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Abstract: Introduction
Conventionally caries has been removed by drilling using dental burs.But drilling causes
anxiety,pain in patients.Another method of caries removal is Chemicomechanical method
using gel.Papain has been used for this purpose and studied in literature. This study is about
novel patented caries removal gel and its efficacy.
Aim
To compare the efficacy of caries removal time taken for caries removal and surface changes
of patent group after caries removal with that of drilling and commercial caries removal gel
under Scanning electron microscope.
Materials and methods
e Papain and bromelain based gel decorated with silver nanoparticles has been
prepared.Characterisation has been done based on EDX,FTIR and SEM.
e Three groups were taken- patented gel, drilling bur and commercially available caries
removal gel.
e Caries removal was done on extracted molar with class 1 caries.Time taken for caries
removal is recorded.After caries removal surface changes of tooth was checked under
SEM.
Results
Time taken for caries removal was less in drilling group compared to that of other two
groups.Efficacy of caries removal of equal in all groups. SEM results favored patented caries
removal gel.
Conclusion
Patented caries removal gel can be considered as a method for caries removal as surface
changes and marginal gap is more in drilling group.
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1. Introduction
Dental caries is one of the most common diseases affecting the oral cavity in the population of the world. The
removal of caries has been done conventionally using dental burs(1). This drilling method of caries removal
though is fast, it definitely has certain adverse effects. It can cause anxiety, pain, fear especially in children(2).
Not just that there is every possibility that pulpal damage can occur.

Different other methods of caries removal have been tried in the past. The mechanical rotary or non-rotary
instruments, chemo- mechanical caries removal system and lasers(3). The non-rotary, non-invasive techniques
include air-abrasion, air-polishing, ultrasonic and sonic abrasion. The chemo-mechanical caries removal system,
based on the principle of minimal invasive dentistry involves the application of substances like Caridex and
Carisolv which is referred to as the Chemico mechanical method(4). This method involves the usage of caries
removal gels for the purpose of removing caries. The Chemo-mechanical caries removal technique involves the
application of chemical agents, to cause a selective softening of the carious dentine and facilitate removal by

51 DOI: 10.105515/JBE.40.3.8



http://www.swyxgcx.cn/index.php/jbme/index
http://www.swyxgcx.cn/index.php/jbme/article/view/162
https://paperpile.com/c/mHHlka/r0u7
https://paperpile.com/c/mHHlka/FUZn
https://paperpile.com/c/mHHlka/lfhf
https://paperpile.com/c/mHHlka/QEbq

Journal of Biomedical Engineering MANUSCRIPT
ISSN: 1001-5515 Vol. 40 No. 3 (2023)

gentle excavation(5). Many caries removal gels are available in the market. The important ingredient in these
gels is papain. Papain is an enzyme derived from the fruit of papaya. It is a proteolytic enzyme causing
breakdown of complex proteins into simpler groups(6). This concept was applied for removal of caries.
Papacarie was introduced as a new method for CMCR. This product contains active ingredients, including
papain and chloramines, with bactericidal, bacteriostatic, and anti-inflammatory properties.Papain can
specifically digest infected or dead tissues because their collagen molecules are partially degraded and they lack
al-anti-trypsin, which normally inhibits protein digestion in healthy tissues(7).

The present study is about a novel self made caries removal gel which is based on papain, Bromelain decorated
with silver nanoparticles used for removal of caries. Bromelain is an enzyme derived from the plant of
pineapple(8). It is said to be a potent proteolytic enzyme compared to papain. Silver nanoparticles were
biosynthesised using papain and Bromelain and formulated as a gel. Bromelain contains thiol endopeptidases
and other components, such as, peroxidases, cellulases, phosphates, glucosidases, glycoproteins, and
carbohydrates(9). Bromelain is stable at pH 3.0 to 6.5. Bromelain when applied topically helps in the removal of
burnt debris and accelerates healing(10).Silver nanoparticles are well known for their antimicrobial action and
increasing the efficacy of the prepared formulation(11).

The aim of this study was to compare the efficacy and time taken for caries removal of self prepared caries
removal gel with that of drilling bur based caries removal and commercially available caries removal gel.

2. Materials And Methods
Preparation of caries removal gel:
0.5 gram of Papain and bromelain powder which was readily available in the market was taken. To this 100 ml
of distilled water was added. To this solution, 0.1gram of silver nitrate powder was added and placed in the
shaker for 24 hours. After 24 hours, a change in color of the solution was seen indicating that biosynthesis of
silver particles had occurred. The supernatant was removed and residue was further centrifuged to obtain papain
and bromelain based silver pellets.

The silver pellets were added to a gel preparation which contained carbopol, carboxymethyl cellulose and
sodium benzoate to obtain the final caries removal gel.

Figure 1: Papain, Figure 2: Biosynthesis Figure 3: Papain, bromelain  Figure 4:
Gelling agent
Bromelain powder of nanoparticles silver pellets
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Figure 5: Caries removal  Figure 6: Extracted molar Figure 7: Sectioning of teeth Figure 8:
SEM analysis-sections Gel with class 1 Dental caries

Characterization of prepared gel:

Energy Dispersive X ray Spectroscopy(EDX):This is a method to detect the elemental composition of
different compounds. It is important to determine the elements present in the prepared gel. This method was used
for the same purpose. The elements detected were carbon, oxygen and silver particles majorly. The percentage of
oxygen present in the gel was 43.1%, carbon was 38% and silver particles were 19%. This acted as a proof for
the presence of silver particles in the prepared gel.

Fourier Transform Infrared Spectroscopy: also known as FTIR Analysis or FTIR Spectroscopy.FTIR
analysis helps to understand and characterize materials and products.FTIR offers quantitative and qualitative
analysis for organic, inorganic samples and polymers. Fourier Transform Infrared Spectroscopy (FTIR)
identifies chemical bonds in a molecule by producing an infrared absorption spectrum. The spectra produce a
profile of the sample, a distinctive molecular fingerprint that can be used to screen and scan samples for many
different components. FTIR is an effective analytical instrument for detecting functional groups and
characterizing covalent bonding information. The majority of elements detected by this method in the prepared
gel was carbon, oxygen, silver, polymers and nitrogen.

Scanning Electron Microscope( SEM) analysis: Scanning electron microscopic view of the particles of the
gel showed that the silver particles synthesized were more or less spherical with size ranging from 10 to 100nm.

Removal of caries: Fifteen extracted mandibular permanent molar teeth with class 1 caries were taken and
randomly divided into three groups. The three groups included were drilling burs, self made patented caries
removal gel and commercially available caries removal gel. Caries from the extracted teeth were removed and
the time taken for caries removal was recorded in each of the groups. The efficacy of caries removal was
evaluated by two trained endodontists and cross checked by a third operator.The teeth were then filled with
composite restorative material. The restored teeth were mounted on acrylic and sectioned to a thickness of
0.5mm using hard tissue microtome. The sections were viewed under scanning electron microscope,analyzed
and evaluated further.

3. Results
Results of EDX:
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Figure 9 and 10: Graph showing composition of the gel

EDX microanalysis is a technique of elemental analysis that is based on the generation of characteristic X Rays
in atoms of the specimen by the incident beam electrons. The EDX analysis of self prepared caries removal gel
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showed the presence of oxygen as 43.1%, Carbon was 38% and silver was 19%. This shows the presence of
silver particles in the compound.

Results of FTIR:
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Figure 11: Graph showing FTIR analysis of caries removal gel

The most common use is in the identification of unknown materials and confirmation of production materials.
The above graph shows the presence of carbon, silver as major ingredients in the prepared gel.

Time taken for caries removal: Time taken for caries removal in the drilling group was 1.5minutes.

S No. Group Mean Time taken in
minutes(S.D)

1 Patent Gel 3(+/- 0.495)
2 Commercial 3(+/- 0.495)
3 Drilling 1.5(+/- 0.395)

Table 1: Table showing time taken for caries removal

Efficacy of caries removal:

A trained operator performed all caries removal and restorations. The efficacy of caries removal was evaluated
by tactile and visual inspections performed by another trained dentist, who was blinded to the group status. For
tactile criteria, complete caries removal was defined as a smooth passage of a blunt explorer and the absence of a
catch or a “tug-back” sensation(12).

SEM analysis of the sections:

Figure 12: SEM view of patent gel Figure 13: SEM view of patent gel
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Figure 16: SEM view of Drilling Figure 17: SEM view of Drilling group

4. Discussion
Dental caries is a disease that affects the majority of the global population(13). The removal of caries was
traditionally done by drilling, using dental burs. But this can cause fear in patients, pain and anxiety which
makes it very difficult for the operator to complete a restorative procedure.In order to avoid and overcome this,
different methods of caries removal have been tried and evaluated(14). One such method is the Chemico
mechanical method where in caries removal gel is used for the purpose.

Different caries removal gels are available in the market but majority of them do not show much success(15).
The key ingredient in such gels is majorly papain, a proteolytic enzyme obtained from the plant of papaya. In the
present study a novel caries removal gel has been formulated which is based on papain(16), Bromelain which is
a newer and more potent, effective proteolytic enzyme. To this, silver nitrate has been added for biosynthesis of
silver nanoparticles. Silver nanoparticles are known for their antimicrobial efficacy and to enhance the efficacy
of caries removal of papain and Bromelain(17). Biosynthesis of nanoparticles, especially silver nanomaterials
from plant extracts or organic sources has been receiving huge interest because of their plentiful abilities and a
wide range of bioactive reducing metabolites(18). Plants are known as highly preferable sources for synthesizing
nanoparticles(14). Compared with bacteria and algae, plants are more renitent to metal toxicity, thereby offering
a green alternative for synthesize of silver nanoparticles(19)

The characterisation of the gel has been done and caries removal efficacy, time taken for caries removal was
compared with that of drilling burs and commercially available caries removal gel. The time taken for caries
removal was more in commercially available gel and patented caries removal gel group compared to drilling
burs group. However there was no significant difference between the patented group and commercially available
group.

The efficacy of caries removal was equal in all the three groups with no significant difference between the
groups.The study by Kemporn et al, was aimed to evaluate the performance of Papacarie in comparison with the
drilling method.According to the author no significant difference was seen between the two groups(7). A study
by Vamsi et al, aimed to evaluate and compare bromelain with papain as the chemomechanical caries removal
agent in relation to their efficacy.According to the author, that bromelain was more effective in amount of caries
removal than papain.The amount of remaining demineralized dentin was found to be lower in bromelain group
than the papain group and time taken for the carious dentin removal was almost found similar in both bromelain
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and papain groups(20). Pallvi Goomer et al. conducted a clinical trial to compare different methods of caries
removal in terms of efficacy, time taken and pain during caries removal. Chemical Mechanical removal of caries
with Carisolv was found to be effective measure of caries removal and could be considered as viable alternatives
to painful procedures like airotor in management of dental caries especially in children(21)

The teeth were restored with composite restorative material and further sectioned to view under scanning
electron microscope. The SEM analysis results showed that the gap between restoration and tooth structure in
self prepared gel group was around 16.97um-17.89um, in the commercially available gel it was,43.8pum- 55.6um
where as in the drilling group it ranged between 100.1um-256pm. Also the presence of microcracks were evident
and prominent in the drilling group compared with that of self made caries removal gel.

5. Conclusion
Efficacy of caries removal is equal in all the three groups. Time taken for caries removal is though higher for
patent group and commercial gel, the surface changes and marginal gap is more in drilling group.
Although it is difficult to employ any one single method to achieve clinical excellence, patented gel shows
patient friendly and promising results.

References

1. Kumar J, Nayak M, Prasad KL, Gupta N. A comparative study of the clinical efficiency of
chemomechanical caries removal using Carisolv and Papacarie - a papain gel. Indian J Dent Res
[Internet]. 2012 Sep-Oct;23(5):697. Available from: http://dx.doi.org/10.4103/0970-9290.107429

2. Fure S, Lingstrom P. Evaluation of the chemomechanical removal of dentine caries in vivo with a new
modified Carisolv gel. Clin Oral Investig [Internet]. 2004 Sep;8(3):139-44. Available from:
http://dx.doi.org/10.1007/s00784-004-0271-6

3. Chaussain-Miller C, Decup F, Domejean-Orliaguet S, Gillet D, Guigand M, Kaleka R, et al. Clinical
evaluation of the Carisolv chemomechanical caries removal technique according to the site/stage
concept, a revised caries classification system. Clin Oral Investig [Internet]. 2003 Mar;7(1):32—7.
Available from: http://dx.doi.org/10.1007/s00784-003-0196-5

4. Mason PN, Bulatti PL. [Trial of a new method for removal of demineralized dentin]. Av
Odontoestomatol [Internet]. 1989 Apr;5(4):211-21. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/2634404

5. Munshi AK, Hegde AM, Shetty PK. Clinical evaluation of Carisolv in the chemico-mechanical removal
of carious dentin. J Clin Pediatr Dent [Internet]. 2001 Autumn;26(1):49-54. Available from:
http://dx.doi.org/10.17796/jcpd.26.1.1r48727276478461

6. de Almeida SMS, Franca FMG, Florio FM, Ambrosano GMB, Basting RT. Analysis of total microbiota
in dentin after mechanical or papain-based chemomechanical caries removal. Gen Dent [Internet]. 2013
Jul;61(4):59-63. Available from: https://www.nchi.nlm.nih.gov/pubmed/23823347

7. Kitsahawong K, Seminario AL, Pungchanchaikul P, Rattanacharoenthum A, Pitiphat W.
Chemomechanical versus drilling methods for caries removal: an in vitro study. Braz Oral Res
[Internet]. 2015 Oct 20;29:1-8. Available from: http://dx.doi.org/10.1590/1807-3107BOR-
2015.vol29.0127

8. Maurer HR. Bromelain: biochemistry, pharmacology and medical use. Cell Mol Life Sci [Internet].
2001 Aug;58(9):1234-45. Available from: http://dx.doi.org/10.1007/PL00000936

9. Taussig SJ, Batkin S. Bromelain, the enzyme complex of pineapple (Ananas comosus) and its clinical
application. An update. J Ethnopharmacol [Internet]. 1988 Feb-Mar;22(2):191-203. Available from:
http://dx.doi.org/10.1016/0378-8741(88)90127-4

10. Houck JC, Chang CM, Klein G. Isolation of an effective debriding agent from the stems of pineapple
plants. Int J Tissue React [Internet]. 1983;5(2):125-34. Available from:
https://www.ncbi.nIm.nih.gov/pubmed/6352539

11. Roy A. Plant Derived Silver Nanoparticles and their Therapeutic Applications. Curr Pharm Biotechnol
[Internet]. 2021 Oct 6;22(14):1834-47. Available from:
http://dx.doi.org/10.2174/1389201021666201027155708

12. Koth RMS, Abdella AA, El Kateb MA, Ahmed AM. Clinical evaluation of Papacarie in primary teeth. J
Clin Pediatr Dent [Internet]. 2009 Winter;34(2):117-23. Available from:
http://dx.doi.org/10.17796/jcpd.34.2.f312p36918463716

13. Fejerskov O. Concepts of dental caries and their consequences for understanding the disease.
Community Dent Oral Epidemiol [Internet]. 1997 Feb;25(1):5-12. Awvailable from:
http://dx.doi.org/10.1111/j.1600-0528.1997.tb00894.x

56 DOI: 10.105515/JBE.40.3.8


http://www.swyxgcx.cn/index.php/jbme/index
http://www.swyxgcx.cn/index.php/jbme/article/view/162
https://paperpile.com/c/mHHlka/4L7I
https://paperpile.com/c/mHHlka/OEay
http://paperpile.com/b/mHHlka/r0u7
http://paperpile.com/b/mHHlka/r0u7
http://paperpile.com/b/mHHlka/r0u7
http://dx.doi.org/10.4103/0970-9290.107429
http://paperpile.com/b/mHHlka/FUZn
http://paperpile.com/b/mHHlka/FUZn
http://dx.doi.org/10.1007/s00784-004-0271-6
http://paperpile.com/b/mHHlka/lfhf
http://paperpile.com/b/mHHlka/lfhf
http://paperpile.com/b/mHHlka/lfhf
http://paperpile.com/b/mHHlka/lfhf
http://dx.doi.org/10.1007/s00784-003-0196-5
http://paperpile.com/b/mHHlka/QEbq
http://paperpile.com/b/mHHlka/QEbq
https://www.ncbi.nlm.nih.gov/pubmed/2634404
http://paperpile.com/b/mHHlka/Cv6O
http://paperpile.com/b/mHHlka/Cv6O
http://dx.doi.org/10.17796/jcpd.26.1.lr48727276478461
http://paperpile.com/b/mHHlka/XvO4
http://paperpile.com/b/mHHlka/XvO4
http://paperpile.com/b/mHHlka/XvO4
https://www.ncbi.nlm.nih.gov/pubmed/23823347
http://paperpile.com/b/mHHlka/SaYV
http://paperpile.com/b/mHHlka/SaYV
http://paperpile.com/b/mHHlka/SaYV
http://dx.doi.org/10.1590/1807-3107BOR-2015.vol29.0127
http://dx.doi.org/10.1590/1807-3107BOR-2015.vol29.0127
http://paperpile.com/b/mHHlka/W1Ci
http://paperpile.com/b/mHHlka/W1Ci
http://dx.doi.org/10.1007/PL00000936
http://paperpile.com/b/mHHlka/Pgc8
http://paperpile.com/b/mHHlka/Pgc8
http://dx.doi.org/10.1016/0378-8741(88)90127-4
http://paperpile.com/b/mHHlka/t4A8
http://paperpile.com/b/mHHlka/t4A8
https://www.ncbi.nlm.nih.gov/pubmed/6352539
http://paperpile.com/b/mHHlka/3m44
http://paperpile.com/b/mHHlka/3m44
http://dx.doi.org/10.2174/1389201021666201027155708
http://paperpile.com/b/mHHlka/DCmp
http://paperpile.com/b/mHHlka/DCmp
http://dx.doi.org/10.17796/jcpd.34.2.f312p36g18463716
http://paperpile.com/b/mHHlka/iLyt
http://paperpile.com/b/mHHlka/iLyt
http://dx.doi.org/10.1111/j.1600-0528.1997.tb00894.x

Journal of Biomedical Engineering MANUSCRIPT
ISSN: 1001-5515 Vol. 40 No. 3 (2023)

14.

15.

16.

17.

18.

19.

20.

21,

Piva E, Ogliari FA, Moraes RR de, Cord F, Henn S, Correr-Sobrinho L. Papain-based gel for
biochemical caries removal: influence on microtensile bond strength to dentin. Braz Oral Res [Internet].
2008 Oct-Dec;22(4):364—70. Available from: http://dx.doi.org/10.1590/s1806-83242008000400014
Sahana S, Vasa AAK, Geddam D, Reddy VK, Nalluri S, Velagapudi N. Effectiveness of
chemomechanical caries removal agents Papacarie(®) and Carie-Care™ in primary molars: An in vitro
study. J Int Soc Prev Community Dent [Internet]. 2016 Apr;6(Suppl 1):S17-22. Available from:
http://dx.doi.org/10.4103/2231-0762.181162

Motta LJ, Bussadori SK, Campanelli AP, Silva AL da, Alfaya TA, Godoy CHL de, et al. Randomized
controlled clinical trial of long-term chemo-mechanical caries removal using Papacarie™ gel. J Appl
Oral Sci [Internet]. 2014 Jul-Aug;22(4):307-13. Awvailable from: http://dx.doi.org/10.1590/1678-
775720130488

Poulose S, Panda T, Nair PP, Théodore T. Biosynthesis of silver nanoparticles. J Nanosci Nanotechnol
[Internet]. 2014 Feb;14(2):2038-49. Available from: http://dx.doi.org/10.1166/jnn.2014.9019

Mathur P, Jha S, Ramteke S, Jain NK. Pharmaceutical aspects of silver nanoparticles. Artif Cells
Nanomed Biotechnol [Internet]. 2018;46(sup1):115-26. Available from:
http://dx.doi.org/10.1080/21691401.2017.1414825

Mousavi SM, Hashemi SA, Ghasemi Y, Atapour A, Amani AM, Savar Dashtaki A, et al. Green
synthesis of silver nanoparticles toward bio and medical applications: review study. Artif Cells
Nanomed  Biotechnol [Internet]. 2018 Oct  17;46(sup3):S855-72.  Available  from:
http://dx.doi.org/10.1080/21691401.2018.1517769

Reddy VK, Nagar P, Reddy S, Ragulakollu R, Tirupathi SP, Ravi R, et al. Bromelain vs Papain Gel for
Caries Removal in Primary Teeth. J Contemp Dent Pract [Internet]. 2019 Nov 1;20(11):1345-9.
Available from: https://www.ncbi.nlm.nih.gov/pubmed/31892689

Goomer P, Jain RL, Kaur H, Sood R. Comparison of the efficacy of chemicomechanical caries removal
with conventional methods - a clinical study. J Int Oral Health [Internet]. 2013 Jun;5(3):42—7. Available
from: https://www.ncbi.nlm.nih.gov/pubmed/24155601

57 DOI: 10.105515/JBE.40.3.8


http://www.swyxgcx.cn/index.php/jbme/index
http://www.swyxgcx.cn/index.php/jbme/article/view/162
http://paperpile.com/b/mHHlka/mUcm
http://paperpile.com/b/mHHlka/mUcm
http://paperpile.com/b/mHHlka/mUcm
http://dx.doi.org/10.1590/s1806-83242008000400014
http://paperpile.com/b/mHHlka/EB5T
http://paperpile.com/b/mHHlka/EB5T
http://paperpile.com/b/mHHlka/EB5T
http://paperpile.com/b/mHHlka/EB5T
http://paperpile.com/b/mHHlka/EB5T
http://dx.doi.org/10.4103/2231-0762.181162
http://paperpile.com/b/mHHlka/qiGL
http://paperpile.com/b/mHHlka/qiGL
http://paperpile.com/b/mHHlka/qiGL
http://paperpile.com/b/mHHlka/qiGL
http://paperpile.com/b/mHHlka/qiGL
http://dx.doi.org/10.1590/1678-775720130488
http://dx.doi.org/10.1590/1678-775720130488
http://paperpile.com/b/mHHlka/nV5V
http://paperpile.com/b/mHHlka/nV5V
http://dx.doi.org/10.1166/jnn.2014.9019
http://paperpile.com/b/mHHlka/4NLA
http://paperpile.com/b/mHHlka/4NLA
http://dx.doi.org/10.1080/21691401.2017.1414825
http://paperpile.com/b/mHHlka/T6bR
http://paperpile.com/b/mHHlka/T6bR
http://paperpile.com/b/mHHlka/T6bR
http://paperpile.com/b/mHHlka/T6bR
http://dx.doi.org/10.1080/21691401.2018.1517769
http://paperpile.com/b/mHHlka/4L7I
http://paperpile.com/b/mHHlka/4L7I
http://paperpile.com/b/mHHlka/4L7I
https://www.ncbi.nlm.nih.gov/pubmed/31892689
http://paperpile.com/b/mHHlka/OEay
http://paperpile.com/b/mHHlka/OEay
http://paperpile.com/b/mHHlka/OEay
https://www.ncbi.nlm.nih.gov/pubmed/24155601

