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No effort has been made to define nickel magnitude from stainless steel crowns in oral environment. 

Nickel ions released in sufficient quantities from nickel-containing alloys may induce nickel 

sensitization or elicit allergic contact dermatitis. In this work nickel ion release from stainless steel 

crowns in artificial saliva at different days and pH’s has been investigated which is used in pediatric 

dentistry. Totally 120 stainless steel crowns for primary teeth were immersed to artificial saliva in this 

study. Nickel in aqueous solutions was determined by square wave voltammetry, using 

dimethylglyoxime as a complexion agent on mercury electrode. The study revealed that nickel ion 

release was decreased with increasing pH. Furthermore nickel releasing ratio was decreased in all time 

periods. Results showed that metal ions released in this experimental condition were well below the 

critical value to induce allergy and below daily dietary intake level. 
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1. INTRODUCTION 

The preformed metal crowns, more commonly known as the stainless steel crowns (SSCs) were 

introduced to pediatric dentistry in 1950 [1]. Since that time, SSCs have become an invaluable 

restorative technique for the treatment of badly broken down primary teeth. The SSCs are extremely 

durable, relatively inexpensive, subject to minimal technique sensitivity during placement and offers 
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the advantage of full coronal coverage [2]. Their main disadvantages are periodontal problems, 

aesthetic concerns and adverse reactions related to ion release [3]. 

Major constituents of SSCs are nickel and chromium [2]. The potential health effects from 

exposure to nickel and chromium and their compounds have been scrutinized for more than 100 years, 

and it was established that this metals could cause allergy [4-11] dermatitis [5,12] and asthma [13]. 

Most causes for nickel allergies have been attributed to dermatologic exposures to these metals 

or compounds containing metals [7]. Orthodontic appliances have also been found to produce reactions 

of hypersensitivity [8]. SSCs which contain 9%-12% nickel are similar to many orthodontic bands and 

wires [2].  

In recent years, modern electroanalytical techniques, especially square wave voltammetry 

(SWV) which improve sensitivity and selectivity have promoted the development of many 

electrochemical methods for ultra-traces measurements of a variety of organic and inorganic species. 

Polarography and voltammetry at mercury electrode is often used for determination of trace nickel. In 

these methods, nickel is determined on the mercury electrode in the form of Ni (II) complexes and 

analytical signal is obtained as a results reduction of the complex [14-18].  

In this work it has been investigated nickel ion release from SSCs in artificial saliva at different 

days and pH’s which used in pediatric dentistry.  

 

 

 

2. EXPERIMENTAL 

Prefabricated same typed and same sized totally 120 SSCs (3M Dental Prouducts, USA) for 

primary teeth were immersed to artificial saliva (0.4 g NaCl, 1.21 g KCl 1 g urea and 1000 ml distilled 

water) in this study.  Prior to the experiment, crowns were cleaned ultrasonically in a solution of 50 % 

v/v acetone and 50 % v/v ethanol. For each immersion test condition five stainless steel crowns were 

used. The SSCs were placed in separate acid-rinsed polyethylene bottles containing 5 ml artificial 

saliva at pH 2.50, 3.75, 5.00, and 6.25. pH values of all the saliva samples it has been adjusted by 

concentrated NaOH and HCl. The immersion periods included 1, 3, 7, 14, 21 and 28 days.   

All dilutions and sample preparation were made using deionized water. Tartarate buffer (0.1 M) 

was prepared by mixing the corresponding amounts of tartaric acid and NaOH solution. A 

dimethylglyoxime (DMG) solution (0.1 M) was prepared by dissolving an appropriate amount in 

absolute ethanol. Sodium nitrite (5 M) was prepared by dissolving a corresponding amount of the salt 

in deionized water. DMG and sodioum nitrite were obtained of analytical grade from Merck product. 

A nickel standard stock solution (0.1 M) was prepared from Merck product and diluted as required.

 The voltammetric experiments were carried out using a computer controlled electroanalysis 

system (Metrohm 757 VA Computrace Electrochemical Analyser). A three electrode combination 

system was used. This consisted of a Multi Mode Electrode (DME, SMDE and HMDE), an Ag/AgCl 

reference electrode and a Pt wire auxiliary electrode. All measurements were carried out at room 

temperature. Voltammetric parameters were selected as equilibrium time 5 s, purge time 300 s, 

potential step 4 mV, pulse height 50 mV, and scan rate 200 mV/s. 
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A Jenway 3040 model ion analyser was used to monitor the pH of buffer solutions in the range 

of 2-12, standardised with pH 7.00 stock buffer and pH 4.00 stock buffer solution. 

The solutions were purged with purified clean dry nitrogen for five minutes prior to the 

experiments in order to remove dissolved oxygen from the media and blanketed thereafter.  

Tartarate buffer solution at pH 9.00 value was used as supporting electrolyte at voltammetric 

studies. 500 μl sodium nitrite and 100 μl sample were added to 10 mL electrolyte at pH 9.50 value. A 

SWV voltammograms were obtained following the passing of nitrogen for 300 s. It has been used 

standard addition method for determination of the nickel in artificial saliva. 

 

 

 

3. RESULTS AND DISCUSSION 

Determination of nickel in the presence of DMG is usually carried out in the presence of 

tartarete buffer. Sodium tartarate and tartaric acid was used as a main component of the supporting 

electrolyte. Preliminary experiment shows that the presence of nitrite is necessary for enhancement of 

the nickel voltammetric peak. Nickel in aqueous solutions can be determined by square wave 

voltammetry, using DMG as a complexing agent on mercury electrode.  In tartarate buffer solution pH 

9.00 was used as supporting electrolyte. Catalytic effect of nitrite ions on the current of Ni (II) - DMG 

complex provides a significant enhancement of the voltammetric response and consequently a 

considerable decrease of the detection limit of the nickel. In the similar studies nitrite ions  are usually 

used in high concentration ranging from 0.1 to 0.5 M and in the presence of nickel as impurity in this 

reagent is the reason for the high blank. [19,20]. The SWV voltammograms for the nickel-DMG-nitrite 

system in tartarate buffer are presented in Figure 1. 
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Figure 1. SWV voltammograms of the nickel-DMG at tartarate buffer pH 9.00 for 14 th day (a blanck, 

b sample, c +100 μl Ni, d +200 μl Ni, e+300 μl Ni) 
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The calibration graph for SWV voltammograms was linear as shown in Figure 2.  Calibration 

equation was calculated as y=4.11.10
-8

 + 6.97.10
-9

C (ppm) at pH 6.75. The linear correlation 

coefficient was r = 0.9761 (Figure 2). At all the experiments results the linear correlation coefficient 

has been found approximately as r>0.97. 
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Figure 2 .Peak current of the nickel dependent on the concentration for 14th day (C= ppm). 
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Figure 3. Concentration of the nickel in the solution dependent on the pH at different days 
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Figure 4. Concentration of the nickel in the solution dependent on the days at different pHs 

 

For SSCs, nickel concentrations were investigated dependent on different pH and days.  

Concentrations of Ni (II) dependent on different pH and days are given in Figure 3 and 4. As shown in 

figures, the nickel concentrations in the solutions media change with pH. Especially, concentration of 

Ni (II) decreased with increasing of pH in all time periods. Because, nickel alloys are soluble in acidic 

media, this situation is usually expected for all the metals in acidic media.  
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Also, nickel concentration at the different pH values increased with time. In a previous study 

which aimed to determine nickel ion release was obtained similar results [21].   

The study revealed that nickel ion release was decreased with increasing pH. Furthermore 

nickel ion  releasing ratio was decreased in all time periods.  

The most common metals or alloys used in dentistry are stainless steel and titanium, as their 

mechanical and physical properties make them suitable materials. However a major potential 

disadvantage of these materials is in vivo corrosion [22]. Even though the protective oxide film exists 

on the metal containing materials, metal ions can still be released from dental alloys in oral cavity 

through corrosion processes [21]. The release of metal ions from dental materials may have adverse 

biological effects such as allergy [4-11] dermatitis [5,12] and asthma [13], depending on the ion 

species and its concentration.  

Symptoms of allergic reactions of dental alloys have included severely inflamed hyperplastic 

gingival tissue surrounding crowns fabricated from a nickel-containing alloy [9], alveolar bone loss 

from a similar crown [10] and edema of throat, plate and gums [11].  

Despite the widespread use of SSCs, there has been only one study in the literature that 

evaluated the relationship nickel sensitivity and SSCs restorations [23]. In this study Feasby et al. 

concluded that children with nickel-containing intra oral devices tends to demonstrate a higher positive 

patch test rate[23]. 

As reported in the studies, the critical concentration and daily dietary intake level of nickel ion 

was given as 600-2500 µg [24] and 300-500 µg respectively [25]. In the present study as seen in 

Figure 3 and 4 released nickel ion concentration level in artificial saliva was found below 4 µg/ml in 

all pH and time periods. It is well known that the pH of the secreted saliva is approximately 6 in 

normal conditions. Results showed that metal ions released in this experimental condition were well 

below the critical value to induce allergy and below daily dietary intake level. Therefore it is 

concluded that the quantities of metal ions released in the experimental conditions should not be 

caused for concern in utilizing the SSCs.  

 

 

4. CONCLUSIONS 

 

In this present study  nickel ion release from SSCs in artificial saliva at different days and pH’s 

has been investigated which is used in pediatric dentistry. Totally 120 stainless steel crowns for 

primary teeth were studied. Nickel in aqueous solutions was determined by square wave voltammetry, 

using dimethylglyoxime as a complexion agent on mercury electrode. Results showed that metal ions 

released in this experimental condition were well below the critical value to induce allergy and below 

daily dietary intake level. 
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