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Introduction

Most common problems in pediatric dentistry are the early child-
hood caries of  deciduous teeth that affect infants and young 
children [1]. Presence of  one or more decayed (non-cavitated or 
cavitated lesions), missing (due to caries) or filled tooth surfaces in 
any primary tooth in a preschool-age child between birth and 71 
months of  age is defined as Early childhood caries. This type of  
caries leads to structural disintegration of  the deciduous teeth in 
relation with definite nutritional problems or deficiency [2]. Most 
familiar way to repair the carious teeth and to maintain the re-
stored teeth from damaging again is using Stainless steel crowns 
[3, 4].
 
Prefabricated SS crowns (SSCs) have been used in dentistry to re-
store primary and permanent teeth for almost 50 years [5]. Stain-
less steel crowns have been used till date due to its superior prop-
erty of  better retention and less recurrent caries. The blend of  
iron, carbon, chromium and other metals that make up stainless 

steel prevents corrosion otherwise exacerbated by saliva. Chrome 
is the main element that helps to prevent from the oxidation reac-
tion. They are highly recommended due to its durability and its 
protective effect caused by the full coverage of  the teeth but do 
not have a natural tooth color and are primarily used on molar 
teeth for aesthetic reasons [6]. 
 
Apart from its several advantages SSCs also have notable disad-
vantages like its potential allergenicity and inadequate fitness of  
the edges of  the crown with tooth and inadequate retention in se-
verely damaged teeth, especially on the buccal and lingual surfaces 
[7, 8]. Although these mentioned limitations do not have a major 
impact on the patient satisfaction rate and SSCs do not exhibit 
serious damage on adjacent gingiva and underlying bone [1]. 

Resistance to penetration or permanent indentation of  the sur-
face is defined as hardness [9]. The term of  wear can easily be 
defined as the process of  removing material from the surface 
when two surfaces are rubbed together. When SSCs were used 

Abstract

The paper deals with the corrosion behaviour and surface morphology of  two commercial brands of  crowns named 3M 
crowns and Kids crown using Scanning electron microscope (SEM). Ten stainless steel crowns of  the first primary mandibular 
molar of  size 6 of  two commercial brands named Kids crown (Shinhung, Seoul, Korea) and 3M Stainless Steel Primary Molar 
Crowns(3M ESPE, St. Paul, MN, USA) were used in the study. Surface morphology was analyzed using SEM measuring 20 
× 20 microns and at a magnification of  4000x and corrosion resistance was analyzed using anode polarization test. Visual 
examinations of  exposed surfaces were performed and metallographic sections of  U-bend specimens were carried out in 
order to assess stress corrosion cracking. From the study results, Kids crown was comparatively better than 3M crowns on 
testing for surface morphology and Corrosion resistance. Further antimicrobial tests and wear resistance should be tested for 
finalizing the study results.

Keywords: Corrosion; Surface Morphology; Scanning Electron Microscope; Stainless Steel; Crowns.

S Sushanthi1, S.S.Raj2*, Meignana Arumugham Indiran3

1 Post-Graduate Student, Department of  Public Health Dentistry, Saveetha Dental College & Hospital, 162, Poonamallee High Road, Chennai-600077, 
India.
2 Reader, Department of  Public Health Dentistry, Saveetha Dental College & Hospital, 162, Poonamallee High Road, Chennai-600077, India.
3 Professor and Academic Head, Department of  Public Health Dentistry, Saveetha Dental College & Hospital, 162, Poonamallee High Road, Chen-
nai-600077, India.

http://scidoc.org/IJDOS.php
http://dx.doi.org/10.19070/2377-8075-21000432


S Sushanthi, S.S.Raj, Meignana Arumugham Indiran. Surface Morphology And Corrosion Resistance Of  Preformed Stainless Steel Crowns Evaluated Using Scanning Electron Microscopy (SEM) 
- An In Vitro Study. Int J Dentistry Oral Sci. 2021;08(04):2188-2191.

2189

 OPEN ACCESS                                                                                   https://scidoc.org/IJDOS.php

in children with bruxism who have high chewing forces show a 
lot of  wear in the occlusal surface of  the crown and even can be 
pierced due to prolonged use in the mouth. Occlusal wear is the 
main cause of  occlusal surface perforation and SSC failure. One 
of  the problems that may occur for the SSCs is galvanic corrosion 
following contact with dental amalgam, which is due to presence 
of  metal in both of  them.

Corrosion of  iron is a combination of  dual and rather complex 
oxidation-reduction processes involving cascades of  electron re-
leases. Corrosion is a huge problem in dental hygiene and mainte-
nance of  the mechanical integrity of  metallic implants.he unique 
mechanical properties of  stainless steels coupled with their heat 
and corrosion-resistance and their low maintenance have made 
them durable and superior crown materials over amalgam and 
other common dental crown restorative materials [10]. The elec-
trochemical corrosion phenomenon occurs in the oral cavity, re-
sulting in degradation of  the alloy as a result of  enzyme activity, 
microbes, heat and chewing corrosion causes release of  metals 
[11, 12]. Many studies have shown that stainless steel alloys in 
the vicinity of  saliva exhibit corrosion and alteration of  surface 
properties, and thus their biocompatibility is reduced and releases 
metallic ions like Cr, Fe, and Ni [13]. The aim of  the study is to 
compare the effectiveness of  surface morphology and corrosion 
resistance of  two commercial brands of  Stainless steel crowns 
using Scanning electron microscopy(SEM).

Materials And Methods

This in vitro study was carried out at the Dental Materials Re-
search Lab of  Saveetha Institute of  Medical and Technical Sci-
ences in November 2020. Ten stainless steel crowns of  the first 
primary mandibular molar of  size 6 of  two commercial brands 
named Kids crown(Shinhung, Seoul, Korea) and 3M Stainless 
Steel Primary Molar Crowns(3M ESPE, St. Paul, MN, USA) were 
used in the study.

Surface morphology

During the process of  laser heating of  metal surfaces, oxidation 
reactions of  part of  the metallic alloy components occur in the 
surface layer. The oxide layer may vary as to the chemical compo-
sition, thickness, continuity and adhesion to the substrate depend-
ing on the laser power (fluence) and the generated temperature. 
All changes will significantly affect corrosion resistance of  the 
layer. It was analyzed using Scanning electron microscopy meas-
uring 20 × 20 microns and at a magnification of  4000x .

Corrosion test (electrochemical test)

The anodic polarization tests were done using a conventional 

three-electrode cell of  250 ml capacity. This cell was fitted with 
a saturated calomel electrode (SCE), work electrode as the refer-
ence electrode and a platinum sheet as the counter electrode. The 
ion implanted and virgin samples were each used in turn as the 
work electrode. The standard cyclic anode polarization test was 
performed in an electrolyte solution of  NaCl (9 g/l of  H20) at pH 
6.3 at the temperature of  37°C. This solution imitates the natural 
tissue environment. After 3600 s of  immersion in NaCl solution, 
when a good stable potential could be attained, the potentiody-
namic polarization test was done at a scan rate of  100 mV/s. The 
contact area in all cases was 0.1956 cm2. The scan was started 
in the anode direction with a scanning rate of  100 mV/s. After 
the corrosion tests were ended for both the treated and virgin 
materials of  AISI 316L SS, the corrosion current density (icorr), 
corrosion potentials (Ecorr) and pitting potential (Epit) were by 
linear fit.

Assessment of  Microhardness

The total of  10 stainless steel crowns from each brand was placed 
on a Vickers microhardness Tester under a load of  200 g for 15 
seconds. The crowns were placed horizontally to provide the best 
possible smooth level for the indenter. After placing the specimen 
under the microscope, the effect of  indentor on the specimen was 
measured. After applying the force, the created effect was meas-
ured with a magnification of  × 20. Given the diameter and depth 
of  the effect, the hardness number of  the specimen was calcu-
lated by the machine. For each specimen, the hardness was meas-
ured at 3 points at the mesial area and the average was reported.

Results

Surface morphology

Defect on the surface was analysed using Scanning electron mi-
croscopy. No cracking was seen, only micro defects were seen.

The surfaces of  corroded samples were analyzed by scanning 
electron microscopes (SEM). The morphological analysis carried 
out in the surface of  the corroded samples shows the pits in the 
surface. The analysis of  the morphological images of  corroded 
samples is in agreement with the electrochemical test results for 
both Kids crown and 3M crowns. Comparatively Kids crowns 
have good surface morphology.

Corrosion behaviour

Quantitative assessment of  corrosion has been conducted by 
potentiodynamic polarization tests. Tafel analysis is a well-estab-
lished electrochemical technique [14] in which a typical potential 
scan of  ±25 mV around the open circuit voltage is imposed on a 

Figure 1. SEM image of  surface morphology of  3M crowns.
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metal sample and the current value obtained was recorded.

Basically two regions are present in anodic polarization curves, 
first region represents the dissolution of  the included Stainless 
steel crowns which was kinetically limited and the anodic current 
was increased slowly with the potential showing a ‘‘passive-like” 
behavior. Finally, there is a transpassive second region starting at 
a critical potential (Epit), where the rapid increase in the current 
value occurs due to breakdown of  the passive film. This phenom-
enon is commonly known as pitting corrosion.

Visual examinations of  exposed surfaces were performed and 
metallographic sections of  U-bend specimens were carried out in 
order to assess stress corrosion cracking.

Discussion

Surface morphology was analysed using Scanning electron mi-
croscopy (SEM) 20 × 20 microns and at a magnification of  4000x. 
Overall no cracks were found, only micro defects were seen.

These results were in accordance with corrosion resistance. Com-
paratively Kids crowns were better than 3M crowns. 
 
Corrosion resistance was analyzed using anodic polarization tests. 
The studied crowns had significant different physical and me-
chanical properties. In this study the highest corrosion potential 
was observed in Kids Crown > 3M crowns respectively. This is in 
accordance with study results conducted by Eliadas T er al., [15]. 
Corrosion leads to surface roughness and the release of  elements 
from metal or alloy. Releasing of  elements causes color changes 
of  the adjacent soft tissue and development of  allergic reactions 
in sensitive individuals.
 
Corrosion resistance plays a very vital role in regulating the pos-
sibility of  using metal alloys as biological materials. The effect 
of  molybdenum on pitting corrosion resistance in stainless steel 
austenitic alloys was conducted by Ha et al [16]. In the mouth, 
the crowns are immersed in the saliva, which acts as an electrolyte 
and causes corrosion. According to Eliades et al, the acidic and 
chloride conditions may lead to the destruction of  the chromium 

oxide layer.

Acids can include plaque acids and acids in foods. Nowadays, 
crowns containing 72% of  nickel are replaced with SSCs contain-
ing 8-10% nickel, because of  the several reports about the role 
of  nickel ions in allergic, toxic or carcinogenic effects. Stainless 
steel alloy based on iron-chromium-nickel has favorite mechani-
cal properties and suitable corrosion resistance. Although there is 
always a passive layer on the surface of  the alloy, various ions can 
be released from the metal surface in the acidic environment of  
the mouth and causes a corrosion phenomenon.

Conclusion

From the study results, Kids crown was comparatively better than 
3M crowns on testing for surface morphology and Corrosion re-
sistance. Further antimicrobial tests and wear resistance should be 
tested for finalizing the study results. Future studies can be done 
with more samples.
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