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Urinary levels of nickel and chromium associated with
dental restoration by nickel–chromium based alloys

Bo Chen1,*, Gang Xia1,*, Xin-Ming Cao2, Jue Wang2, Bi-Yao Xu1, Pu Huang1, Yue Chen1,3 and Qing-Wu Jiang1

This paper aims to investigate if the dental restoration of nickel–chromium based alloy (Ni–Cr) leads to the enhanced excretions of Ni

and Cr in urine. Seven hundred and ninety-five patients in a dental hospital had single or multiple Ni–Cr alloy restoration recently and

198 controls were recruited to collect information on dental restoration by questionnaire and clinical examination. Urinary

concentrations of Ni and Cr from each subject were measure by graphite furnace atomic absorption spectrometry. Compared to the

control group, the urinary level of Ni was significantly higher in the patient group of ,1 month of the restoration duration, among which

higher Ni excretions were found in those with either a higher number of teeth replaced by dental alloys or a higher index of metal crown

not covered with the porcelain. Urinary levels of Cr were significantly higher in the three patient groups of ,1, 1 to ,3 and 3 to ,6

months, especially in those with a higher metal crown exposure index. Linear curve estimations showed better relationships between

urinary Ni and Cr in patients within 6-month groups. Our data suggested significant increased excretions of urinary Ni and Cr after

dental restoration. Potential short- and long-term effects of Ni–Cr alloy restoration need to be investigated.

International Journal of Oral Science (2013) 5, 44–48; doi:10.1038/ijos.2013.13; published online 12 April 2013

Keywords: dental restoration; nickel–chromium based alloys; population investigation; urinary chromium; urinary nickel

INTRODUCTION

Dental alloy restorations are widely used for fixed prosthodontics.

Cast gold alloy and ceramic materials are the most widely used restora-

tions in the developed countries, while base metal alloys and stainless-

steel crowns are commonly used in the developing countries.1 Metal

casting alloys, especially nickel (Ni) based alloys, have raised public

health concerns for their biocompatibility in the oral cavity. The term

biocompatibility in some aspects refers to the elemental ion release of

toxic metals from casting alloys, which is suspected to lead to some

adverse biological effects, such as cytotoxicity,2–3 genotoxicity4 and

allergy.5–6

A number of studies have investigated the amount of elemental ion

release from dental alloys both in vitro2,7–14 and in vivo.15–17 Ni-based

alloys often use nickel–chromium (Ni–Cr) based materials which con-

tain Ni between 60 % and 84 % (m/m), and Cr between 8 % and 26 %

(m/m).7 Release of both Ni and Cr from Ni–Cr alloy under simulated

oral conditions has been well described in vitro.8–10 However, there is

lack of toxicological and epidemiologic data on Ni release in vivo.15

Nickel is a known allergen. It has been reported that the prevalence

of Ni hypersensitivity is 8%–28% in females and 1%–5% in males in

Scandinavian populations.18 There has been no prevalence data so far

in China, but it has been found that Ni hypersensitivity is the leading

cause of contact dermatitis based on patch tests.19 The ion release of Ni

in the oral cavity is one of the suspected Ni exposures in the environ-

ment. There were few case reports of allergic reactions to intraoral

nickel.6,20 Sweden’s National Board of Health and Welfare has advised

that no dental material containing over 1% Ni should be placed into a

patient’s mouth.21

Long-term exposure to low levels of Ni and Cr may result in an accu-

mulation in the kidney and lead to renal dysfunction.22 In March 2009 in

China, a man 31 years of age claimed on the media that his 4-year history

of albuminuria and hematuria was probably associated with the Ni–Cr

alloy restoration placed 4 years ago, which caused a public outcry.23

Although there is no clear evidence for nephrotoxicity of dental alloy, this

event dramatically discouraged patients to have Ni–Cr alloys. Therefore,

there is an urgency to clarify the issues and the current study examined the

associations of Ni–Cr alloy restoration with elemental ion release and

renal dysfunction.

MATERIALS AND METHODS

Subjects

This study was conducted in the largest dental hospital and its county

branches in Shanghai between April and September, 2009. We con-

tacted over 2000 former patients who previously had Ni–Cr alloy

restoration, and invited them to participate in the current study.

Eight hundred and three patients visited the hospital after the invita-

tion (patient group). For comparison, we also recruited 85 visiting

outpatients and 113 hospital employees who had no history of alloy

restoration (control group). None of the study subjects had ortho-

dontic therapy and occupational exposure to Ni and Cr.

The participants completed a self-administered questionnaire which

covered the information on sex, age, height, weight, smoking, alcohol
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consumption and the dental restoration by metal alloy. Information on

the dental restoration by alloy for the patient group included times of

alloy therapies and when and where each therapy was conducted and

how many teeth were replaced by alloy. A clinical examination was

conducted to determine if the metal crown was fused to the porcelain.

This fusion, in some cases, was not performed very well in technique

and would lead to the direct exposure of metal surface to the saliva

environment and therefore was hypothesized to increase the ion

release. The surface area of metal crown uncovered with porcelain

was categorized into three groups: (i) less than 1/5 surface of one tooth;

(ii) 1/5 to 1/2 and (iii) higher than 1/2. An index of metal crown not

covered with the fused porcelain was measured by multiplying the

surface area (categorized group of 1, 2 or 3) and the number of teeth

replaced by Ni–Cr alloys.

Determination of Ni and Cr

Subjects provided urine and serum specimens for the measurements of

Ni and Cr levels as well as evaluating the renal function. Eight patients

did not provide serum samples, and this analysis was based on data

from 795 patients 198 controls who had complete information.

Spot urine sample of 50 mL was collected from each individual

using a polyethylene vessel which was soaked overnight in 3% nitric

acid and washed in clean water to confirm no background pollution of

heavy metals. After arrival at the laboratory, the samples were acidified

in 1% nitric acid except for those for creatinine measurements. Both

urine and serum samples were stored at 280 6C in polyethylene eppen-

dorf tubes.

The levels of Ni and Cr in urine were measured by graphite furnace

atomic absorption spectrometry with Zeeman background correction

(Perkin Elmer AAnalyst 800 spectrometer, Perkin Elmer, Waltham,

MA, USA). Determination of Ni was performed according to the

standard method of WS/T 44-1996 recommended by the China

Ministry of Health at the wavelength of 232.2 nm (WS/T 44-

1996).24 Determination of Cr was performed according to the stand-

ard method of WS/T 37-1996 at the wavelength of 357.9 nm (WS/T

37-1996).25 Calibration was performed with six samples of spiked

natural urine in the range of 0–250 mg?L21 Ni or Cr. For internal

quality control, spiked urine sample was measured repeatedly every

set of 20 samples, and the interday relative standard deviation was

limited to ,0.5% and the intraday relative standard deviation ,1%.

The limits of determination (LOD) were 1 mg?L21 for both Ni and Cr

in urine. Values below the LOD were set to 1/2 of the LOD. The

recoveries were 80%–105.7% for Ni and 95.8%–108.3% for Cr.

Statistical analyses

Urinary concentrations of Ni and Cr were ln-transformed. Student’s t

test, one-way analysis of variance were used to test differences in Ni

and Cr concentrations between the patient and control groups, and

the linear curve estimation was used to examine the association

between Ni–Cr alloy restoration and extra excretion of Ni and Cr in

urine. The covariates were set as follows: sex (male, female), age (,40,

40–52, 53–58 and o59 years), body mass index (,24.0, 24.0–27.9 and

o28.0 kg?m22), cigarette smoking (non-smoker, smoker) and alco-

hol drinking (non-drinker, drinker). All pooled subjects were quar-

tered at equal sample size by the age variable, and this classification was

used to compare the age difference between the patients and controls.

The classification of body mass index was according to the recom-

mendation of the Working Group on Obesity in China.26 All statistic

tests were two sided (a50.05) and performed by using SPSS10.0.

RESULTS

Table 1 showed the comparisons between study characteristics. The

patients were older, and were more likely to be a female or a non-

smoker compared with controls.

According to the duration of Ni–Cr alloy restoration, patients were

further grouped into five groups: ,1 month (205, 26%), 1 to ,3

months (128, 16%), 3 to ,6 months (130, 16%), 6 to ,12 months

(152, 19%) and o12 months (180, 23%). Over half of the patients

(449, 56%) had three or more teeth replaced by Ni–Cr alloys. Only 133

(17%) patients had the alloy fused well to the porcelain, over 1/3 (300,

38%) patients had metal crowns badly fused to the porcelain (index

level of o3), the others (362, 46%) had some crowns not covered with

the porcelain (index level of 1 or 2).

Figure 1 showed the urinary concentrations of Ni and Cr in asso-

ciation with the duration of alloy restoration. A significant increased

level of Ni in urine was only found in patient group of ,1 month

(87.75 mg?mol21 creatinine) compared to the control group

Table 1 A comparison of characteristics between patients with Ni–Cr

alloy restoration and controls

Number of patients (percentage/%)
P

Patient Control

Sex

Male 257 (32) 80 (40)

Female 538 (68) 118 (60) 0.032

Age/years

,40 166 (21) 78 (40)

40–52 189 (24) 56 (28)

53–58 214 (27) 45 (23)

o59 226 (28) 18 (9) ,0.001

Body mass index/(kg?m22)

,24.0 489 (62) 120 (61)

24.0–27.9 243 (31) 68 (34)

o28.0 61 (8) 10 (5) 0.322

Cigarette smoking

Non-smoker 696 (88) 157 (79)

Smoker 98 (12) 41 (21) 0.002

Alcohol drinking

Non-drinker 695 (87) 168 (85)

Drinker 100 (13) 30 (15) 0.198

Cr, chromium; Ni, nickel.

P < 0.001
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Figure 1 Urinary levels of Ni and Cr in association with the duration of Ni–Cr

alloy restoration. Data were shown as geometric mean and 25%–75% interquar-

tile range. Cr, chromium; Ni, nickel.
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(54.48 mg?mol21 creatinine) (P,0.001). Significant increased levels of

urinary Cr were found in three patient groups of ,1 month

(63.80 mg?mol21 creatinine), 1 to ,3 months (62.93 mg?mol21 crea-

tinine) and 3 to ,6 months (57.62 mg?mol21 creatinine) compared to

the control group (43.83 mg?mol21 creatinine) (P,0.05).

Figure 2 shows the levels of urinary Ni and Cr in association with

the number of tooth replaced by Ni–Cr alloy and the index of metal

crown not covered with the porcelain. In the patient group of

,1 month of the restoration duration (n5205), Ni excretions in urine

were significantly higher in those who had more teeth replaced by the

Ni–Cr alloys (o3: 103.20 mg?mol21 creatinine; ,3: 70.73 mg?mol21

creatinine; P50.019) or in those who had higher index of metal crown

not covered with the porcelain (o3: 118.37 mg?mol21 creatinine; ,3:

73.02 mg?mol21 creatinine; P50.012). In the pooled patient group of

,6 months of restoration duration (,1, 1 to ,3 and 3 to ,6 months,

total number of patients was 463), Cr excretions in urine were signifi-

cantly higher in those who had higher index of metal crown not

covered with the porcelain (o3: 74.96 mg?mol21 creatinine; ,3:

56.08 mg?mol21 creatinine; P50.012).

Figure 3 presents linear curve estimations for the relationship

between urinary Ni and Cr. There were stronger relationships between

Ni and Cr concentrations in those patient groups of ,6 months com-

paring to the other patient groups or the control group. The Ni–Cr

correlation was most pronounced in the patient group of ,1 month,

although the value of R2 was only 0.101 (slope: 0.37, P,0.001).

DISCUSSION

Our data demonstrated that there were enhanced urine excretions of

Ni and Cr after Ni–Cr alloy restoration. The release of metal ions from

dental alloys has been demonstrated in vitro.2,7–14,27 A significant Ni

release has been shown in both cell culture system12,14 and artificial

saliva system,7–8 and can cause cellular function damage and the

decrease of cell viability in fibroblasts.2,28 The amount of Ni release

is generally higher for Ni–Cr alloys compared with that for other

alloys.1,8 Cr release has also been reported in association with Ni–Cr

alloy, but in a less degree.8,13

Although ion release from dental materials is evident in vitro, study

results are rare and conflicting in vivo.15–17 After replacement of ortho-

dontic appliances, Bishara et al.17 did not found any significant change

in serum Ni and Cr in 31 patients in 2 or 4–5 months later, while

Menezes et al.16 reported a significantly increased urinary level of Ni in

21 patients 2 months later. For Ni-based restorative alloys, patients

undergoing Ni–Cr replacement 1 year ago had a higher level of serum

Ni than that of controls.15 Other Ni-based implants have also demon-

strated significantly increased Ni concentrations in body fluids after

the implantation, such as hip prostheses,29 cardiac device,30 spinal

instrumentation31 and tungsten alloy.32

People may believe that the amount of Ni release from dental alloys

is likely to be less as compared with that from dietary intake. There are

no data of daily dietary intake of Ni in China. Ni intake from the

Danish diet was estimated to be 150 mg?d21 on average,33 and that

from the England diet to be 1.49–1.63 mg?kg21?d21 in adults,34 which

tend to be higher than the amount of Ni or Cr release from dental

alloys in most in vitro studies. Wataha et al.14 reported that the total

amount of Ni release from a Ni–Cr alloy was among the lowest at

about 6 mg?cm22 after immersing different casting alloys into cell

culture medium over 10 months. However, Ni release in the cell cul-

ture medium may underrate the situation, as also by Wataha et al.,12

Ni–Cr alloy released above 22 mg?cm22 of Ni in 0.85% sodium

chloride (NaCl) solution for 7 days immersion, but less than

1 mg?cm22 in culture medium. Also in sodium chloride solution,

Elshahawy et al.1 reported even higher Ni release of 220 mg?cm22 for

7 days from Ni–Cr alloy. Ni release from artificial saliva was similar to

that from saline solution, as Lopez-Alias et al.8 reported that a beryl-

lium-containing Ni-based alloy released 5.22 mg?cm22?d21 of Ni. This

rate of ion release, according to Lopez-Alias et al., would lead to 50%

of the upper tolerable intake level (1 000 mg?d21) in the worst scenario

in which a subject had all 32 teeth covered by full metal crowns.8

Therefore, Ni exposure from Ni–Cr alloy might be at the same level

of dietary intake or even more, which could lead to an enhanced

excretion of urinary Ni.

Our data also showed an enhanced Cr excretion in urine, suggesting

that Cr release from dental restoration might be an important expo-

sure source. Previous studies have shown that Cr release from Ni–Cr

alloy is much lower than Ni release.1,8 One study found that Ni release

was 220 mg?cm22 after 7 days immersion into the saline solution, but

Cr release was only 0.2 mg?cm22 (ref. 1). Another study demonstrated
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that Cr release was about half of the amount of Ni release when

immersing orthodontic appliances into acidiferous water.13 The

amount of ion release is likely related to the compositions of different

metals. In our study, although all patients had Ni–Cr alloys, there was a

lack of detail information on metal compositions.

Another important finding of our study is that both Ni and Cr

excretions in urine were temporarily associated with dental restora-

tion. This might be explained by temporary releases of Ni and Cr from

the alloys, which had been demonstrated in some in vitro26 and in vivo

studies.35 Barrett et al26 demonstrate in an in vitro study that Ni release

from orthodontic appliances of nickel–titanium (Ni–Ti) and stainless

steel increased over the first week then diminished over time, and that

Cr release increased during the first 2 weeks and leveled off in the

subsequent 2 weeks. Sample saliva from patients fitted with fixed

orthodontic appliances revealed a significant initial increase in Ni

release within the first three weeks then diminished over time.34

Similar results were obtained in an investigation of 50 patients

wearing Ni–Cr or Ni–Cr–Ti alloys, with increased but not significant

concentrations of Ni at the first week but went back in 3 months or

6 months.36 The prolonged Ni or Cr release in vivo than in vitro might

be related to the sanitary habits such as tooth brushing and mouth

rinsing.

One more detail that should also be noted is that the significant

association between Ni and Cr concentrations with 1 month as shown

in Figure 3 had low value of R square, which althought became the

highest value than those R sequares from the associations in other time

groups. This might indicate two facts. One is that the co-exposure to

Ni and Cr after the dental restoration could be at a relatively low level.

The other is that both Ni and Cr excretions in urine might have other

explanations such as dietary exposure. However, this low level of co-

exposure can not be beyond a reasonable doubt that Ni and Cr expo-

sure from dental restoration should be concerned. As mentioned

above, the release of Ni and Cr after the alloy replacement could be

happened at different times. Cr release was more prolonged that the Ni

release. The low level of co-exposure might simply indicate that the

asynchronous release.

The present study had several shortcomings. Firstly, we did not

investigate the dietary intake of Ni or Cr from participants.

However, we could assume that patients and controls were compa-

rable. Secondly, frying ferrum or Ni pan is commonly used in Chinese

families, but most participants were not aware the types of their frying

pans. Thirdly, we had no information on the compositions of Ni and

Cr for alloys that patients wear.

The biological effect of a temporary systemic increase in Ni and Cr

levels in human is unknown. Although literature reported some cases

of Ni hypersentivity in patients undergoing Ni–Cr restoration, only

few cases in this study reported black lines on the gums (13 cases) or

pulpitis (1 case). It should also be noticed that even if Ni–Cr alloy

restoration will lead to the extra exposure to Ni and Cr, the levels are

not sufficient to cause alarm (the geometric means of urinary Ni and

Cr in this study were lower than some reports in China37–38).

However, further studies need to confirm our findings and determin-

ate the implications of these findings.

CONCLUSIONS

This study investigated whether urinary levels of Ni and Cr were

associated with the dental restoration of Ni–Cr alloys. The temporary

increased level of Ni in urine was limited to within 1 month, and

temporary increased level of Cr in urine was limited to within 6

months. These temporary increased levels of metals after Ni–Cr

restoration were associated with the number of restorative alloys

and the level of metal crown not covered with the porcelain. This is

the first time according to our knowledge that a large sample size

population investigation showed that the Ni–Cr alloy restoration

may become an important source of Ni and Cr exposure. The potential

short- and long-term effects of the Ni and Cr exposure after dental

restoration need to be investigated.
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