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Abstract 
 

Background 

Knowledge about the required duration of exposure for elicitation of allergic nickel 

dermatitis in nickel allergic individuals is limited. However, it often has been proposed that 

short skin contact is safe. 

 

Objective 

To examine whether repeated skin contact with nickel over short time periods (3 x 10 

minutes) can elicit allergic nickel dermatitis. 

 

Methods 

Sixteen nickel allergic adults and 10 control subjects were exposed to, respectively, nickel 

and aluminium containing discs on each volar forearm and on each earlobe for 3 x 10 

minutes. One arm was pretreated for 24 hours with 0.5% sodium lauryl sulfate (SLS) under 

occlusion before exposure. One aluminium- and one nickel exposure site were clinically 

evaluated and blood flow was measured with laser Doppler flowmetry at day 2 (D2) and D4. 

 

Results 

Ten of 16 (62.5%) nickel allergic participants developed allergic nickel dermatitis on SLS 

pretreated arm skin and 3/16 (18.8%) on normal skin on the earlobe. On the SLS pretreated 

arms of nickel allergic participants, blood flow increased significantly more on the nickel 

exposed skin compared with the aluminium exposed skin on D2 and D4. No change in 

clinical reactivity or blood flow was found on normal forearm skin in nickel allergic 

participants or on any skin in control subjects. 

 

Conclusions 

This experimental study showed that relatively short repeated skin contact (3 x 10 minutes) 

with metallic nickel elicits allergic nickel dermatitis in irritated skin and at sites with previous 

dermatitis. The results support the restrictions in current nickel regulation. 
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Introduction 

Skin contact with nickel releasing items can lead to nickel allergy and dermatitis if the 

duration of exposure is sufficient. Due to a high prevalence of nickel allergy in Europe, nickel 

release from some consumer items became regulated in European Union (EU) member 

countries in year 2000. Since then, the prevalence of nickel allergy has been reduced in 

some EU countries, but nickel is still the leading cause of contact allergy (1). The regulation 

stated that items intended for `direct and prolonged contact with the skin´ were included, 

although no exact duration of exposure was determined. In 2014  `prolonged contact with 

the skin´ was defined by the European Chemicals Agency (ECHA) as being `more than either 

10 minutes on at least three occasions, or 30 minutes on minimum one occasion within a 

period of two weeks´ (2). Although it is well accepted that long term skin contact can cause 

nickel allergy and dermatitis, the significance of relatively short and repeated nickel 

exposure in relation to induction and elicitation of nickel allergy has been less explored. 

 

To evaluate the regulatory protection against nickel allergy and dermatitis in the EU, 

improved understanding of the association between short repeated skin contact and nickel 

allergy and dermatitis is needed. We examined whether relatively short skin contact (3 x 10 

minutes) with metallic nickel has the potential to elicit allergic nickel dermatitis on normal 

and irritated skin in nickel allergic individuals.  

 

Materials and methods 

Study population 

We enrolled 16 current nickel allergic adult participants and 10 control subjects with no 

history of contact allergy. The median age of the nickel allergic participants (13 women and 

3 men) was 55.5 years (interquartile range (IQR): 44-63.5) and of the control subjects (9 

women and 1 man) 34.0 years (IQR: 25-58). Nickel allergic participants had previously been 

diagnosed by patch testing with nickel sulfate 5% pet. (Trolab, Smartpractice-Almirall 

Hermal, Reinbek, Germany) in Finn Chambers® in the time period 2015-2017 at the 

Department of Dermatology and Allergy, Herlev and Gentofte Hospital. Exclusion criteria for 

all participants were active dermatitis, scar tissue or tattoos on exposure areas, generalized 

dermatitis, pregnancy, breast feeding, treatment with topical corticosteroids or other 

topical immunosuppressants on/near exposure areas, or use of systemic 

immunomodulatory treatment within four weeks, extensive exposure to ultraviolet light 

within three weeks (solarium, sunbathing) and participation in other clinical studies within 

four weeks. Recruitment followed approval from the local ethics committee (H-16050296) 

and the Danish Data Protection Agency. All participants gave written informed consent 

before study start. The study was registered at ClinicalTrials.gov (NCT03309215).  
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Restrictions 

During the study period, showers and use of emollients in the skin areas undergoing 

exposure were not allowed. Participants were not allowed to eat, drink coffee or tea, smoke 

or do physical exercise for 2 hours before blood flow measurements, or to use analgesics 24 

hours before blood flow measurements. 

 

Metallic discs and preparation 

Metallic discs used in the study were composed of >99 wt.% nickel and >99 wt.% aluminium 
(active and negative control discs), respectively, and manufactured by the Technical 
University of Denmark, Kgs Lyngby, Denmark. The metallic discs had a diameter of 3 cm 
(7.02 cm2) (back and forearm exposure) and 1 cm (0.79 cm2) (earlobe exposure). In total, 90 
metallic discs were used in the study, and the discs were re-used for the participants. Nickel 
release under various conditions was quantified and will be reported separately (manuscript 
in preparation). To enable reproducible exposure conditions, one side of all discs was 
prepared in the same manner one day before use. See supporting information.  

 

Exposure area 

Four exposure areas of 3.5 x 3.5 cm2 on the mid volar forearms were marked (Richard-Allan® 

Regular Tip Skin Marker; Aspen Surgical, Caledonia, MI, USA). The exposure areas on the 

arms were `mirrored´ and the set-up was identical in all participants (Fig. 1). The exposure 

areas were slightly adjusted if a local nevus, large vein or hematoma was present. On the 

earlobes, the metallic discs were placed centrally and no marking of the skin was made (Fig. 

1, Supplementary). Only the most distal aluminium and nickel area (3 and 4) of each arm 

were used for the repeated evaluation of clinical reactivity and blood flow on all study days. 

The other exposure areas were used to measure nickel penetration over time, and will be 

presented elsewhere (manuscript in preparation). 

 

Pretreatment with sodium lauryl sulfate (SLS) 

A solution of high purity sodium lauryl sulfate (SLS) (99% purity SLS, Sigma-Aldrich, St. Louis, 

Missouri, United States) was prepared in distilled water to a concentration of 0.5% (w/v). 

200 μl of the solution was applied on a filter paper disc and fitted into an extra-large (18 mm 

Ø) Finn chamber®on Scanpor® Tape (Smartpractice, Phoenix, AZ, USA), as recommended (3). 

Four chambers were applied to one randomized forearm within one minute after 

preparation (4), and occlusive pretreatment was performed during 24 hours. The SLS 

solution was stored in a refrigerator at 4C between use (4). 
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Pilot study 

A pilot study with three nickel allergic participants preceded the study. The main purpose 

was to test the logistics and suitability of equipment and procedures, resulting in changes of 

the protocol:  method for preparation of discs was changed, points for blood flow 

measurements were chosen differently, and assessments on day 5 (D5) were moved to D4. 

More information is found in supporting material. 

 

Experimental study design 

The experimental study ran over 12 weeks; the pilot study ran in June 2017 and the main 

study from September to December 2017. For each participant, the study ran over four 

study days (Fig. 2) and was conducted at a laboratory and an adjacent exposure chamber 

located at Department of Dermatology and Allergy at Herlev and Gentofte Hospital.  

 

On D0, the four exposure areas on one arm was marked and pretreated with SLS under 

occlusion (Fig.1). To verify nickel allergy status in all participants, patch testing on the back 

with nickel sulfate 5% pet. (Trolab, Smartpractice-Almirall Hermal, Reinbek, Germany) in 

Finn chambers® was conducted. In addition, one prepared nickel and aluminium metallic 

disc was fastened with Scanpor® tape on the back. Participants were asked about previous 

history of dermatitis on exposure sites and skin diseases in general. 

 

 

On D1, the patches with SLS were removed, and the irritant reactions in two areas (3 and 4) 

were evaluated. The blood flow in the same two areas on the SLS pretreated arm, the 

corresponding two areas on the arm with normal skin and on skin of both earlobes was 

measured (Fig.1) (baseline). On D1 the participants were acclimatized for 30 minutes in an 

exposure chamber with a temperature at 29.2±0.69 °C (range 28.8-29.4 °C) prior to 

stimulation with metallic discs, and all metallic disc exposures were performed in the 

chamber. The exposure chamber (2.1 m x 2.2 m x 2.3 m), usually used for investigation of 

airborne allergic reactions, was supplied with fresh air at 0.5 exchange rates/h and ambient 

humidity for the season. Three nickel discs and one aluminium disc were placed centrally in 

the four pre-marked exposure areas on each arm. Further, one metallic disc with nickel and 

one with aluminium were randomly placed centrally on each earlobe. The discs were 

applied in intervals of 10 minutes repeated 2 times with 10 minute breaks, thereby being in 

accordance with ECHA´s definition of prolonged contact (2). To simulate real life contact 

with metallic nickel on both arms and earlobes, friction was created by rotating the metallic 

discs 90 degrees forth and back two times without lifting the discs from the skin. All discs 
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were applied by the same investigator (M.G.A.), fastened with Scanpor® tape and left in 

place for 10 minutes. Separate newly prepared discs were used for the three applications at 

each exposure area.  

 

On the following study days D2 and D4 (24 and 72 hours after metallic disc exposure, 

respectively), clinical evaluation and blood flow measurements were made at the same 

exposure areas (3 and 4) as on D1 (Fig. 1). The temperature during measurements of blood 

flow on D1, D2 and D4 was kept constant at a mean 23.9 ±0.78 °C (range 23.3-24.2 °C). The 

area of patch test and metallic discs on the back were removed D2 and the clinical 

evaluations were made at D2 and D4. 

 

Clinical evaluation 

To identify small changes in the exposed forearm skin (irritant and allergic), the exposure 

areas were evaluated by using the modified International Contact Dermatitis Research 

Group (ICDRG) criteria (5). Reactions on earlobes were evaluated as being present/not 

present. All exposure sites were read by M.G.A. and photos of all exposure sites were 

subsequently reviewed in a blinded manner by T.M. The clinical evaluation was made and 

photos were taken 45 minutes to one hour after removal of SLS chambers on D1 (Baseline). 

Test reactions on the back were photographed and evaluated according to the regular 

ICDRG criteria approximately 10 minutes after removal of the chamber and discs (6).  

 

Skin blood flow measurements  

For a quantitative assessment of inflammation, skin blood flow was measured using laser 

Doppler flowmetry (MoorVMS-LDF1, Moow Instruments Ltd, UK). Prior to the 

measurements, the participants were instructed to rest for 15 minutes in the same position 

that the measurements were taken, sitting with the exposure area of the forearms at heart 

level (7). During the measurements, participants were asked not to move or talk, and to 

breathe normally. To secure the same measurement points over the study period, we used 

a template marking the two most peripheral points corresponding to the area exposed to 

metallic discs on an imaginary horizontal line through the test centre. Three consecutive 

measurements of approximately 20 seconds were performed; one in the center of the 

exposure area, and one on either side mid-way between the center and the two marked 

peripheral points. For the earlobes, three consecutive measurements of approximately 20 

seconds were made at the central exposure area. 
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Statistics 

For the statistical analyses, the clinical evaluation scores were transformed to numerical 

values as follows: ÷ = 0, (+) = 0.5, + = 1.0, + (+) = 1.5, ++ = 2.0, ++ (+) = 2.5, +++ = 3.0 (8). For 

analysis of blood flow measurements, the mean of a steady state region of interest of each 

of the 3 consecutive measurements was used (7). For monitoring change of the blood flow 

at one exposure area over time, the baseline values (after SLS occlusion and before 

nickel/aluminium exposure D1) were subtracted from the values at the two different 

evaluation time points (D2 and D4). The resulting blood flow changes at D2 and D4 for the 

respective exposure area (SLS/nonSLS, nickel/aluminium) were added for the nickel allergic 

group and the control group respectively. The paired T-test was used to compare the 

change in blood flow between the nickel and the aluminium exposure area. The same 

method was used for the numerical values from the clinical evaluation. A positive allergic 

reaction was defined as a greater increase in the clinical evaluation score at the nickel area 

compared with the aluminium area at the respective measurement day. Normality 

assumptions for the paired T-test were fulfilled. Power analysis to determine appropriate 

sample size was done aiming for 80% power and a significance of 5%. Study data were collected 

and managed using REDCap electronic data capture tools (9). All statistical analysis were 

made in SAS, Version 9.4 for Windows (SAS Institute Ics., Cary, NC, USA) and graphs with 

GRAPHPAD PRISM version 6.07 for Windows (GraphPad Software, La Jolla, CA, USA).  

 

Results 

All 26 included participants completed all study days. One nickel allergic participant was 

excluded from the analyses of the arms at D4 because she developed dermatitis with 

suspected superinfection at the nickel exposure areas of the SLS pretreated arm which 

impeded further evaluation. Study population characteristics for each participant are shown 

in Table 1. Previous and current nickel patch test reactivity in the nickel allergic participants 

can be found in Supplementary Table 1. 

 

Ten of 16 nickel allergic participants (62.5%) (95% CI: 38.6%-81.5%) developed allergic nickel 

dermatitis on the SLS pretreated skin and none on normal skin of the arms. For the nickel 

allergic participants, the overall increase in clinical reactivity on the SLS pretreated skin from 

baseline to the two measurement days (D2, D4) was significantly higher at the nickel 

compared with the aluminium exposure area (Figure 3A). The blood flow increased with 

42.0 Tissue Perfusion Units (TPU) more at nickel compared with aluminium exposed SLS 

pretreated skin at D2 and with 50.2 TPU at D4 for nickel allergic participants (Table 2) ( 

Figure 3B). A small but significant increase in blood flow at the nickel compared with the 

aluminium exposure site was seen in normal skin of nickel allergic participants from baseline 

to D2, but not to D4 (Table 2).  
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Three of 16 nickel allergic participants (18.8%) (95% CI: 6.6%-43.0%) reacted to metallic 

nickel on the earlobe, one of them at D4 and the other two after the last study day, namely 

at D5. The two allergic reactions that occurred on D5 were assessed by a description of the 

reaction and a verifying photo received from the nickel allergic participants. There was no 

change in blood flow in earlobes at the nickel site compared with aluminium site for nickel 

allergic participants at any time point compared with baseline. The three nickel allergic 

participants with earlobe reactions in this study (no. 4, 7 and 15) had reported previous 

earlobe dermatitis. Two of them reported a history of hand dermatitis and one of atopic 

dermatitis (Table 1) (Table S2).  

 

No allergic reactions or blood flow changes were seen in the control subjects (Table 2). Key 

results of the study presented for each individual are found in Supplementary Table 2. 

Photos of the exposure areas of one nickel allergic participant and one control subject over 

the study period can be found in Fig. 4. 

 

Discussion 

In this experimental study, we found that relatively short repeated skin contact with 

metallic nickel (3 x 10 minutes) caused allergic nickel dermatitis in irritated skin in the 

majority (62.5%) of nickel allergic participants. This finding was supported by a statistically 

significant blood flow increase both one and three days after exposure to nickel compared 

with aluminium, and in the absence of clinical reactivity in non-nickel allergic controls. 

Further, we showed that some the of nickel allergic participants (3/16) developed dermatitis 

on earlobe skin after nickel exposure.  

 

We created a theoretical worst case scenario for provocation of allergic nickel dermatitis: 

irritated skin (10,11), restriction of shower and emollients, slightly elevated ambient 

temperature (12,13), pure nickel discs with newly prepared and untouched surfaces 

manually applied with friction and pressure (14). Although these conditions are presumed to 

increase the risk of elicitation, they are not far from the real-life setting. Irritated skin is 

common in the general population, demonstrated recently by a lifetime prevalence of itchy 

skin rash and contact dermatitis in 52.3% and 15.5%, respectively (15). Also, pressure and 

friction is common during skin contact with metallic items. A strength of the present study is 

that the set-up was controlled and reproducible; metallic discs had equal surface properties, 

the temperature during exposures and measurements was uniform, all exposures and 

assessments were made by the same investigator and all photos of the exposure areas were 

subsequently evaluated by a blinded investigator (TM).  
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The elicitation potential of short nickel skin contact has rarely been studied. Most studies on 

short repeated nickel exposure are repeated open application test studies. Fischer et al 

found that repeated low-dose nickel exposure may be a more potent trigger of allergic 

nickel dermatitis compared with less frequent exposure to a higher single dose (16,17). The 

exposures in the present study may more accurately represent most real-life exposures with 

nickel, as we used metallic nickel instead of nickel solution, and included factors such as 

pressure and friction. Also, exposures were made in an exposure chamber with a 

temperature resembling an average Mediterranean mid-summer day. Remarkable 

differences in the prevalence of nickel allergy have consistently been demonstrated 

between EU countries (1). Several factors affecting the exposure to nickel are likely to 

contribute to the differences. Among them are fashion and compliance with the nickel 

restriction (18), and possibly ambient temperature (13). 

 

The fact that we found enhanced clinical reactivity to nickel only on irritated skin in nickel 

allergic participants and on skin with previous earlobe dermatitis (suggestive of allergic 

nickel dermatitis)  is consistent with the current literature in the field. The elicitation 

threshold by a single occlusive nickel exposure on skin with a defect barrier has generally 

been found to be reduced compared with an intact barrier (10,19). Further, skin sites with 

previous allergic nickel dermatitis have been shown to have a local allergen-specific memory 

and a reduced threshold for elicitation of dermatitis  (5,20,21). The results of this study are 

in line with our previous finding, that nickel allergic individuals report dermatitis after 

relatively short direct contact with metallic items (21.4% after 10 minutes of contact) (22). 

Moreover, the increased occurrence of nickel dermatitis in atopic dermatitis patients may 

point to the effect of an irritated and impaired skin barrier (23). 

 

Weaknesses of the study include: 1) No standardization of the pressure on the discs, 2) The 

blood flow measurement points were only marked periphery on the skin, which increase the 

risk that measurements were not made on exactly the same 3 points over the study days. 

Using the mean of three measurements reduces the uncertainty regarding this factor, 3) No 

blinding could be done for the metallic disc exposures, clinical evaluations and blood flow 

measurements, as the same exposure pattern was used for all participants to avoid 

confusion, 4) One could argue that the non-acceptance of emollients and water on exposure 

areas is far from the real-life setting. However, this was a compromise to produce a worst 

case scenario, to meet the aim being to study the potential of relatively short repeated 

nickel exposure. 
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In the present study, we wanted to examine whether relatively short repeated nickel 

contact can elicit allergic nickel dermatitis. The duration of the exposures fulfilled the 

definition of prolonged contact according to ECHA, in an attempt to enhance protection by 

the nickel regulation. In real life, skin contact with metallic items can be located to sites with 

previous irritant or allergic contact dermatitis, which may be more susceptible to short time 

nickel contact. From the results we conclude, that in skin with low grade dermatitis, or 

previous dermatitis, relatively short skin contact with nickel, can be sufficient to elicit 

allergic nickel dermatitis. The results may be valuable for nickel allergic individuals and 

dermatologists in order to evaluate the possible risk of allergic nickel dermatitis after short 

contact with metallic items. From a regulatory perspective, the results of this study 

underline the importance of regulating metallic items intended for short direct contact, in 

order to prevent allergic nickel dermatitis.   

 

Conclusion 

This experimental study shows that relatively short repeated skin contact with metallic 

nickel can elicit allergic contact dermatitis in irritated skin and on sites with previous 

dermatitis. 

 

Acknowledgement 

We are very grateful to Anne Marie Topp, Lene Toft-Jensen and Julie Sølberg for their help 

during the experiments and Anna Bünning Olsson for graphics support. Josefine Bandier 

granted us access to the Laser Doppler flowmeter. 

 

References 

1 Ahlström MG, Thyssen JP, Menné T, Johansen JD. Prevalence of nickel allergy in 
Europe following the EU Nickel Directive – a review. Contact Dermatitis 2017: 77: 
193–200. 

2 European Chemicals Agency (ECHA). Prolonged contact with the skin- Definition 
building for nickel (Entry 27 of Annex XVII to REACH). , 2014URL 
http://echa.europa.eu/documents/10162/13641/nickel_restriction_prolonged_conta
ct_skin_en.pdf. 

3 Tupker RA, Willis C, Berardesca E, et al. Guidelines on sodium lauryl sulfate (SLS) 
exposure tests. A report from the Standardization Group of the European Society of 
Contact Dermatitis. Contact Dermatitis 1997: 37: 53–69. 

4 Lee CH, Maibach HI, Maibach. Sodium Lauryl Sulfate. In: Irritant Dermatitis. , Springer 
Berlin Heidelberg, 2006; 257–67. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

5 Hindsén M, Bruze M. The significance of previous contact dermatitis for elicitation of 
contact allergy to nickel. Acta Derm Venereol 1998: 78: 367–70. 

6 Johansen JD, Aalto-Korte K, Agner T, et al. European Society of Contact Dermatitis 
guideline for diagnostic patch testing - recommendations on best practice. Contact 
Dermatitis 2015: 73: 195–221. 

7 Bircher A, de Boer EM, Agner T. Guidelines for measurement of cutaneous blood flow 
by laser Doppler flowmetry. A report from the Standartisation Group of the European 
Society of Contact Dermatitis. Contact Dermatitis 1994: 30 (2): 65–72. 

8 Hindsén M, Bruze M, Christensen OB, Hindsen M. Individual variation in nickel patch 
test reactivity. Am J Contact Dermat 1999: 10: 62–7. 

9 Harris PA, Taylor R, Thielke R, et al. Research electronic data capture (REDCap)-A 
metadata-driven methodology and workflow process for providing translational 
research informatics support. J Biomed Inform 2009: 42: 377–81. 

10 Allenby CF, Basketter DA. An arm immersion model of compromised skin (II). 
Influence on minimal eliciting patch test concentrations of nickel. Contact Dermatitis 
1993: 28: 129–33. 

11 Agner T, Johansen JD, Overgaard L, et al. Combined effects of irritants and allergens 
Synergistic effects of nickel and sodium lauryl sulfate in nickel-sensitized individuals. 
Contact Dermatitis 2002: 47: 21–6. 

12 Flint GN. A metallurgical approach to metal contact dermatitis. Contact Dermatitis 
1998: 39: 213–21. 

13 Menne T, Solgaard P. Temperature-dependent nickel release from nickel alloys. 
Contact Dermatitis. 1979: 5: 82–4. 

14 Erfani B, Lidén C, Midander K. Short and frequent skin contact with nickel. Contact 
Dermatitis 2015: 73: 222–30. 

15 Diepgen TL, Ofenloch RF, Bruze M, et al. Prevalence of contact allergy in the general 
population in different European regions. Br J Dermatol 2016: 174: 319–29. 

16 Fischer LA, Johansen JDD, Menne T, Menné T. Nickel allergy: relationship between 
patch test and repeated open application test thresholds. Br J Dermatol 2007: 157: 
723–9. 

17 Fischer LA, Menné T, Johansen JD. Dose per unit area - A study of elicitation of nickel 
allergy. Contact Dermatitis 2007: 56: 255–61. 

18 Schnuch A, Wolter J, Geier J, Uter W. Nickel allergy is still frequent in young German 
females - probably because of insufficient protection from nickel-releasing objects. 
Contact Dermatitis. 2011: 64: 142–50. 

19 Menné T. Quantitative aspects of nickel dermatitis. Sensitization and eliciting 
threshold concentrations. Sci Total Environ 1994: 148: 275–81. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

20 Hindsén M, Bruze M, Christensen OB. The significance of previous allergic contact 
dermatitis for elicitation of delayed hypersensitivity to nickel. Contact Dermatitis 
1997: 37: 101–6. 

21 Schmidt JD, Ahlström MG, Johansen JD, et al. Rapid allergen-induced interleukin-17 
and interferon-γ secretion by skin-resident memory CD8+ T cells. Contact Dermatitis 
2017: 76: 218–27. 

22 Ahlström MG, Menné T, Thyssen JP, Johansen JD. Nickel allergy in a Danish 
population 25 years after the first nickel regulation. Contact Dermatitis 2017: 76: 
325–32. 

23 Malajian D, Belsito D V. Cutaneous delayed-type hypersensitivity in patients with 
atopic dermatitis. J Am Acad Dermatol 2013: 69: 232–7. 

  

 

 

 

 

 

 

 

 

 

 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

 

 

 

 

 

 

 

Table 1. Characteristics of study population

                                                                     

atopic 

dermati ti s

ᵃ

hand 

dermati ti s

ᵃ

hand 

dermati tis  

≤ 3 months ᵇ

earlobe 

dermati ti s  

ever

1 woman 56 2 - - - +

2 woman 48 2 - - - +

3 man 66 0 - - - -

4 woman 19 ≥8 + + + +

5 man 65 0 - - + -

6 woman 20 ≥8 - - - +

7 woman 69 2 - - - +

8 woman 65 2 - - - +

9 woman 55 2 - + + +

10 woman 61 4-7 - - - +

11 man 56 0 - + + -

12 woman 48 4-7 - - - -

13 woman 44 2 + - - -

14 woman 44 4-7 - - - +

15 woman 62 2 - + + +

16 woman 42 2 - - - +

Participant 

no. Control

17 woman 63 2

18 woman 24 2

19 woman 66 2

20 woman 34 2

21 woman 58 2

22 woman 25 3

23 woman 27 3

24 woman 34 4-7

25 woman 57 2

26 man 24 0

ᵃ Participants  were asked i f a  doctor ever had told them that they had hand dermati tis  or atopic dermati ti s

ᵇ Participants  were asked for presence of dermati ti s  within the last 3 months , dermati ti s  was  only reported to be located to hands

-

Participant 

no. Nickel Gender Age

No. of ear-

piercings

Sel f-reported 
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SLS PRETREATED ARM SKIN No. DAY

BASELINE 

BLOOD FLOW 

(TPU) a

CHANGE IN 

BLOOD FLOW 

FROM 

BASELINE 

(TPU) b 95% CI P-VALUE

NICKEL-ALLERGIC PARTICIPANTS 16 D2 58.0 42.0 (15.3; 68.8) 0.004

15 c D4 53.5 50.2 (7.5; 93.0) 0.024

CONTROL SUBJECTS 10 D2 42.2 -14.3 (-30.50; 1.82) 0.076

10 D4 42.2 -3.5 (-23.62; 16.57) 0.7

NORMAL ARM SKIN

NICKEL-ALLERGIC PARTICIPANTS 16 D2 24.2 3.8 (0.82; 6.86) 0.016

15 c D4 23.7 2.3 (-1.72; 6.23) 0.24

CONTROL SUBJECTS 10 D2 25.6 -1.1 (-6.43; 4.30) 0.66

10 D4 25.6 -2.3 (-9.16; 4.63) 0.48

ᶜ One participant excluded D4 due to suspected superinfection

ᵃ Tissue Perfusion Units (TPU). The mean of baseline values of aluminium and 

ᵇ Difference between nickel and aluminium test sites
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Supporting material for study
“Short contact with nickel causes allergic contact dermatitis: an experimental study”

Pilot study

A pilot study with 3 nickel allergic participants preceded the study. The pilot study differed from the main
study in four important ways; 1) the preparation of the discs were made by hand instead of by a sander
with a process identical to the one described in (1), 2) the 3 blood flow measurement points were chosen
differently in the test area, 3) the last study day (D5) occurred 96 instead of 72 hours post exposure.
Changes 1) and 2) were made in order to optimize the test procedure with respect to time consumption
and more accurate blood flow measurements. Change 3) was made for practical reasons.

Metal discs preparation

Discs were placed in a custom-made disc holder, and the surface of one side was grinded with wet
sandpaper (P800; Schuller eh Klar GmbH, Vejle, Denmark) fastened on a 240 W sander (KA320EKA, Black &
Decker, Slough, England) and the procedure was repeated with finer paper (P1200). The sander was applied
to the discs on the lowest speed for approximately five seconds two times in perpendicular direction. The
aluminium discs were prepared prior to the nickel discs and the area of preparation was carefully cleaned
by gentle rubbing with mild detergent on nonwoven swabs (CURI MED, Abena, Aabenraa, Denmark) in tap
water, followed by wiping with ethanol (70% v/v) on nonwoven swabs in between. Separate sand papers,
disc holders and utensils were used for the two materials. In between and after sanding, the discs were
rinsed in demineralised water (LIVA, Respekt Denmark, Jyderup, Denmark), gently dabbed with laboratory
paper tissues (Lyreco lint free wipes; Lyreco, Marly, France), and left to dry on paper tissues overnight. The
surfaces were not touched after preparation. The sander was dimethylglyoxime tested negatively prior to
use, and was carefully disinfected (Triamin Disinfection, Wetwipe, Vallensbaek, Denmark) between
preparation of different materials.

Supplementary Table 1. The reproducibility of nickel allergy in
the nickel-allergic participants illustrated by patch test
reactivity and reactions to metal discs on the back

Nickel patch test

Reactivity
Previous
(2015-2017)

Current
(present study)

Ni
disc

Al
disc

No
reaction 0 0 0 14
Doubtful 0 0 3 1
1+ 0 2 2 1*
2+ 14 11 7 0
3+ 2 3 4 0

*No reaction to aluminium in metallic form (an empty Finn Chamber) and a standard preparation of aluminium
chloride hexahydrate 2% in petrolatum.



Supplementary Figure 1. Metallic disc placed centrally on earlobe without marking of the skin.

Reference
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