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A comparative study of allergic contact
dermatitis by patch test versus reflectance
confocal laser microscopy, with nickel and cobalt

Few studies have reported on the accuracy of reflectance confocal
laser microscopy (RCLM) in observing allergic contact dermatitis in
vivo. However, distinction of skin reactions from different reagents is
not well understood. We sought to diagnose allergic contact dermatitis
by RCLM images and compare with routine, visual patch test (PT)
reading for 2 major allergen metals in Japan. The PT was performed
on the upper back skin with 5% nickel sulfate (Ni) and 2% cobalt
chloride (Co) in eight healthy volunteers and eleven patients. RCLM
was used to calculate the thickness of the suprabasal epidermis after
visual assessment of PT. Comparison of clinical scoring versus supra-
basal epidermal thickness was observed. RCLM images of positive PT
showed increased suprabasal epidermal thickness on day 2 (D2), and
D3 for Co, whereas there was vesicle formation and an overall
increase suprabasal epidermal thickness for Ni. In two of 3 doubtful
positive PT to Co, RCLM images presented characteristics of irritant
reactions; and one characteristic of a positive reaction. The frequency
of Co doubtful-positive PT was higher than that of Ni. We found
advantages in using RCLM for visualizing features of allergic contact
dermatitis and found it a useful tool as an objective parameter in grad-
ing severity and types of PT reaction.

Key words: allergic contact dermatitis, dental alloy, metal allergy,
patch test, reflectance confocal laser microscopy, suprabasal epidermis

used in restorative dentistry. The common crite-

rion for all these materials is their permanent exis-
tence in the oral cavity for a prolonged period of time and
this exposure may sensitize patients. The clinical manifes-
tations of contact allergy to dental alloy are not uniform.
Diseases such as pustulosis palmaris et plantaris, lichen
planus, systemic or palmoplantar eczema, symptoms like
glossodynia, cheilitis related with ions released from these
metals are well documented [1-6]. Furthermore, the Japa-
nese Ministry of Health and Welfare reported in 1997 that
allergy affects approximately 30% of the population in
Japan and recently, the frequency of dental metal allergy
has risen significantly [7-9].
Patch testing is the primary tool to diagnose allergens
causing allergic contact dermatitis. On the other hand,
this method is strongly dependent on the experience of

T raditionally, different types of alloys have been

Abbreviations:

Co 2% cobalt chloride

D day

Ni 5% nickel sulfate

PT patch test

RCLM reflectance confocal laser microscopy
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the observer, and distinguishing doubtful-positive from
positive patch test (PT) reactions for different reagents
remains difficult [10-14]. Reflectance confocal laser
microscopy (RCLM) has been used to image human skin
non-invasively, providing a virtual window into tissues in
vivo without staining processes or destruction of the skin
[15-18]. More recently, diagnostic criteria with RCLM
were investigated to characterize features of allergic con-
tact dermatitis. These criteria include vesicle formation,
inflammatory infiltrate, spongiosis and exocytosis [19-
22]. However, skin reactions to different metal allergens
and changes in epidermal thickness are still not well
understood [23, 24]. The aim of this study was to compare
suprabasal epidermal thickness, using RCLM, with clini-
cal grading of PT from two major allergen metals i.e.,
nickel (Ni) and cobalt (Co) in Japan.

Materials and methods

Subjects

Eight healthy volunteers (3 males and 5 females, mean
age 30 years), and eleven patients (1 male and 10 females,
mean age 47 years) with suspected contact allergy to den-
tal metals and confirmed presence of dental metal restora-
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Table 1. Characteristics of patients

Patient Age/ Sex Symptoms & Years of symptoms Dental metal restorations Mean years in use dental
systemic diseases & systemic diseases metal restoration

1 36/F CD (jewellery) 20 Au-Ag-Pd alloy 10

2 67/F CD (jewellery, leather) 6 Au-Ag-Pd alloy 20
HF 5

3 28/F eczema (face, neck, head) 1 month Au-Ag-Pd alloy 8
HF, sinusitis 8

4 38/F CD (jewellery) 15 Amalgam 22
stomatitis 2 Au-Ag-Pd alloy 10

5 67/F CD (jewellery) 17 Au-Ag-Pd alloy 40
adenoiditis 50 Co-Cr alloy 20
loxoprofen allergy 7

6 58/F stomatitis 1 Au-Ag-Pd alloy 25

7 68/F oral lichen planus on buccal 2 Au-Ag-Pd alloy 40
surface gdjacent to the metal
restoration

8 40/M pustulosis palmaris 8 months Au-Ag-Pd alloy 20
et plantaris

9 66/F CD (jewellery) 26 Au-Ag-Pd alloy 41

10 S51/F CD (jewellery) 10 Au-Ag-Pd alloy 20

Ni-Cr alloy 30
11 44/F cheilitis facial erythema 2 Au-Ag-Pd alloy 20
Co-Cr alloy 2

CD: contact dermatitis; HF: hay fever; Au-Ag-Pd: gold, silver, palladium, Copper, tin, zinc, and silicon alloy; Co-Cr: cobalt, chromium, molybde-

num, and nickel alloy; Ni-Cr: nickel, chromium, iron, and silicone alloy.

tion from the Dental Allergy Clinic of Tokyo Medical and
Dental University were recruited for this study (table 1).
We received approval from the Dental Research Ethics
Committee of Tokyo Medical and Dental University and
informed consent was obtained from all contributors.

Exposure to reagents

The upper back skin was exposed to aqueous solutions of
5% nickel sulfate (Ni) and 2% cobalt chloride (Co) (Torii
Pharmaceutical Co. Ltd, Tokyo, Japan) using patch tester
TORII® (9-mm diameter, Torii Pharmaceutical Co. Ltd,
Tokyo, Japan). The testers were removed by the subject
after 48 h on day 2 (D2).

Evaluation

Clinical evaluation

Skin readings were performed 20 min after removal of the
testers on D2, D3, and, D7 according to the clinical scor-
ing criteria recommended by the International Contact
Dermatitis Research Group [21] (fable 2). Positive reac-
tions on D3 or D7 were judged as allergic contact sensi-
tivity. Skin reaction only on D2 and faint erythema or
absence of reaction on D3 and/or D7 was judged as
doubtful-positive reaction. In addition, clinical photo-
graphs of skin reactions were taken under standardized
conditions with a digital camera (Nikon Coolpix 950,
Nikon Corp, Tokyo, Japan).

RCLM evaluation

A commercially available RCLM (Vivascope 1500 Plus,
Lucid Inc, Henrietta, NY) was used to produce horizontal

(surface) images of skin sites with X, Y, and vertical (in
depth) images with Z plane micrometer screws. This
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device use a diode laser at 830 nm with a power less
than 16 mW at tissue level. The X30 water-immersion
lens of numerical aperture 0.9 was applied to the skin. It
was immobilized with a tissue ring and template fixture
device to provide standardized mechanical contact with
the RCLM. Details of the instrument are given elsewhere
[16, 17]. In each of the skin sites analyzed, a systematic
4 mm* X-Y mapping was performed and 5 images were
captured in Z plane per lum in depth, beginning at the
stratum corneum and going through the epidermis and
into the upper reticular dermis. The suprabasal epidermis
(from the surface of the stratum corneum with presence of
corneocytes to the bottom of the cells in the uppermost
portion of the stratum basale) were used to calculate thick-
nesses before (D0) and after testers were removed (D2,
D3, D7) (figure 1, A panel).

Statistical analysis
Suprabasal epidermal thickness of healthy volunteers and
patients before PT was analyzed using the Student t-test.

Table 2. Criteria for clinical scoring of allergic contact
dermatitis reactions

Score Allergic contact dermatitis

0 Negative

0.5 Barely erythema

1 Erythema, infiltration, possibly papules

2 Erythema, infiltration, papules, vesicles

3 Intensive erythema, bullous reaction or erosion

The scheme follows the guidelines of the International Contact Derma-
titis Research Group.
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Figure 1. A panel, Vertical section in XZ planes of the skin
illustration and B panel, horizontal section in XY planes
of the RCLM images. a. stratum corneum b. stratum granu-
losum e¢l. stratum supinosum above papillary dermis
(in RCLM images, cl-1. upper and, c¢l1-2. lower layer) c2.
stratum supinosum between papillary dermis d. stratum
basale (in RCLM images, ¢2 and d). The arrow indicates
the suprabasal epidermis (from the surface of the stratum cor-
neum to the bottom of the cells in the uppermost portion of
the stratum basale). The mean thickness from 5 RCLM
images observed in this subject: 21, 92 um SD +4.37.

Changes of suprabasal epidermal thickness at the time
points of skin readings were analyzed using one-way
ANOVA and Tukey HSD test [25, 26]. Furthermore, in
patients, the paired t-test was used on the same subjects
to analyze differences in suprabasal epidermal thickness
between Ni and Co. Clinical scores were performed with
the Mann-Whitney U test and Regression analyses to
determine the correlations between suprabasal epidermal
thickness and elapsed period of days [27]. All analyses
were conducted using SPSS Ver.12.0J for Windows. For
global significance, P less than 0.05 and for Bonferroni, P
less than 0.016 was considered statistically significant.

Results

Clinical evaluation

Healthy volunteers

All subjects were found to be clinically negative to Ni
and Co. However, punctante erythema and hemorrhagic
around the hair follicles openings, presenting small dots,
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irregularly distributed within the test area were observed
on D2 and D3 for Co on two of 8 healthy volunteers
(figures 2, A and B panel).

Patients

From 11 subjects three were found to be doubtful-positive
PT to Co, two were positive PT to Co and four were
positive PT to Ni. (P <0.05 and P <0.016) (figures 2,
C and D panel; tables 3, 4).

RCLM evaluation

Suprabasal epidermal thickness did not show a significant
difference between healthy volunteers and patients on DO
(P >0.05) (figure 1 B panel) [18].

Healthy volunteers

All subjects showed an increasing tendency of suprabasal
epidermal thickness on D2, decreasing consequently until
normal parameters on D7 (figure 3). Statistical analysis
showed no significant differences among time points of
assessment for Ni and Co, nor between the reagents
(P>0.05).

Patients

The increasing suprabasal epidermal thickness on Ni and
Co was greater in patients than healthy volunteers
(t=—5.942, P <0.0001). We found statistical differences
between DO and D2, DO and D3, DO and D7 for Ni and
Co respectively (P < 0.05). Between the reagents, statisti-
cal significance showed on D2 and D7 (t=2.094,
P=10.049) (t=0.692, P=0.0497). For each PT result,
the average suprabasal epidermal thicknesses from D2,
D3, and D7; Ni-positive and Ni-negative, Co-positive and
Co-negative, Co-doubtful-positive and Co-negative were
statistically significant (P <0.05 and P <0.016) (figure 4,
table 4).

Regression analyses of suprabasal epidermal thickness in
positive reactions to Ni vs. elapsed period by days were
significantly strong positive (R2 =0.6191, P <0.0003), and
negative Ni reactions showed a significantly moderate posi-
tive correlation (R2 =0.3119, P <0.0071) (figures 54, B).
For Co, regression analysis of suprabasal epidermal thick-
ness vs. elapsed period by days showed moderate positive
significance in positive Co reactions (R2=0.5686,
P =0.0322), strong positive significant correlation in
negative Co reactions (R2=0.6993, P <0.009) and not
significant correlation in doubtful-positive Co reactions
(P =0.0535) (figures 5C, D, E).

Discussion

PT is said to be the most conventional evaluation method
for allergic contact dermatitis [28]. The instrument used
for clinical assessment is a combination of vision and
feel in the form of palpation with the examiner’s finger,
and this measurement is a totally subjective method based
on the clinician’s knowledge and experience.
Interestingly, previous reports of PT readings have shown
the disagreement on scoring among examiners under the
same conditions [29]. The RCLM represents a useful
measurement for determining an individual’s skin hyper-
sensitivity [30, 31].

In our study, we evaluated the efficiency of the RCLM in
grading the severity of allergic skin reactions to Ni and Co
and determined the correlation with routine visual PT
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Irritant reaction Negative reaction

Doubtful-positive reaction

Positve reaction

Z:22,94 ym

50 um

Z: 20,94 ym

Figure 2. Clinical images and corresponding RCLM images at D3 are shown. A panel, Images (a) through (c): a, b: clinical
images of negative reaction ¢: RCLM evaluation shows stratum corneum B panel, Images (d) through (f): d, e: clinical
images of irritant reaction with punctate erythema and slightly hemorrhagic around hair follicle openings f: RCLM evaluation
shows disruption of stratum corneum. C panel, Images (g) through (i): g, h: clinical images of doubtful positive reaction,
i: RCLM evaluation shows spongiosis in stratum supinosum. D panel, Images (j) through (k): j, k: clinical images of positive
reaction, 1: RCLM evaluation shows vesicle formation in stratum supinosum.

results. Patients showed a significant increase in supraba-
sal epidermal thickness compared with healthy volunteers.
This indicated that the differences observed on the skin
response could be explained by the occlusive effect and
the metal reagents of the patch tester acting as mechanical
stimuli with the additional response of specific T-cell
involvement in patients [32].
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The Ni-positive group showed an overall increase in
suprabasal epidermal thickness, intercellular edema,
acanthosis and great vesicle formation. This result might
be due to a stronger proliferative response of keratino-
cytes and T-cell involvement in the pathogenesis of
metal hypersensitivity than that to Co [19, 33, 34]. The
Co-positive group showed an increase of the suprabasal
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Table 3. Severity of clinical scoring in patch test for Ni and
Co

Patient Clinical scores

Ni Co
1 2 0
2 2 0
3 1 0
4 1 0
5 0 0
6 0 0.5
7 0 0
8 0 1
9 0 0.5
10 0 1
11 0 0.5

Ni: 5% nickel sulfate; Co: 2% cobalt chloride.

epidermal thickness mainly on D2 and D3, and both posi-
tive groups were well correlated with respective clinical
aspects of PT scoring in our study.

In Co-doubtful positive group, the RCLM images showed
two different aspects.

— The presence of superficial disruption in the stratum
corneum on two of 3 patients. However, we did not
observe RCLM morphologic features common to allergic
contact dermatitis [24, 29, 35].

— The increase of suprabasal epidermal thickness in the
remaining one of the 3 patients, which could be recog-
nized as positive in RCLM, the visual assessment by PT
displayed doubtful positive. The facial erythema and chei-
litis of this patient were improved after the removal of a
cobalt-chrome metal frame-removable denture with no
additional treatment.

Moreover, we found that Co showed more doubtful-
positive PT reactions than Ni (Ni-positive: 21.44%, Ni
doubtful-positive:  5.15%, Co-positive: 10.72%, Co
doubtful-positive: 7.01%, (x2 =10.527, Haberman’s test,
p <0.002) from 485 patients (aged between 27 and
82 years, mean age 48 years) who visited our clinic
from 2006 to 2007 (data not shown) [36]. This result sup-
ported previous studies that the characteristics of allergic
reactions in Co showed weaker signs compared to those
of the Ni group [23, 24, 37, 38].

60 -
50 |-
40|

30 m Ni

= Co
20 +

Suprabasal epidermal thickness (um)

DO D2 D3 D7
Days

Figure 3. Suprabasal epidermal thickness in healthy volun-
teers with 5% nickel sulfate and 2% cobalt chloride before
(DO0) and after removed the testers (D2, D3, and D7). Values
expressed as mean + SD.

Suprabasal epidermal thickness (um)

DO D2 D3
Days

7
*:p<0.05

Figure 4. Suprabasal epidermal thickness in patients with 5%
nickel sulfate and 2% cobalt chloride before (D0) and after
removed the testers (D2, D3, and D7). Values expressed
as mean + SD.

Although we assessed only two specific allergens, Ni and
Co, the morphology of PT reactions can vary with differ-
ent metals. For instance, palladium and gold have a ten-
dency to appear as a skin reaction 5 days after removing

Table 4. Percentage distribution of clinical scores and average of suprabasal epidermal thickness from D2, D3, D7 among

Ni and Co in patients

Reagent Patch test result Clinical Average on suprabasal epidermal
Scores median (25th/75th) thickness from D2, D3, D7
mean (SD) pm

Ni positive (n =4) 1 (1/2) a* 37.25 (8.14) a*

negative (n=7) 0 (0/0) a* 25.33 (5.92) a*
Co positive (n =2) 1 (1/1) b1* 30.83 (6.7) bl*

doubtful positive (n =3) 0.5 (0.5/0.5) b2* 30 (4.97) b2*

negative (n = 6) 0 (0/0) b1* b2* 24.06 (2.38) b1* b2*

Ni: 5% nickel sulfate; Co: 2% cobalt chloride.
Values of clinical scores are median and percentiles (25th/75th).

Mann-Whitney U test and Student t- test shown statistically significant (a*: p < 0.05) (b*: p < 0.016).

bI*: statistical significant between Co positive and negative.
b2*: statistical significant between Co doubtful positive and negative.
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Figure 5. Regression analysis of suprabasal epidermal thickness versus elapsed period by days on each PT results in patients.
A) Nickel positive reaction. B) Nickel negative reaction. C) Cobalt positive reaction. D) Cobalt negative reaction. E) Cobalt

doubtful-positive reaction.

the reagent [39]. Therefore, the observations of epidermal
thickness and morphological changes by the RCLM
should each be performed after the visual assessment.

One of the main limitations of the RCLM technique is the
fundamental inability to image deep objects in the dermis.
In addition, acanthosis due to intercellular edema, vesicle
formation and keratinocyte proliferation can also restrict
the visualization. In some other studies different concen-
trations of allergen were used, different types of vehicles

and other types of patch testers, for example T.R.U.E. test
(Thin-layer Rapid Use Epicutaneous Test, Allerderm Lab,
Phoenix, Ariz.) [40, 41]. Since different approaches and
materials could lead to variations in the results, the selec-
tion criteria of the tests should be considered and struc-
tured to obtain more accurate results of the reaction pro-
cesses of the allergic contact dermatitis.

Co and Ni are components of many types of alloy that can
be found in daily life. However, in dental treatment, it is

EJD, vol. 20, n® 6, November-December 2010



possible to avoid such allergens by proper selection of
materials or by using metal free restorations [42, 43].

In conclusion, our study demonstrated the potential of the
RCLM to assist in more accurate interpretation of test
results between allergic, doubtful and irritant reaction on
each allergen, rather than by using visual assessment
alone. l
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