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4.1 Abstract 
 
Background: Recently, sodium tetrachloropalladate (Na2PdCl4) was found to be a 
more sensitive palladium patch test allergen compared to palladium dichloride 
(PdCl2).  
Objectives: To determine the optimal test concentration of Na2PdCl4, evaluate the 
prevalence of palladium sensitization with Na2PdCl4 and PdCl2, and compare the 
results with nickel sensitization in a European multicentre study. 
Materials and methods: In addition to the European or national baseline series 
including NiSO4 5% pet., consecutive patients were tested with PdCl2, and Na2PdCl4 
2, 3, and 4% pet. in 8 European dermatology clinics. The distribution of sex and age 
was also evaluated in nickel and palladium sensitized patients. 
Results: In total 1651 patients were tested. Relative to 3%, 4% Na2PdCl4 did not add 
any information. 2% Na2PdCl4 resulted in more doubtful reactions and revealed 
suboptimal reactivity. Prevalence to palladium sensitization doubled using Na2PdCl4 
and was similar to that of nickel. Interestingly, in contrast to nickel, palladium 
sensitization was not related to the female population. 
Conclusions: 3% Na2PdCl4 pet. is the most suitable patch test concentration. 
Sensitization to palladium is almost equally prevalent as nickel. The distribution of 
sex is different between nickel and palladium sensitized patients suggesting different 
sources of exposure.  
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4.2 Introduction 
 
Human exposure to dissolved palladium (Pd) is mainly due to dental appliances (1) 
which accounts for 8.1% of the total Pd demand, that is, about 20.000 kg of Pd for 
the dental industry worldwide in 2009 (2). Japan has long been the largest Pd-
consuming region for dental applications, followed by North America and Europe, 
although Japan’s demand has decreased substantially in the last years. Interestingly, 
the prevalence of Pd sensitization seems to be distributed similarly, that is, 7-24% in 
Japan (3, 4), 8.5-13.3% in the US (5-7), and 4.9-11.7% (8, 9) in Western Europe. If 
Pd sensitization is indeed related to dental alloys one would expect that sex 
distribution is more or less equal in Pd allergic patients, since dental alloys are 
equally used between the sexes. 
 
Cross-reactivity between palladium and nickel 
Since the descriptions of Pd allergy in the scientific literature, a strong relation with 
Ni contact allergy has been apparent and cross-reactivity was suggested by 
Wahlberg and co-workers using guinea pigs studies in the early 90s (10-12). 
Wahlberg found that guinea pigs sensitized to Pd also reacted to Ni and suggested 
that Pd was a more potent sensitizer than Ni (13). Ni and Pd have similar chemistries 
and electron arrangement, which might be responsible for true cross-reactivity at the 
T cell receptor level (14, 15). It has been shown that Ni and Pd form similar 
complexes with sulfur ligands (16), which may explain that both metals form similar 
metal-protein-complexes as suggested by Santucci et al. (17). Moreover, both metals 
activate Toll-like receptor-4 (TLR-4) which may be relevant for dendritic cell 
maturation during the sensitizing process (18). Hindsén et al. (19) provided in vivo 
evidence for cross-reactivity to Ni and Pd as they found flare-up reactions at previous 
Pd patch test sites following systemic Ni administration.  
 
Sensitization to palladium and clinical relevance 
Unlike the skin, the oral cavity exhibits a hostile environment ideal to facilitate 
corrosion processes. The constant presence of saliva with corrosive compounds like 
hydrogen, chloride ions, sulfide compounds, dissolved oxygen and free radicals is an 
essential difference between the skin and the oral cavity and enhances corrosion-
induced metal release from dental alloys and subsequent metal exposure to the 
tissues. Therefore, most reports on Pd allergy are related to dental alloys and oral 
disease (20-34). However, there are a few repots of clinically relevant allergic contact 
dermatitis to Pd (35-38). Additionally, several authors have described Pd induced 
sarcoid-like granulomas due to body piercings (22, 39-44). 
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Despite the above, Pd sensitized patients rarely react to metallic Pd (45-47) 
suggesting that palladium sensitization does not seem to be of significant clinical 
relevance in most cases of skin exposure.  
Interestingly, a few authors have discussed relevant systemic allergic dermatitis to 
Pd containing dental alloys, mostly in absence of oral disease (23, 30, 48, 49). A 
recent report described allergic gastritis (27) and another report discussed 
exacerbation of bronchial asthma (50) from Pd containing dental bridges, 
respectively. 
Assessment of the clinical relevance of Pd sensitization is a challenge: the clinical 
picture of Pd induced allergic contact allergy is ambiguous as mentioned above; oral 
lesions are not necessarily present in the case of systemic allergy to dental alloys, 
and the relevance of a positive patch test reaction to Pd is likely compromised by 
potential cross-reactions to Ni. Still, solitary positive reactions to Pd (Pd mono-
sensitization) are being reported and have appeared to be more prevalent during 
recent years (46). Recently, sodium tetrachloropalladate (3% Na2PdCl4 pet.) has 
been shown to be a more sensitive patch test allergen than the commonly used PdCl2 
(45, 51, 52). This complicates the relation between clinical symptoms and Pd allergy 
even more, since a considerable number of Pd sensitized patients with clinically 
relevant symptoms may be missed using a suboptimal test allergen. It is of great 
interest whether Pd mono-sensitized patient will be identified more frequently using 
this newly proposed test salt. 
 
Aims of the study 
The prevalence of Pd allergy might be considerably underestimated due to the lack 
of sensitivity of the commonly used palladium test allergen PdCl2 (53). The current 
study aimed to evaluate the prevalence of reactivity to 2, 3, and 4% Na2PdCl4 and to 
obtain the optimal test concentration for Na2PdCl4 in consecutive patients tested for 
suspected for allergy. Next, reactivity was compared to the commonly used PdCl2 
and NiSO4. Furthermore, concordance between Pd and Ni (NiSO4) sensitization, and 
the sex distribution were evaluated in both Pd and Ni sensitized patients.  
 
4.3 Materials and Methods 
 
Patients and clinics 
Consecutively patch tested patients, with and without active eczema, undergoing 
routine diagnostic testing during 2011 and 2012 at 8 dermatology clinics were 
included. The participating centres were VU University Medical Center, Amsterdam; 
University Hospital K.U. Leuven; University Hospital Coimbra; University Hospital 
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Basel; Hospital del Mar. Universitat Autònoma, Barcelona; University Dermatological 
Clinic, Policlinico of Bari; Skåne University Hospital, Lund University, Malmö; and, 
Odense University Hospital, University of Southern Denmark, Odense.  
 
Preparation of Na2PdCl4 
Na2PdCl4 2, 3, and 4% in petrolatum (pet.) were prepared at the Dept. of Dental 
Materials Science of the Academic Centre for Dentistry Amsterdam (ACTA). Na2PdCl4 
(Sigma-Aldrich Chemie BV, Zwijndrecht, the Netherlands CAS no. 13820-53-6) was 
ground with a porcelain mortar and pestle. Then 2, 3, and 4 grams were added to 
98, 97, and 96 grams of petrolatum (Sigma-Aldrich Chemie BV, Zwijndrecht, the 
Netherlands CAS no. 8009-03-8), respectively. Na2PdCl4 with the petrolatum was 
then suspended in a glass laboratory bottle by heating (55  ̊C) in a ultrasonic 
cleaning unit (Bransonic ultrasonic cleaner; model: 3510E-DTH; Branson Ultrasonic 
Corporation, Danbury, Connecticut, USA) under intermittent stirring for 4 hours until 
a homogeneous suspension was obtained. Sterile syringes were then filled with 2, 3, 
and 4% Na2PdCl4 pet. and labelled. One batch for each test concentration was used 
to prepare the syringes for all test centres.  
 
Patch test 
In addition to the European or national baseline series, including 5% NiSO4*6H2O 
pet. (Ni =190.2 µMol.g-1) all patients were tested with PdCl2 (1 or 2% pet., that is 
Pd=56.4 µMol.g-1 and Pd=112.8 µMol.g-1, respectively ), and Na2PdCl4 2, 3, and 4% 
pet., that is, 67.9, 102.0, and 136.0 µMol Pd per gram test substance, respectively. 
Only in Odense was TRUE Test® NiSO4 200 µg.cm-2 (Ni=1.3 µMol.cm-2) used. In 
Amsterdam, Basel, Barcelona, and Coimbra PdCl2 1% pet. was used, whereas all 
others used 2% pet. This was accepted since PdCl2 is (nearly) insoluble in water (or 
sweat at conditions of the patch test), thus probably no more dissolved Pd should be 
available to the immune system with 2% than with 1% (51). Procedural details per 
test centre are summarized in Table 4.1. The observed differences were accepted for 
the purpose of this study.  
Patch testing was performed according to the recommendations of the ICDRG. Some 
test centres preferred to do readings on day 4 (D4) instead of day 3 (D3), which was 
accepted for the purpose of this study. Except for Basel, Coimbra, and Leuven, all 
centres performed standard additional readings after 1 week (D7). Patch tests were 
regarded positive if at least at one reading a positive reaction (+, ++ or +++ 
reaction) to the metal salts was observed. If at more than one reading a positive 
reaction was recorded, the strongest reaction defined the actual test result. For 
statistical analyses all positive reactions (+, ++ or +++) were clustered as positive. 
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Doubtful reactions (±) and irritant reactions (IR) were also recorded, but regarded as 
negative test results. 
 
Table 4.1 Summary of the patch test details per institute. 

 

 

 NiSO4 PdCl2 General General  

Amsterdam Supplier: Supplier: Tape used: Informed consent:  

Trolab Trolab Fixomull Not required 

Dilution: Dilution: Chambers used: Ethical Approval:  

5% 1% Van der Bend Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Pet. Pet. D2, D3, D6/7 European 

Barcelona Supplier: Supplier: Tape used: Informed consent:  

Trolab Allergeaze Fixomull Yes 

Dilution: Dilution: Chambers used: Ethical Approval:  

5% 1% Finn  Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Pet.  Pet. D2 and D5/7 European 

Bari Supplier: Supplier: Tape used: Informed consent:  

Euromedical Euromedical Micropore™/Mefix Yes 

Dilution: Dilution: Chambers used: Ethical Approval:  

5% 2% Van der Bend Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Pet. Pet. D2, D3, D4, and D7 Italian (national) 

Basel Supplier: Supplier: Tape used: Informed consent:  

Trolab Trolab IQ Ultra Yes 

Dilution: Dilution: Chambers used: Ethical Approval:  

5% 1% IQ Ultra Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Pet.  Pet. D2/D3 and D4 European 

     

Coimbra Supplier: Supplier: Tape used: Informed consent:  

Chemotech. BIAL,  Fixomull Not required 

Dilution: Dilution: Chambers used: Ethical Approval:  

5% 1% Finn Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Pet. Pet. D2 and D3/4 European 
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Table 4.1 (Cont.) Summary of the patch test details per institute. 

 

Trolab: Trolab, Almirall Hermal GmbH, Reinbek, Germany; Bial: Bial - Portela & Cª., S.A., S.Mamede 

do Coronado, Portugal; Chemotech: Chemotechnique Diagnostics, Vellinge, Sweden; Truetest: 

T.R.U.E.TEST® SmartPractice®, Phoenix, Arizona, U.S.A.; Acros: Acros Organics, Geel, Belgium; 

Fixomull : Fixomull® BSN medical, Almere, The Netherlands; Mefix: Mefix® Mölnlycke Health Care 

Micropore: 3M™ Micropore™ Medical Tape; Scanpor: Scanpor® tape, Norgesplaster A/S, Vennesla, 

Norway; IQ Ultra: IQ Ultra™ Chemotechnique Diagnostics, Vellinge, Sweden; Van der Bend: Van der 

Bend BV, Brielle, The Netherlands; Finn: Finn Chambers® Allerderm, SmartPractice®, Phoenix, 

Arizona, U.S.A. 

 

 
Exclusion criteria 
General exclusion criteria were age under 18 years, pregnancy, systemic 
corticosteroid or immunosuppressive treatments during the previous thirty days and 
topical treatment with corticosteroids or exposure to UV-radiation during the previous 
fifteen days on or around the patch test area. 
 
 

 NiSO4 PdCl2 General General  

Leuven Supplier: Supplier: Tape used: Informed consent:  

Trolab Chemotech Mefix Not required 

Dilution: Dilution: Chambers used: Ethical Approval:  

5% 2% IQ ultra  Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Pet. Pet. D2 and D4 (D7) European 

Malmö Supplier: Supplier: Tape used: Informed consent:  

Acros Acros Scanpor Not required 

Dilution: Dilution: Chambers used: Ethical Approval:  

5% 2% Finn Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Pet.  Pet.  D3, D4, and D7 European 

Odense Supplier: Supplier: Tape used: Informed consent:  

TRUEtest Chemotech Fixomull Not required 

Dilution: Dilution: Chambers used: Ethical Approval:  

200µg.cm-2 2% Finn  Not required 

Vehicle: Vehicle: Reading days: Baseline series: 

Hydrogel  Pet. D3, D4, D5/7 European 
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Statistics  
Statistical analyses were done using IBM® SPSS® software version 21, New York, 
United States. Mostly 2x2 tables were used to compare test results to various test 
allergens. Significance of the difference in proportions was calculated using Z-test for 
proportions-dependent groups (Zdep-test) or proportion-independent groups (Zindep-
test), when appropriate. McNemar’s test was used to assess the significance of the 
difference between two (cor)related proportions, e.g., test results of the different Pd 
salts. To evaluate the level of concordance between Pd and Ni reactivity the 
Spearman’s Rank correlations (RhoS) were calculated. 99% Confidence Intervals 
(99%CI) were calculated when appropriate. One-way ANOVA was used to compare 
the mean age across different patients groups (negative, Pd positive, Ni positive , 
and Pd and Ni positive). Level of significance was set on p<0.05. 
 

4.4 Results 

Prevalence of Pd and Ni sensitization 
In total 1651 consecutive patients were tested at 8 dermatology clinics. Seventeen 
patients were not tested with 2 and 4% Na2PdCl4 leaving 1634 patients tested with 
these concentrations. Figure 4.1. shows all, except negative, test results from the 
1651/1634 patients. The different degrees of positive reactions (+, ++, and +++) 
were clustered as positive. The results point out that about twice as many positive 
patch test results to Pd were obtained using 3% (18.2%; n=300/1651) and 4% 
Na2PdCl4 (18.7%; n=306/1634) compared to PdCl2 (9.3%; n=154/1651) (Zdep-test: 
p<0.001). Therefore, when assuming that specificity for metal allergy patch testing is 
high, hence few false-positive test results, it can be concluded that Na2PdCl4 is more 
sensitive than PdCl2 (McNemar’s test: p<0.0001) (Table 4.2). Compared to 3% and 
4% Na2PdCl4 only 9 and 8 patients reacted exclusively to PdCl2, respectively (3% is 
only given in Table 4.2). Within the whole group of patients suspected for allergy, 
with or without eczema, the prevalence of Pd sensitization was 18.2% (300/1651) 
and 18.7% (306/1634) for 3% and 4% Na2PdCl4, respectively (Figure 4.1). 
Interestingly, this was not significantly different to that of Ni 20.7% (342/1651) 
(Zindep-test: p>0.05). Difference in prevalence of Pd sensitization between 2 and 3% 
was clearly significant (Zdep-test: p<0.001).  
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Figure 4.1 Patch test results (n=1651) of all investigated test allergens irritant (IR), 

doubtful (±), and positive (+, ++, +++): 1 or 2% palladium dichloride 

(PdCl2), 2, 3, and 4% sodium tetrachloropalladate (Na2PdCl4), and 5% nickel 

sulphate (NiSO4). Patch test results with 3 and 4% Na2PdCl4 are essentially 

similar and two fold more often positive than to PdCl2. Prevalence of Ni and Pd 

sensitization is more or less similar within the whole test population. 
 

Table 4.2 2X2 Table of test results to PdCl2 (1 or 2%) and 3% Na2PdCl4. Using PdCl2 

resulted in missing half of the palladium (Pd) sensitized patients (300 vs. 154), 

which is obviously statistical significant (Zdep-test: p<0.001). Assuming that 

false-positive results are rare in metal allergy patch testing it was concluded 

that 3% Na2PdCl4 is more sensitive compare to PdCl2 for diagnosing Pd 

sensitization (McNemar’s test: p< 0.001). 

 

PdCl2 Total 

positive negative 

Na2PdCl4 3% positive  145 (8.8%) 155 (9.4%) 300 (18.2%) 

negative 9 (0.5%) 1342 (81.3%) 1351 (81.8%) 

Total 154 (9.3%) 1497 (90.7%) 1651 (100%) 
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Next, the patch test results of all participating institutes were evaluated separately. 
Figure 4.2. represents positive test results to all 5 metal salts investigated in this 
study. Prevalence of positive reactions to each test salt varied considerably between 
clinics, that is, Na2PdCl4 ranging from 10.2% in Malmö to 36.0% in Basel and NiSO4 
ranging from 12.5% in Odense to 34.4% in Bari. In Amsterdam, Barcelona, Basel, 
and Coimbra the difference between reactivity to PdCl2 and Na2PdCl4 was most 
prominent, whereas in Malmö hardly any difference was found. However, in all clinics 
reactivity to Na2PdCl4 outnumbered that of PdCl2 reactivity. In Amsterdam, Barcelona, 
and Odense Ni and Pd sensitization was more or less equally prevalent. Strikingly, in 
Basel the number of positive test results to Na2PdCl4 outnumbered those to NiSO4 
significantly, that is, 35.4% vs. 22.0% (Zindep-test: p<0.001).  
 
Irritant and doubtful reactions 
Table 4.3 summarizes the observed irritant (IR) and doubtful (±) reactions to all 5 
investigated test salts. Only very small percentages of irritant reactions were 
observed (0.24% max). Doubtful reactions, however, were more frequent and most 
abundant to 2% Na2PdCl4 (4.4%) and least frequent to NiSO4 (2.1%). The difference 
in the proportions of doubtful reactions between 3 and 4% Na2PdCl4 was not 
statistical significant (Zdep-test: p>0.05). The number of doubtful reactions to 4% 
Na2PdCl4 was equal to that of PdCl2 (Table 4.3). Of note, in Barcelona and Bari hardly 
any doubtful reactions to any of the test salts were observed.  
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* PdCl2 1% in petrolatum was used instead of 2% in petrolatum. 

** TRUE Test® NiSO4 200 µg.cm-2 was used instead of NiSO4 5% in petrolatum 

 
 

Figure 4.2 Positive skin test results (+, ++, and +++) to 1 or 2% PdCl2, 3% Na2PdCl4, 

and 5% NiSO4 for all participating dermatology clinics (n=1651). In all 

institutes the number of positive patch tests to Pd are remarkably increased 

using Na2PdCl4 3% instead of PdCl2 1 or 2% as a test allergen. Although the 

prevalence varies considerable between institutes, the pattern is essentially 

similar. Differences between both Pd test salts are greatest in Amsterdam and 

Coimbra. In Basel Pd sensitization was most prevalent and outnumbered even 

the Ni results: many more positive results were obtained for Na2PdCl4 3% as 

compared to NiSO4 5%. In Amsterdam, Barcelona, and Odense Ni and Pd 

sensitization were equally prevalent. Of note, In Basel, Coimbra, and Leuven 

no standard additional reading after one week (D7) was performed 
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Table 4.3 Irritant (IR) and doubtful (±) reactions observed in the individual institutes. 

Irritant reactions were mostly observed in Coimbra, whereas the follicular 

reactions were nearly only seen in Odense. Doubtful reactions were most 

prominent in Amsterdam, Basel, Coimbra, Leuven and Malmö.  

 

Institute  5% NiSO4 1-2% PdCl2 2% Na2PdCl4 3% Na2PdCl4 4% Na2PdCl4

  IR ± IR ± IR ± IR ± IR ± 

Amsterdam 

Netherlands 

n=66 

n= - 3 - 3 - 3 - 1 - 4 

% - 4.5 - 4.5 - 4.5 - 1.5 - 6.1 

Barcelona 

Spain  

n=118 

n= - - - - - - - - - - 

% - - - - - - -  - - 

Bari 

Italy  

n=90 

n= - - 2 2 1 - - - 1 - 

% - - 2.2 2.2 1.1 - - - 1.1 - 

Basel 

Switzerland  

n=175 

n= - 4 1 2 - 8 1 7 2 8 

% - 2.3 0.6 1.1 - 4.6 0.6 4.0 1.1 4.6 

Coimbra 

Portugal  

n=190 

n= 1 5 - 4 - 16 - 9 - 4 

% 0.5 2.6 - 2.1 - 7.9 - 3.7 - 1.6 

Leuven 

Belgium  

n=267 

n= - 2 - 6 - 9 - 8 - 8 

% - 0.7 - 2.2 - 3.4 - 3.0 - 3.0 

Malmö 

Sweden  

n=353 

n= 3 16 - 21 - 17 - 21 - 17 

% 0.8 4.5 - 5.9 - 4.8 - 5.9 - 4.8 

Odense 

Denmark  

n=392 

n= - 6 - 18 - 19 - 22 - 15 

% - 1.5 - 4.6 - 4.8 - 5.6 - 3.8 

Total n= 4 36 3 56 1 72 1 68 3 56 

 % 0.2 2.1 0.2 3.4 0.1 4.4 0.1 4.1 0.2 3.4 
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Concomitant and mono-reactivity to palladium and nickel 
For all test concentrations high levels of concomitant reactions to Ni and Pd could be 
observed. Based on the cross-reactivity the correlation between Ni and Pd test 
results (negative/irritant, doubtful, and positive) may be considered as an indicator 
for test accuracy of different Pd test salts. Test results of all three Na2PdCl4 
concentrations correlated equally to NiSO4 (RhoS range: 0.670-0.676; 99%CI = 0.641 
- 0.706) and were significantly higher than the correlation between of NiSO4 and 
PdCl2 (RhoS: 0.548; 99%CI = 0.503 - 0.590). Table 4.4 represents the 2x2 tables of 
reactivity to NiSO4 versus PdCl2, and 3% Na2PdCl4. 4.2% (n=69/1651) reacted 
exclusively to 3% Na2PdCl4 (mono-sensitized), whereas only 1.6% (n=27/1651) was 
mono-sensitized according to PdCl2 patch testing. This difference was clearly 
significant (Zdep-test: p<0.001). In fact, 61% (42/69) of the Pd mono-sensitized 
patients would have been missed using PdCl2 instead of 3% Na2PdCl4. 
Ideally, the lowest possible test concentration without decreasing test accuracy is 
desired to prevent active sensitization by patch testing. Actually, in 1 clinic (Leuven, 
Belgium) 2 subjects with no history of metal intolerance had completely negative 
patch test results but showed delayed positivity 2 weeks later, suggesting active 
sensitization to Na2PdCl4. Since 3 and 4% Na2PdCl4 perform similar, no additional 
information is expected using the 4%. Therefore, 3% is recommended as test 
concentration in order to minimize possible active sensitization. 
 
Table 4.4 Mono- and concomitant sensitization to palladium (PdCl2 and Na2PdCl4 3%) 

and nickel (NiSO4). Pd patch testing with PdCl2 resulted in missing half of the 

Pd sensitized patients compared to Na2PdCl4 3%. Most important, 61% 

(42/69) of the mono-sensitized will be missed. In parenthesis the proportion 

relative to the total population is given (n=1651). 

 
PdCl2 Na2PdCl4 3% 

Total 
positive negative positive negative 

NiSO4 positive 127 (7.7%)  215 (13.0%) 231 (14.0%)  111 (6.7%)  342 (20.7%) 

negative  27 (1.6%) 1282 (77.6%)  69 (4.2%) 1240 (75.1%) 1309 (79.3%) 

Total 154 (9.3%) 1497 (90.7%) 300 (18.2%) 1351 (81.8%) 1651 (100%) 
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Distribution of sex in Pd and Ni positive and negative patients. 
From 906 patients tested in Amsterdam (n=66), Bari (n=90), Basel (n=175), 
Barcelona (n=118), Coimbra (n=190) and Leuven (n=267) additional information on 
age and sex was available. Table 4.5 summarizes the distribution of sex and age in 
four different patient groups defined as: negative (including irritant and doubtful 
reactions), Pd positive (Pd mono-sensitized), Pd and Ni positive, and Ni positive (Ni 
mono-sensitized). Within the whole population (n=906) 70% were female. Not 
surprisingly, as a result of exposure to jewellery and piercings Ni mono-sensitization 
was clearly overrepresented in the female population (Zindep-test: p<0.001). The 
distribution of males and females in Pd mono-sensitized patients, however, was 
comparable (Zindep-test: p>0.05), suggesting a different source of exposure 
compared to Ni. The mean age was highest in the Pd mono-sensitized patients 
(50yr), although this was not statistically significant (one-way ANOVA: p=0.196). 
 

Table 4.5 Distribution of sex and age in palladium (Pd) and nickel (Ni) sensitized 

patients (n=906) subdivided in negative, Pd mono-sensitized, Pd and Ni 

sensitized, and Ni-mono sensitized. Significance was evaluated using the Z-

test for independent groups (Zindep-test). Males were significantly 

overrepresented in the negative patient group whereas females were clearly 

overrepresented in the Ni and concomitant reacting patient. Interestingly, the 

distribution of sex was not significantly different in Pd mono-sensitized 

patients. Hence, mono-sensitization to Pd is equally prevalent in both males 

and females, suggesting a different source of exposure compared to Ni. Age 

was distributed equally among the different groups. 

 

  

Gender Mean age* 

Female  Male  Zindep-test  

Negative n= 

% 

391 

61.4% 

232 

86.2% 
p<0.001 48.7 

Pd mono-sensitized 

 

n= 

% 

35 

5.5% 

20 

7.4% 
p>0.05 50.1 

Pd and Ni sensitized 
n= 

% 

154 

24.2% 

11 

4.1% 
p<0.001 45.9 

Ni mono-sensitized 
n= 

% 

57 

8.9% 

6 

2.2% 
p<0.001 48.4 

Total n= 

% 

637 

100% 

269 

100% 
 48.3 

*One-way ANOVA p=0.196 
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4.5 Discussion 
 
In this study the prevalence of Pd and Ni sensitization was evaluated in 8 European 
dermatology clinics comprising a total of 1651 consecutive patients investigated for 
contact allergy. The overall sensitization to both metals was similar (Figure 4.1), 
however, between clinics considerable variation was found (Figure 4.2). Varying 
concentrations of Na2PdCl4 resulted in different results, although results to 3 and 4% 
were more or less equal. Finally, it was found that the distribution of sex is 
significantly different between Pd and Ni mono-sensitized patients suggesting 
different sources of exposure to both metals. The main limitation of the study was 
that exposure sources were not evaluated. 
 
Pd sensitization prevalence and optimal test concentration  
The most important conclusion drawn from this study is the doubling of Pd 
sensitization prevalence from 9.3 to 18.2% among dermatitis patients using 3% 
Na2PdCl4 compared to 1 or 2% PdCl2 (Figure 4.1). On top of that, it was found that 
about 60% of the Pd mono-sensitized patients were missed with PdCl2 patch testing 
(Table 4.4). Especially, these mono-sensitized patients are most likely to be clinically 
important, although this was not investigated in this study.  
3% and 4% Na2PdCl4 gave similar overall test results (Zdep-test: p>0.05) (Figure 4.1 
and Table 4.2), whereas 2% resulted in considerable less positive and more doubtful 
reactions (Figure 4.1 and Table 4.2) suggesting a suboptimal test concentration. 
Indeed, earlier studies with Na2PdCl4 pointed out that doubtful reactions are 
indicative for positive rather than for negative test result (51, 52). Assuming that 
false-positive reactions are generally rare with metal allergen patch testing it was 
concluded that a considerable number of Pd sensitized patients will be missed using 
the 2% instead of 3 or 4%. In fact, prevalence of Pd sensitization was significantly 
lower using 2% (Zdep-test: p<0.005).  
The difference in reactivity between 2% and 3% Na2PdCl4 was considerable in 4 
clinics (Amsterdam, Barcelona, Basel and Coimbra), whereas, only a small difference 
was observed within the other clinics (Bari, Leuven, Malmö, and Odense) (Figure 
4.2). Perhaps, the manual preparation of the test materials giving rise to minor 
differences in concentrations within one batch resulted in slight variations in 
concentrations between clinics. However, between 3% and 4% this variation was 
virtually absent arguing against this explanation. In an earlier study 0.3, 1.0 and 
3.0% of Na2PdCl4 were tested in 20 patients to evaluate irritancy of the different test 
concentrations (51), in which 1 positive reaction was found for 1% and 4 for 3%. 
Tillman et al. investigated the minimal elicitation concentration (MEC) in 40 palladium 
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sensitized patients (45); they found considerable variation in MEC ranging from 
0.035 to 3.5%. Unfortunately, in this study concentrations between 1.0 and 3.5% 
were not investigated. They found 2 false-negative results and 3 patients had a MEC 
of 3.5%. Using 2% Na2PdCl4 will definitely miss a considerable number Pd sensitized 
patients and 4% will not add any substantial information, relative to 3%. Therefore it 
was concluded that 3% Na2PdCl4 is the test concentration of choice, which is 
currently commercially available, and should replace PdCl2 (1 and 2%) as soon as 
possible.  
 
Variation of test results among clinics 
Considerable variation in prevalence of sensitization to Pd and Ni was observed 
among the 8 participating dermatology clinics (Figure 4.2), which may be attributed 
to difference in scoring of test reactions and exposure. Furthermore, the indication to 
perform patch testing might differ among clinics which obviously influences the 
prevalence of positive test results. The differences between PdCl2 and Na2PdCl4 were 
most prominent in Amsterdam, Barcelona, Basel, and Coimbra. Interestingly, these 
clinics used 1% PdCl2 instead of 2%. Apparently, 2% PdCl2 produces slightly more 
dissolved Pd resulting in a more sensitive test allergen than 1% PdCl2 when 3% 
Na2PdCl4 is considered the gold standard. Nevertheless, in all clinics Na2PdCl4 clearly 
outnumbered the reactivity to PdCl2. 
Since Pd allergy is mostly associated with dental alloys, differences in exposure 
should concern the oral cavity. Indeed, in Switzerland with the highest rate of Pd 
sensitization (36%; 63/175) a high prevalence of dental crowns and bridges is found, 
that is, about 50% in the middle-aged population (45-54 years old) in 2002 (54). 
Interestingly, the low prevalence (10%) of Pd sensitization in Malmö corresponds to 
the low prevalence of dental crowns in Sweden, that is, 7% for 50-year-olds in 2003 
(55). This finding may also explain the results in 83 Swedish patients with oral lichen 
lesions for whom no association was found between Pd contact allergy and the oral 
disease (56). On top of that, in contrast to Ni, the distribution of gender is equal in 
Pd mono-sensitized patients, suggesting another source of exposure than jewellery 
and piercing. Indeed, dental crown and bridgework is equally prevalent in males and 
females since tooth decay is not sex related. 
 
Solubility of test allergens 
PdCl2 is (nearly) insoluble in water which might hamper skin penetration 
considerably, explaining the low sensitivity of this test allergen (51). Still, as 
discussed above the current data suggests that 2% is more sensitive than 1%. Skin 
penetration has complex kinetics and relies (many) more factors than solubility in 
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water alone, resulting in immune availability of Pd from PdCl2, hence positive patch 
test results. Moreover, regardless of solubility and skin penetration other factors may 
play an important role since, for example, in Malmö only slight differences between 
all Pd test allergens were observed (Figure 4.1). Nevertheless, solubility in water of 
test allergens is of significant importance, which is most evident when comparing 
patch test results to 2% PdCl2 (112.8 µMol.g-1) and 2% Na2PdCl4 (67.9 µMol.g-1). 
Although, only half of Pd in present in the latter test allergen in Bari and Leuven 
considerably more positive test results were found to Na2PdCl4 (Figure 4.2) 
  
Percentage versus dose of test substance 
3% Na2PdCl4 contains fewer atoms Pd per gram test substance than 2% PdCl2 (102.0 
vs.112.8 µMol.g-1). Furthermore, 5% NiSO4 contains about 2 times more Ni atoms 
(190.2 µMol.g-1) than 3% Na2PdCl4 contains Pd atoms (102.0 µMol.g-1). Indeed, Pd 
seems to be a more potent sensitizer than Ni since much fewer atoms are needed for 
elicitation and most probably for sensitization as well, which is in line with the 
conclusions drawn by Wahlberg as discussed in the introduction (13). All in all using 
concentrations as Mol metal atoms per gram test substance provides more 
information with respect in the potency of the test allergen than the percentage of 
test salt in the vehicle.  
 
4.6 Conclusions 
 
The results of the current study show that Pd sensitization is clearly underestimated 
since about half of the sensitized patients were missed using PdCl2. Three percent 
Na2PdCl4 in petrolatum is the patch test concentration of choice. Moreover, as Pd 
mono-sensitization increased from 1.6 to 4.2%, including 3% Na2PdCl4 in the 
(European) baseline series should be considered. Since Pd allergy and/or 
sensitization is likely to be associated with dental alloys, dermatologists should be 
aware of this possible source of exposure in Pd (mono-) sensitized patients and 
consulting the patients dentist may thus be of great importance for these patients. 
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