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ABSTRACT

Background: Stainless-steel crown (SSCs) is one of the most durable, retentive, and relatively inexpensive restorative
materials for caries and post pulp endodontic restoration in primary molars. These semi-permanent restorations are
expected to remain in the oral environment for extended periods of time and release of nickel and chromium in that period
may cause allergic reactions. The aim of the study was to investigate and evaluate the effect of SSCs trimming on nickel
and chromium release from five different commercially available brands of crowns (3M, Kids, Rainbow, Kids gold and
Rainbow rose gold) at different pH (pH-4.5, pH=5.5, pH=6.8) over 28 days

Methodology: The study involved 360 stainless steel crowns of the same size from five commercial brands, divided into
trimmed (n=180) and untrimmed (n=180) groups. Trimmed crowns were marked, cut, polished, and cemented. All crowns
were immersed in artificial saliva at 37°C at pH levels 4.3, 5.5, and 6.8. Saliva was refreshed regularly, and nickel and
chromium release was measured on days 1, 7, 14, 21, and 28 using atomic absorption spectrophotometry.

Results: No significant difference in nickel and chromium ion release was found among the five commercially available
brands of SSCs (p>0.05). Untrimmed crowns released more ions than trimmed ones (p<0.05). Ion release decreased over
28 days and was highest at lower pH levels.
Conclusion: Although ion release was below toxicity levels, variations with pH and time may affect sensitivity. Using 12
stainless steel crowns for full-mouth rehabilitation is considered safe.

Keywords: Crowns; Nickel; Chromium

How to cite this article: Singh M, Oinam T, Rachna, De A, Sajan, Dalvi S. An In Vitro Assessment Of Effect Of Trimming
On Nickel And Chromium Ion Release From Five Different Commercially Available Crowns. Int J Drug Deliv Technol.
2026;16(53s): 186-191. DOI: 10.25258/ijddt.16.53s.20

INTRODUCTION:
Primary teeth are crucial for a child's speech

restoring primary molars affected by severe caries or
after pulp therapy. SSCs are composed mainly of iron,

development, proper jaw growth, and the guidance and
eruption of permanent teeth. When these teeth are
compromised due to decay, trauma, or other dental
issues, timely and appropriate restorative treatment
becomes essential to prevent further complications and
maintain the child’s overall oral health. Restoring
primary teeth with cavities is a challenge for pediatric
dentists, but it is vital to avoid the early loss of deciduous
teeth and to preserve ideal occlusion.! Common
restorative materials include glass ionomers, composite
resins, compomers, amalgam, and prefabricated crowns,
which are often used in cases of extensive decay or
endodontically  treated primary teeth. Among
prefabricated crowns, stainless steel crowns (SSCs) have
been a reliable and widely used option for nearly five
decades. SSCs offer several advantages, including
durability, affordability, ease of placement, and full
coronal coverage. They are particularly effective in
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chromium, nickel, and trace amounts of other metals.?
However, concerns have been raised about the potential
release of metals like nickel and chromium from these
crowns into the oral environment, which may cause
allergic reactions or hypersensitivity in some children.?
Nickel, a known allergen, can trigger contact dermatitis
and has been labeled as the “Contact Allergen of the
Year” in 2008. Chromium, while essential in trace
amounts for metabolism, can also exhibit toxic effects in
its hexavalent form.* The corrosion of dental materials in
the oral cavity, influenced by factors such as pH changes,
food habits, and saliva composition, can enhance the
release of these metals. In pediatric dentistry, it is
sometimes necessary to trim SSCs to achieve a proper
fit, and this process could potentially increase metal ion
release and very little research has been done on the ions
released from these crowns.> Despite the widespread use
of SSCs, limited research exists on how trimming affects
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nickel and chromium release in different pH levels, and
time intervals, especially across different brands and
titanium-coated SSCs (Kids gold, Rainbow rose gold)
which are newer in the market. This study aims to
estimate and compare the release of nickel and
chromium ions from trimmed and untrimmed stainless
steel crowns (SSCs) of five different commercially
available brands (3M, Kids, Rainbow, Kids gold,
Rainbow rose gold) at varying pH levels (4.3, 5.5, and
6.3) over a period of 28 days.

Alternative Hypothesis 1: There is a significant
difference in the release of nickel and chromium ions
among the five different commercially available
stainless steel crowns (SSCs) when untrimmed, at
different pH levels over a period of 28 days.
Alternative Hypothesis 2: There is a significant
difference in the release of nickel and chromium ions
among the five different commercially available
stainless steel crowns (SSCs) after trimming, at different
pH levels over a period of 28 days.

Alternative Hypothesis 3: There is a significant
difference in the release of nickel and chromium ions
between trimmed and untrimmed stainless steel crowns
(SSCs) of the five different commercially available
brands at different pH levels over a period of 28 days.
METHODS: The study was conducted from November
2023 to April 2024. Ethical approval was acquired from
the Institutional Ethical Committee with Letter no.
SDCRI/IEC/23/68

A total of 360 crowns of 5 different commercially
available SSCs (3M, Kids, Rainbow, Kids gold,
Rainbow rose gold) of same size were selected for
deciduous second molar to ensure uniform outcome for
amount of nickel and chromium ion release. Sample size
estimation was conducted by using G power (v3.1.9.2).
The power of study was kept at 90% and effect size at
0.4.

The crowns were totally unused and were kept at room
temperature before initiating the experiment. The study
included 360 samples divided into trimmed (Group I,
n=180) and untrimmed crowns (Group II, n=180), each
with five subgroups based on crown brands (n=36 each).
Each subgroup was further divided according to
artificial saliva pH levels (4.5, 5.5, 6.8) to simulate
different oral environments (n=12 each).

Group I, consisting of untrimmed stainless steel crowns
(n=180), was left untouched for the initial phase of the
study. In Group II (n=180), the crowns were carefully
trimmed by marking a line 1 mm from the crown margin
using a narrow marker. The trimming process for each
crown was carried out using special orthodontic crown
scissors. Following the trimming, the cut margins were
polished and smoothed using green polish rubber to
ensure a refined finish. All crowns from both groups
(n=360) were then thoroughly cleaned ultrasonically
using a solution comprising 50% v/v acetone and 50%
v/v ethanol to eliminate any contaminants.
Subsequently, the internal surfaces of both untrimmed
and trimmed crowns were filled with polycarboxylate
cement to prevent direct contact between the internal

metal surface and the artificial saliva. The crowns were
then divided into subgroups based on the pH of artificial
saliva: acidic (pH 4.3), critical (pH 5.5), and neutral (pH
6.8). Each sample was placed into 30 ml polyethylene
containers labelled according to their respective groups
and subgroups, filled with 25 ml of artificial saliva, and
incubated at 37°C. The containers were sealed tightly to
prevent evaporation and gently shaken during
immersion to ensure uniform exposure. After 24 hours,
crowns were transferred into fresh artificial saliva to
avoid ion saturation, with this process repeated every 7
days.

Nickel and Chromium ion release was measured on days
1, 7, 14, 21, and 28 using an atomic absorption
spectrophotometer. The collected data were statistically
analysed using SPSS version 22.0 to estimate and
compare the outcomes.

RESULTS: The collected data was subjected to
statistical analysis using SPSS software (version 22.0) at
a level of significance set to p-value<0.05 using Anova,
T-test, Tukey HSD Post Hoc test and Wilcoxon Post Hoc
test.

By using ANOVA test among different groups and sub
groups there was no significant difference for Nickel and
chromium ion release at different pH and days among all
five commercially available brands. (p>0.05)

Graph 1 depicts Nickel (Ni) and graph 2 represents
chromium (Cr) ion release from trimmed and untrimmed
crowns over 28 days which was analyzed using the
Wilcoxon post hoc test, with Bonferroni-adjusted p-
values applied to account for multiple comparisons. For
nickel release, both trimmed and untrimmed crowns
demonstrated a significant increase from day 1 to days
7,14, 21, and 28 (p<0.05). However, the rate of increase
became less pronounced after day 14, with no significant
differences observed after day 21, suggesting a plateau
effect. Comparison between groups showed no
significant difference in Ni release on day 1, whereas
from day 7 onward, untrimmed crowns exhibited
significantly greater nickel release than trimmed crowns.
Similarly, chromium ion release showed an increasing
trend over time in both groups. In trimmed crowns, Cr
release increased significantly after day 7 and remained
highly significant through days 14, 21, and 28, although
the increase slowed after day 21, indicating a plateau
effect. Untrimmed crowns also demonstrated significant
Cr release from day 7 onward, with less pronounced
increments after day 14 and no significant differences
thereafter. Intergroup comparison revealed minimal
difference in Cr release on day 1, while from day 7
onward untrimmed crowns released significantly higher
Cr ions than trimmed crowns. Overall, both Ni and Cr
ion release increased significantly during the initial
period and gradually plateaued over time, with
untrimmed crowns consistently exhibiting greater ion
release than trimmed crowns.
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Graph 1: Ni Ion release at various times intervals from trimmed & untrimmed crowns
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Graph 2: Cr ion release at various time interval from trimmed & untrimmed crowns
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Graph 3 and Graph 4 represents pH variations which
significantly influenced nickel (Ni) and chromium (Cr)
ion release from both trimmed and untrimmed crowns,
as analyzed using the Wilcoxon post hoc test with
Bonferroni-adjusted p-values for multiple comparisons.
For nickel release, both trimmed and untrimmed crowns
showed a significant inverse relationship with pH, with
highly significant reductions observed at pH 5.5 and pH
6.8 compared with pH 4.3. Additionally, comparison
between pH 6.8 and pH 5.5 demonstrated a further
statistically significant decrease in Ni release, indicating
a strong pH-dependent effect whereby increasing pH
resulted in reduced nickel ion release. Intergroup
comparison revealed a slight but significant increase in
Ni release from untrimmed crowns at pH 4.3, while at
pH 5.5 and pH 6.8, untrimmed crowns exhibited
significantly higher nickel release than trimmed crowns,
suggesting that the effect of trimming became more

Day 7 Day 7 Day 7 Day 14 Day 14 Day 21

Untrimmed

pronounced at higher pH levels. Chromium ion release
demonstrated a similar pH-dependent trend. In trimmed
crowns, Cr release showed a highly significant reduction
at pH 5.5 and pH 6.8 compared with pH 4.3, with lower
release also observed at pH 6.8 compared with pH 5.5.
Untrimmed crowns similarly exhibited reduced Cr ion
release at higher pH levels, confirming an inverse
relationship between pH and chromium release.
However, unlike nickel release, the difference between
pH 6.8 and pH 5.5 in untrimmed crowns was not
statistically significant. Intergroup comparison showed
significantly greater Cr ion release from untrimmed
crowns at pH 4.3 and pH 5.5, whereas no significant
difference was observed at pH 6.8. Overall, both Ni and
Crion release demonstrated strong pH dependence, with
lower pH promoting greater ion release and untrimmed
crowns generally exhibiting higher ion release than
trimmed crowns.
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Graph 3 : Niion release at different pH from trimmed & untrimmed crowns
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Graph 4: Cr ion release at different pH from trimmed & untrimmed crowns
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DISCUSSION:

Stainless steel crowns are composed of various metals
including iron, carbon, chromium, nickel, and
manganese, with nickel and chromium being of
particular concern due to their potential toxic and
allergenic effects.® These elements, especially nickel, are
widely recognized as environmental and occupational
hazards. Their exposure can occur not only via ingestion
but also through dermal and mucosal absorption.
Clinical studies have demonstrated that oral exposure to
nickel can trigger allergic responses in sensitive
individuals, although some research has proposed that
minimal oral exposure may actually promote immune
tolerance [Sosroseno, 1995]. Chromium, on the other
hand, has very low gastrointestinal absorption rates,
typically ranging between 0.5% to 2% [Anderson &
Kozlovsky, 1985], depending on its physical and
chemical form.” In the oral cavity, stainless steel
materials are subject to biodegradation, mainly through
electrochemical corrosion. This leads to the release of

pH 6.8 vs pH 4.3

pH 6.8 vs pH 5.5

Untrimmed

nickel and chromium ions into the saliva. The primary
human exposure to these ions originates from dietary
sources; however, dental appliances and restorations can
also be significant contributors. The release of metal
ions, particularly in fluctuating salivary pH conditions
caused by food intake, microbial metabolism, and other
oral factors, can result in allergic reactions, cytotoxicity,
and even genotoxic effects. Saliva acts as an electrolyte,
potentially enhancing corrosion by facilitating
electrochemical reactions at the surface of the metallic
crowns.®

To simulate the intraoral environment in a laboratory
setting, artificial saliva is often used. However,
according to Leung VH et al. (1997), the complexity and
variability of natural saliva make it difficult to perfectly
replicate its properties. Despite its limitations, artificial
saliva remains a commonly accepted substitute for in
vitro studies.’ In the present study, the pH of artificial
saliva was adjusted to three levels: acidic (pH 4.3),
critical (pH 5.5), and neutral (pH 6.8), based on data
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from Arab-Nozari M et al.’> and Tiwari S et al,'® to
simulate various clinical conditions such as intake of
acidic foods or beverages.

The study evaluated 216 stainless steel crowns from
three different commercial brands: 3M, Kids Crown, and
Rainbow. These crowns were categorized into trimmed
and untrimmed groups and exposed to artificial saliva of
varying pH levels for a period of 28 days. The trimming
process, commonly done to improve crown fit and
gingival adaptation, may damage the protective passive
oxide layer of stainless steel, thereby increasing metal
ion release.!! Polycarboxylate cement was used to mimic
clinical cementation and prevent direct saliva contact
with the inner crown surface.

Nickel and chromium ion release was measured using
Atomic Absorption Spectrophotometry (AAS), a
technique known for its accuracy and cost-effectiveness
compared to more advanced methods such as
Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) [Wataha JC et al., 1998].!2 Nickel hypersensitivity
is a well-documented issue, affecting between 4.5% and
28.5% of the population, with a higher prevalence in
females and younger individuals.!*  Clinical
manifestations may include dermatitis, mucosal
irritation, or even systemic reactions. [Keinan et al.]'
Modern SSCs contain approximately 9-12% nickel, a
significant reduction from earlier models that had up to
72%. Although studies like those by Staffolani et al.,'’
Kulkarni P et al.,'® and Ramazani et al.'” confirm that ion
release remains below toxic thresholds, even small
quantities may provoke allergic responses in susceptible
patients.'®!31° Consistent with previous research, the
present study found the ion release to be well within the
acceptable limits (i.e., <0.02 ppm for nickel and <0.05
ppm for chromium), yet it emphasized caution regarding
long-term exposure and pH fluctuations.

Notably, the results demonstrated greater ion release
from untrimmed crowns, likely due to their larger
surface area. Over time, ion release declined, reaching a
plateau around day 21 for trimmed crowns and day 14
for untrimmed crowns. The release patterns were
influenced by pH, with lower pH levels correlating with
higher ion release, supporting findings by Basir L!!
whereas Arab-Nozari M? found maximum release of Ni
from trimmed crowns. Nickel release peaked in acidic
environments (pH 4.3), while the least was observed at
neutral pH (6.8) similar to other studies.>!%!!

Limitations of the study:

1. In vitro research is incapable of accurately
reconstructing conditions that occur in vivo, such
as the formation of biofilms on the surface of
crowns in the oral cavity.

2. Since, the anatomy and crown sizes differ in
different brands. Prior measurement will allow for
the comparison of original sizes of crowns rather
than the numerical sizes mentioned in the crowns.

3. Ion release can be multifactorial so influence of
additional factors such as temperature, halogen
ions, and the chemical composition of artificial

saliva, should be investigated with regard to the
SSC.

CONCLUSION: In case of full mouth rehabilitation
where multiple crowns are required, according to this
study restoring up to 12 SSCs in an oral cavity will not
cause any toxicity. Although nickel and chromium
release from stainless steel crowns remains within safe
biological limits, variables such as pH level, crown
trimming, and individual sensitivity play crucial roles.
Dentists must consider the potential for allergic or toxic
effects, particularly in children with a high-carbohydrate
diet or a known history of metal sensitivity. Using
nickel-free alternatives and maintaining oral pH balance
could improve the biocompatibility and safety of SSCs
in pediatric dentistry.
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