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Summary

Visual assessment of skin reactions has long been used to evaluate the safety of chemicals
and preparations that contact the skin, and to meet regulatory requirements. This article
reviews the history of visual grading scales, and the results of investigations into the
reliability of the method. Some examples are provided to illustrate the diverse array of pro-
tocols that use visual scoring to evaluate skin irritation. Furthermore, as bioengineering
methods are developed that can quantitate certain aspects of skin irritant and sensitization
reactions, itisimportant to consider whether such measures should supplement or replace
visual assessment. Examples of investigations comparing the outcomes of studies that use
visual scoring and those that use bioengineering methods are discussed. These examples
provide little evidence that bioengineering measures provide an improvement in overall
quality in comparison with current testing methods that rely on visual assessment. In
addition, such measuring techniques can add considerably to the complexity of testing
protocols. When benefits and cost are weighed in the balance, the visual assessment scales

popularized by Draize and others remain an effective, practical method of evaluation.
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A History

The four cardinal signs of an inflammatory response are
redness, heat, swelling, and pain, and are said to have
been described as early as 178 A.D. by Celsus (1). Skin
irritation and sensitization are types of inflammatory pro-
cesses that exhibit these signs. The degrees of redness,
heat, swelling and pain are proportional to the extent
of the reaction. For decades, patch testing with visual
assessment of these signs has been the cornerstone of
evaluating skin irritant and sensitization reactions. The
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history of patch testing has been reviewed by Devos and
van der Valk (2) and, more recently, by Lachapelle (3).
There are reports of patch tests being used for dermato-
logical evaluations as far back as 1847, when Stddeler
(Germany) described a method called the blotting paper
strip, which he had devised to examine the effects triggered
by Anacardium occidentale, or the cashew plant. Jadassohn
(1896) (Austria) applied a mercurial preparation topi-
cally and reproduced dermatitis in sensitized subjects.
Bloch (1911) (Basel) described a patch testing technique
for allergens using visual assessment. In the United States,
Sulzberger (1931) published on the utility of patch testing
in the diagnosis of hypersensitivity (4). In 1932, Graves
described the use of patch testing in determining the aeti-
ology of some types of dermatosis reactions, specifically
in identifying contact sensitization reactions caused by
plants (5).
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Unfortunately, these early publications did not pro-
vide details on the visual assessment of the reactions, but
generally described positive reactions as definite surface
changes on the skin, or reactions that included red-
ness, itching, and vesiculation or pustules. Some early
authors acknowledged that there were varying degrees
of response, and specified that a distinction should be
made between a minimal reaction (mere redness), and a
maximal reaction (infiltration, and non-purulent and/or
purulent bulla). In the 1930s, German dermatologists
standardized diagnostic patch testing to a certain degree,
describing both patch test technique and scoring of test
reactions using grading scales (6, 7). A standard series
of patch tests for contact sensitization, with a standard-
ized grading scale, was published by Bonnevie (1939) in
Copenhagen (Table 1a) (8).

Early patch test appliances used gauze squares or blot-
ting paper to hold the test material. These were applied to
a strip of adhesive tape. A layer of oiled silk between the
gauze and the tape provided some occlusion. Improve-
ments in patching appliances were described by Guild
in 1939 (11) and Rokstad in 1940 (12). These authors
described the use of a glass square and a small plastic

Table 1. Early standardized visual assessment scales

Numerical

Description equivalent

o

Human diagnostic patch test, 1939 (8)
Spotty erythema (+)

Few or more infiltrated papules +, ++), ++
With minimal vesicles ++(+)
Typical oozing eczema in the test area +++
Pronounced erythema, strong infiltration and closely ~— + + +(+)
spaced vesicles
With bullae ++++
b. Human diagnostic patch test, 1944 (9)
Erythema on the area of application 1+
Erythema and oedema 2+
Erythema, oedema, papules, and a few vesicles 34+
Erythema, oedema, many vesicles, and, in some cases, 4+
ulceration
. Primary irritation, animals and humans, 1944 (10)
Erythema and eschar formation
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet redness) to slight eschar 4
formation (injuries in depth)
Oedema formation
Very slight oedema (barely perceptible) 1
Slight oedema (edges of area well defined by 2
definite raising)
Moderate oedema (area raised ~ 1 mm) 3
Severe oedema (raised >1 mm and extending 4

beyond area of exposure)
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chamber, respectively, to hold the test substances in
place. These early appliances developed into a number
of standardized patch testing systems, such as the Finn
Chambers®, the Webril™ patch, the Hill Top™ patch,
and the Van der Bend® chamber. Finn Chambers® have
been widely used by many national contact dermatitis
research groups in routine diagnostic testing of patients
with suspected contact allergies (13, 14).

In 1944, Schwartz and Peck described in greater detail
a method of diagnostic patch testing for human subjects
in order to identify the potential sources of dermatitis
reactions (9). They described the use of gauze squares
saturated with the test substance, and applied to the skin
for 24 hr. The gauze was covered with a layer of cello-
phane and adhesive tape. A four-point numerical scale
was specified for scoring, with higher numbers indicating
more extensive reactions (Table 1b). Interestingly, they
also proposed the use of two diagnostic patch tests applied
10-14 days apart as a means of predicting whether a
material was a contact sensitizer, using the same four-
point scale. This was an early reference to the use of patch
testing in prophetic tests for contact sensitization. Proto-
cols for such investigations were subsequently developed.

In using patch testing for contact allergy, authors often
stress the importance of avoiding irritant reactions, which
can be difficult to distinguish from allergic reactions. How-
ever, patch testing and other protocols involving dermal
exposure have been developed precisely for the purpose
of evaluating irritation. In the same year as the Schwartz
and Peck publication, in response to the introduction of
many new compounds and topical preparations to the
marketplace, scientists at the Food and Drug Adminis-
tration (FDA) recognized a need to bring some standard-
ization to tests conducted to study local toxicity to the
skin and mucous membranes (10). These FDA scientists
described several protocols for evaluation of the toxic-
ity (acute and repeated dose) and primary irritation of
materials applied to the skin. They included a standard
visual assessment scale for primary irritant reactions on
the skin of animals and humans, whereby numerical val-
ues were assigned to correspond with descriptions of the
physiological reactions of redness and oedema (Table 1c).
Such a numerical scale was proposed to facilitate com-
parisons of different compounds, and enable arithmetical
interpretations.

The use of diagnostic patch testing in humans became
very widespread in the 1950s and 1960s.In 1970, mem-
bers of the International Contact Dermatitis Research
Group (ICDRG) published a common grading scale to
facilitate accurate communication of patch test results
(Table 2a) (15). This scale became widely used for allergic
contact dermatitis.
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Table 2. Revised standardized visual assessment scales recom-
mended by regulatory agencies and professional societies (1970s)

Numerical
Description equivalent
a. Human diagnostic patch test recommended by
the ICDRG (1970) (15)
Not tested NT
Doubtful reaction 7+
Weak (non-vesicular) reaction +
Strong (oedematous or vesicular) reaction ++
Extreme reaction +++
b. Primary irritation in animals recommended by
the NAS (1977) (16)
Erythema and eschar formation
No erythema 0
Very slight erythema (barely perceptible) 1
Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet redness) to slight eschar 4
formation (injuries in depth)
Oedema formation
No oedema 0
Very slight oedema (barely perceptible) 1
Slight oedema (edges of area well defined 2
by definite raising)
Moderate oedema (area raised ~ 1 mm) 3
Severe oedema (raised >1 mm and extending 4
beyond area of exposure)
. Primary irritation in humans recommended by the
NAS (1977) (16)
No response 0
Questionable or faint, indistinct erythema 1/2 or +
Well-defined erythema 1
Erythema with slight to moderate oedema 2
Vesicles (small blisters) or papules (small, 3
circumscribed elevations)
Bullous (large blister), spreading, or other severe 4
reaction

ICDRG, International Contact Dermatitis Research Group; NAS,
National Academy of Sciences.

With the passage of the Consumer Product Safety
Act, and the creation of the Consumer Product Safety
Commission (CPSC) in 1972, the regulation of consumer
product safety was placed at the federal level in the United
States, with a common set of uniform standards (17).
The CPSC requested that the Committee on Toxicol-
ogy of the National Academy of Sciences (NAS) develop
methods for evaluating dermal irritation in animals and
humans. These were published in a procedures manual
in 1977 (16), and used for many years by regulatory
agencies, private companies, and research organizations.
The test for skin irritation in animals used the visual
assessment scale shown in Table 2b. This scale was very
similar to that described by Draize et al. (10) (Table 1c),
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except for the addition of scores of ‘0’ for no erythema and
no oedema.

The protocol for evaluating skin irritation in animals
originally published in the 1977 NAS procedures manual,
and the accompanying visual assessment scale, remained
virtually unchanged for decades. Such protocols were
specified by worldwide regulatory agencies as part of
the risk assessment process (18—-20). In addition, the
American Society for Testing and Materials published
a version of the protocol (21). Results of skin irritation
testing in animals provided the essential data for deter-
mining whether materials or products posed a hazard
with regard to skin irritation, and therefore required cau-
tionary or warning labelling (22, 23). This protocol is still
used by many, although, since the 1990s, there has been
a shift towards alternative methods that use fewer or no
animals (24).

A protocol for evaluating irritant reactions in humans
was also specified in the NAS procedures manual in
1977 (16). This protocol differed from the recommenda-
tion of Draize et al., in that it specified a 4-hr exposure
time rather than 24-hr, and suggested an alternative
visual assessment scale (Table 2c) based on one developed
by Marzulli and Maibach in 1975 (25). This integrated
scoring scale for erythema and oedema accommodated
the wider variety of visible responses seen in humans, that
is, papules, vesicles, and spreading reactions.

The NAS standards published in the 1977 proce-
dures manual did not specify particular protocols for
evaluating contact sensitization in either animals or
humans; however, several protocols were mentioned
as being acceptable. For evaluations in animals, these
included methods utilizing intradermal injection (10),
topical application (26, 27), or a combination of injec-
tion and topical application (28). Evaluations in humans
included protocols utilizing topical application, with (29)
or without (10, 30) prior irritation of the patch test site.
All of these methods used visual assessment to eval-
uate the results, and many specified a scale to score
the extent of erythema, and a means for describing
the degree of oedema, induration, vesiculation, and
Necrosis.

As in the case of test protocols for skin irritation,
standard protocols for evaluating contact sensitization
using visual assessment scales were published worldwide
by regulatory agencies (31, 32) and voluntary testing
organizations (33). Over the years, protocol variations
using visual assessment scales have been developed to
evaluate contact sensitization in animals (34, 35) and
humans (36, 37). As with evaluations of irritation, there
has been a shift in recent years towards alternative meth-
ods that use fewer animals. Methods such as the local

67



VISUAL GRADING SCALES e FARAGEET AL.

lymph node assay are being incorporated into the overall
approach for evaluating sensitization (38, 39).

For decades, visual assessment of skin reactions has
been used to evaluate the safety of chemicals and prepa-
rations that contact the skin, and to meet regulatory
requirements for product labelling. However, product
manufacturers also have a need to evaluate other aspects
of dermal safety that may not be adequately addressed
with the protocols discussed above. As a result, numerous
testing methods have been developed to provide informa-
tion on skin effects and product mildness. These protocols
vary widely in exposure methods, and are often tailored
for specific types of products, and designed to simulate
or exaggerate actual exposure conditions that consumers
may experience in the real world. Some examples are
provided in Table 3. This list is not intended to be a com-
prehensive list of all test methods currently available or
in use, and nor is it an endorsement of these methods.
Rather, it is meant to convey the broad and diverse nature
of test protocols that have evolved to evaluate unique cir-
cumstances of exposure. Although the means of exposure
in these tests vary, they share a common reliance on a
visual scoring system to determine skin effects.

Reliability

Visual assessment of skin reactions has been the corner-
stone of skin testing for decades. Reliable testing facilities
make every effort to train the skin graders thoroughly, and
to control the grading conditions to reduce the potential
for variation. However, it remains a subjective evaluation,
and the question is sometimes raised about the repro-
ducibility of the evaluation. Investigators have conducted
studies demonstrating the reliability of visual scoring, as
reviewed below.

Falk et al. (50) investigated agreement in visual scor-
ing, using both an irritant [sodium lauryl sulfate (SLS)]
and induced photoreactions. Volunteer test subjects were

Table 3. Examples of test protocols that use visual scoring

Method References

Forearm wash test (40, 41)
Repeat application tests (42)
Repeat open application tests (43)
Cumulative irritation tests (43)
Chamber scarification test (44)
Behind-the-knee test (45)

Fabric wear test (46, 47)
Extended-duration home use test (46, 47)
Soap chamber test (48)
Chamber scarification test (49)
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patch tested with a concentration series of SLS (0.5—-6%)
and increasing exposure to ultraviolet (UV)-B irradiation
(42—126 mJ/cm?). Test sites were evaluated by both the
subjects themselves (on a two-point scale, i.e. positive or
negative) and the investigators (using five-point scales,
with any score of >0 being considered a positive). In the
irritant patch series, self-readings correlated well with
investigator determinations, with absolute agreement
being seen in 76.9% of cases. Disagreements occurred
when the subject reacted to a broad range of concentra-
tions of SLS. In these instances, the test subjects tended
to under-report the reactions. In the UVB series, absolute
agreement between investigator and self-reading was
found in 85% of cases. The weighted kappa («) for agree-
ment between observations was 0.76 for SLS reactions
and 0.83 for UVB reactions.

Ivens etal. (51) evaluated the agreement in visual
grading among five dermatologists, using photographs
of 55 patch tests performed with different allergens. The
observers were asked to score the patch tests using the
both the ICDRG standard five-point scale and a simpli-
fied three-point scale (positive, negative, and irritant).
With the ICDRG scale, the results showed fair agreement
when pairwise comparisons were conducted among the
five dermatologists, with «-values mostly in the range
of 0.42-0.68 (one outlier produced a «-value of 0.37).
Agreement was much higher with the three-point, scale
with «-value for pairwise comparisons in the range of
0.61-0.80.

Uter et al. (52) also used digital photographic images
to evaluate the agreement on visual scoring. These inves-
tigators used 20 different digital images of patch test
reactions to contact sensitizers or irritants. These were
examined by 122 participants from several countries. Par-
ticipantsincluded consultant dermatologists, researchers,
practising dermatologists, and professors in dermatology.
Each participant rated each image on a five-point scale
for contact sensitization, or as an irritant reaction. On
average, 63.5% of all ratings were in exact agreement.
This percentage increased to 87.8% when the ratings
were considered on the basis of non-positive (no evident
reaction) and positive (any skin reaction, including faint
erythema).

A systematic study of the agreement on scoring clin-
ical erythema was conducted by Lock-Andersen and
Wulf (53). Twenty-one healthy, Caucasian volunteer
subjects received a series of graded UV exposures (five
increments and no exposure) symmetrically on both but-
tocks, resulting in a total of 42 phototests for clinical
scoring. Twenty hours to 24 hr after UV irradiation,
eight physicians working in a dermatology department
where phototesting is a routine procedure visually scored
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the erythema reactions on a five-point ordinal scale.
Scoring was performed blinded, with the identity of the
subjects concealed. Each site was scored twice by the
same physician to evaluate intra-observer agreement.
Scores from different physicians allowed evaluation of
inter-observer variation. Observers were asked to deter-
mine the irradiation dose that produced barely perceptible
erythema (4), and erythema with a well-defined border
(>1). The variability for determining barely perceptible
erythema was less than the variability for determining
well-defined erythema. For both inter-observer and intra-
observer variability, the agreement at the lowest dose
was high (83.5% and 90.5%, respectively), with «-values
consistent with good agreement (0.68 and 0.80, respec-
tively). Less agreement was observed as the doses of
UV increased. At the highest two dose increments (i.e. the
fourth and fifth), agreement was moderate. Inter-observer
agreementwas 57.1% (k = 0.45)and 52.9% (x = 0.40),
respectively, and intra-observer agreement was 66.7% for
both doses (x = 0.53 and k = 0.57, respectively).

Griffiths etal. (54) conducted an intra-laboratory
comparison of results from patch testing of volunteer
human subjects using eight substances and 20% SLS as
a positive irritant control. Patches of test substances were
applied progressively for up to 4-hr to avoid unacceptably
high levels of irritation. All laboratories scored reactions
using the same four-point scale; however, any degree
of erythema (i.e. a reaction of 1+ or greater) was an
indication of a positive reaction for irritation. Laboratories
were located in the UK, Germany, the United States,
and China, and studies were conducted over a 2-year
period (1994-1996). Specific protocols varied in the
total overall duration of each patch application, and the
site of reapplication (i.e. the same site or a different site). In
spite of variations in the protocols, there was agreement
in approximately 80% of the evaluations between the
various laboratories with regard to the classification of
materials as irritants for the purposes of labelling.

All of the above investigations lead to an overall con-
clusion that visual scales are reproducible with regard
to classifying reactions as negative or positive, meaning
that it is relatively easy to evaluate a reaction for the
absence or presence of erythema. Evaluating the intensity
ofthe erythema appears to be somewhat less reproducible.
This would suggest that simplified grading scales may be
the best approach when comparing results from differ-
ent investigators or different studies. However, Basketter
et al. (55) conducted a controlled evaluation of the repro-
ducibility of patch test scoring in the testing of irritants,
using an expanded grading scale. Graders were trained
with a photographic index of possible skin reactions,
and in side-by-side blinded assessment with experienced
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graders. Human volunteers were patch tested (24 and
48 hr) with test materials, including an irritant control
(0.3% SLS), and a negative control (water). A total of five
observers was used for the studies. In each study, pairs
of observers conducted scoring, each working indepen-
dently. Observers were blinded with regard to the specific
test or control sample patch tested at the individual test
sites. Skin reactions were scored on a 10-point scoring
scale, where O was no reaction and 9 was an intense,
strong erythema that may spread beyond the exposure
site. In this scoring scale, the bottom half of the 10-point
scale (scores of 0—5) focused on minimal or slight reac-
tions. The top half (scores of 6—9) was comparable to
the more traditional scoring scale in the description of
reactions, such as that shown in Table 2¢. Thus, the
scoring scale was designed to differentiate between mild
and medium reactions. Paired scoring was conducted for
a total of 1445 individual assessment points over the
course of three experiments. In just over half (50.31%),
the two scorers gave an identical grade (Table 4).In 1275
cases (88.24%), scores were within one numerical grade
of agreement, and in 1411 cases (97.64%), scores were
within two numerical grades. In only 34 of the cases
(2.35%) was the discrepancy three or more numerical
grades out of the 10-point scale. This study suggests that
relatively subtle degrees of erythema could be reliably
discriminated by observers trained to recognize reactions
of various intensity using photographic images.

Visual Scoring versus Bioengineering
Methods

Visual scoring can be standardized through appropriate
training and experience. However, this method of data

Table 4. Comparison of visual scoring in human patch testing:
Inter-observer agreement on a 0—9 scale (55)

Frequency over studies

Difference between observers® Number Percentage
0 727 50.31
1 548 37.92
2 136 9.41
3 16 1.1
4 10 0.69
5 3 0.21
6 3 0.21
7 2 0.14
Oor1 1275 88.24
0,1,0r2 1411 97.64
>3 34 2.35

aThe difference represents the degree of disagreement on the numer-
ical scale of 0—9 between two observers scoring independently.
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collection still involves an element of human judgement.
A common question is whether a purely objective measure
would increase the robustness of the protocols, and enable
the differentiation of more subtle skin reactions. Although
bioengineering methods have come into more common
use for the evaluation of skin reactions and disease states,
there is little evidence that the use of such bioengineering
methodsimproves the sensitivity and overall quality of the
test result. Furthermore, a potential limitation of bioengi-
neering methods is that each measure evaluates only one
aspect of the overall reaction. For example, increases in
colour intensity (redness) can be measured with spectro-
radiometers or chromometers. Increases in blood flow can
be measured by laser Doppler flowmetry (LDF). Barrier dis-
ruption can be measured with evaporimeters. Increases
in skin thickness resulting from oedema and vasodilata-
tion can be measured with ultrasound scanners. However,
only visual assessment can evaluate all aspects of the reac-
tion simultaneously. A number of investigators have con-
ducted comparative studies between visual scoring and
the results obtained from various bioengineering meth-
ods. Some of these comparison studies are reviewed below.
In a study conducted by Willis et al. (56), 10 subjects
were patch tested with a series of seven irritants and two
controls. Reactions were scored visually on a five-point
scale, and evaluated by LDF. The mean LDF readings
correlated well with visual scores, producing a Spearman
rank correlation coefficient (r) of 0.91 (p < 0.001). In
addition, the means from LDF measures that corresponded
to an incremental increase in the visual scores were sig-
nificantly different from each other; that is, the mean LDF
reading for the reactionsthat were scored 0.5 on the visual
scale was significantly different from the mean reading
for sites that were scored O and for sites that were scored
1 on the visual scale. However, when LDF measures for
individual sites were considered rather than the means,
there were some notable outliers that were not consistent
with the visual scores, indicating that LDF measures may
not always be reliable for individual assessments. Also,
the minimum time needed to measure blood flow at 10
patch sites was 45 min, as compared with 5 min for a
visual assessment. In addition, the subject was required
to lie in a relaxed position in quiet surroundings, in order
to obtain steady LDF readings. The authors concluded
that LDF was not suitable for routine patch testing.
Seidenari and Belletti (57) compared both colorimet-
ric and echographic procedures with visual scoring.
These investigators patch tested 120 nickel-sensitive
subjects with 40 mg of 5% nickel sulfate, and evalu-
ated the reactions at baseline (i.e. before patching) and
at 72 hr post-patching, using visual, echographic and
colorimetric assessments. They found that echographic
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evaluations showed significant increases in value for reac-
tions scored visually as +, ++, and + + +. Colorimetric
values increased with higher visual scores. However, the
intense reactions (4+ + +) did not differ from the more
moderate reactions (++).

Agner and Serup (58) applied increasing concentra-
tions of SLS (0.12—1%) via patch tests on the volar
surfaces of the forearms of 12 volunteer subjects. Reac-
tions were evaluated at 24- and 48-hr on a visual scale,
and by several bioengineering measures [transepidermal
water loss (TEWL), colorimetry, LDF, and skin thickness
using an ultrasound scanner|. As expected, the mean
of the visual scores showed a linear dose—response rela-
tionship with increasing concentrations of SLS (statistical
analysis was not reported). All bioengineering measur-
ing methods showed a significant difference between
normal skin and 0.12% SLS, and a significant linear
dose—response relationship.

Lahti etal.(59) conducted a comparative study of
visual assessment (four-point scale), LDF and three
reflectance erythema meters for measuring erythema
reactions. Skin reactions in 15 subjects were caused by
UVB irradiation, or two well-known substances known
to elicit non-immunological immediate contact reactions
in the skin (benzoic acid and methyl nicotinate). The
correlation between visual assessment and the measured
values for the benzoic acid, methyl nicotinate and UVB
reactions was good with all of the instruments, with
the Spearman’s rank order correlation coefficient varying
between 0.54 and 0.79 (p < 0.001).

The use of LDF was evaluated by Wahlberg (60). Eleven
common solvents were applied undiluted to the volar
surface of the forearm of 1 individual, using two different
techniques: a 5-min application inside a 20-mm-diameter
glass ring, or application of 0.1 ml, which was allowed to
spread on the surface and evaporate for 5 min. The results
showed a similar rank order of potency to visual scoring.
The author concluded that LDF may provide additional
information in the case of a marginal irritant; however, it
cannot replace the traditional visual scoring.

In a study by Babulak et al. (61), the irritation caused
by six different treatments with soap and detergent bar
solutions applied to human volar forearms was assessed by
three measures: visual scoring, Minolta™ Chroma Meter
measurements of redness, and TEWL. All three methods
of assessment were in agreement, and two treatments,
B and D, were significantly (p < 0.01) less irritating
than the other four treatments (A, C, E, and F). The
correlation coefficients between visual scoring and both
instrumental measures were significant: r = 0.97 for the
chroma meter measurement (p < 0.003), and r = 0.86
for TEWL (p < 0.03).
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Zuang et al. (62) undertook an investigation with the
goal of determining which of three non-invasive meth-
ods (LDF, evaporimetry, and colorimetry) was the best
predictor of the visual scores. Fifty-one patients (Cau-
casian males and females), sensitized to various chemicals,
participated in the study. A standard patch test series
containing different test allergens was adapted to each
patient’s medical history, and applied to the skin of the
patients’ backs. In total, 133 patch test reactions were
evaluated on the 51 patients in the study. All three instru-
mental methods were useful in discriminating between
any positive reaction and a negative one. However, with
regard to the severity of reactions based on the visual
scale of 1+ to 4+, each of the three instrumental methods
misclassified skin reactions on known sensitized subjects
in 36—38% of cases. The percentage of misclassifications
was reduced to 21% when all three methods were used
concurrently.

Fluhr et al. (63) evaluated eight bioengineering meth-
odsin the assessment of irritant reactions. The goal was to
determine which of these methods could detect significant
skin changes induced by different types of irritation over
time. ITrritation reactions were induced with five meth-
ods: 2% SLS (6-hr patch), tape stripping (tape applied
15 times), 0.05% tretinoin (2-hr patch), 0.5% dithra-
nol (2-hr patch), and UV exposure (6-second exposure
to 30 W/m? UVB and 95 W/m? UVA). Measurements
were conducted prior to irritation induction, and at 24,
48 and 72 hr. The results showed that visual assess-
ment was more discriminating in detecting skin changes
over time than colorimetric measurement (red—green and
black—white measures), capacitance measures, and mea-
sures of TEWL. Visual assessment performed similarly to
Mexameter® haemoglobin measures and LDF. The only
method that was more discriminating over time than
visual assessment was LDF.

Magnusson and Koskinen (64) evaluated the effects
of topical capsaicin treatment, using several methods to
determine whether some were more sensitive than oth-
ers in detecting skin irritation. The methods included
impedance, visual assessment with measurement of the
flare, panelists’ descriptions of cutaneous sensations,
LDF measures of cutaneous blood flow changes, and
impedance monitor measurement of changes in the skin.
Visual assessment, descriptions of sensations and LDF
measurements produced similar results, and showed a
maximum effect at approximately 30 min, with resolu-
tion after 3 hr. Electrical impedance did not show any
significant differences when the values at baseline were
compared with those after capsaicin application.

Ollmar et al. (65) compared bioengineering methods
using irritation induced by 24-hr patch tests with
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SLS at concentrations ranging from 0.1% to 5.0%.
Skin sites were evaluated prior to treatment (base-
line) and on days 1, 2, 7 and 14 post-treatment.
They found close agreement between visual scoring,
electrical impedance, and TEWL. Electrical capaci-
tance and LDF produced results inconsistent with the
other measures, and results obtained with these meth-
ods showed fewer significant changes from baseline
values.

Fullerton et al. (66) investigated laser Doppler perfu-
sion imaging in scoring the responses of skin sites treated
with three irritant materials at increasing concentrations
(SLS, retinoic acid, and nonaoic acid). Visual scoring was
conducted with a 0—4 grading scale. Laser Doppler perfu-
sion imaging was conducted after a 15-min acclimation
of subjects in a temperature-controlled and humidity-
controlled environment. A dose—response relationship
was observed with both the visual scoring and LDF, indi-
cating similar discrimination for these two assessment
methods.

Wigger-Alberti et al. (67) evaluated the irritancy of
three metal-working fluids, using visual scoring, TEWL,
and chromometry. Two exposure methods were used to
produce irritation: a 24-hr patch test, and a cumulative
irritation test (6 hr of exposure each day for 13 days,
except on the 2-day weekend). All methods of evalua-
tion, that is, visual scoring, TEWL, and chromometry,
were in agreement, and produced an identical rank order
of irritation of the three test materials in both exposure
models.

Held et al. (68) investigated visual scoring with the
Derma Spectrometer™ in detecting contact sensitization
in allergic subjects. The Derma Spectrometer™ measures
an erythema index based on blood flow. The study
was designed to determine which scoring method better
differentiated between degrees of reactivity: visual scoring
or measured erythema index. Patients with formaldehyde
allergy were patch tested with a concentration series
(010000 ppm formaldehyde), and reactions were
evaluated. A correlation coefficient was calculated for the
concentration of formaldehyde and either the visual score
or the erythema index. The resulting visual scores showed
a higher correlation coefficient (r = 0.60) with the
applied concentrations than the spectrometer measure
of erythema index (r = 0.35), demonstrating that the
visual scoring was better able to discriminate between
degrees of reactivity.

Andersen and Straberg (69) evaluated the utility of
measuring perfusion (by LDF) and swelling (via skin
fold thickness) in allergic contact dermatitis reactions in
guinea pigs. Contact allergy to chlorocresol was induced
in guinea pigs with a maximization method, and animals
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were challenged with two concentrations of the substance
(1% and 0.1%). Visual scores that were not indicative
of sensitization were O and 1 (no and slight reactions,
respectively). Scores indicative of sensitization were 2 and
3 (moderate and intense reactions, respectively). Mea-
sures of perfusion discriminated between animals that
were not sensitized (i.e. scores of O or 1) and animals
that were sensitized (i.e. scores of 2 or 3). Measures of
swelling discriminated between the severity of the chal-
lenge response (i.e. between scores of 2 and scores of 3).
Both measures discriminated between the challenge con-
centrations of 1% and 0.1% in sensitized animals. These
authors concluded that quantitative methods were useful
supplemental measures in evaluating inter-observer and
inter-laboratory differences.

Comparing the Benefits of Visual Scoring
and of Bioengineering Methods

Clearly, a key benefit of bioengineering methods over
visual scoring is the fact that bioengineering methods
are purely objective, with no element of human judge-
ment. They can directly measure the specific physiological
changes that may occur during skin reactions. Quanti-
tative measures of barrier function, hydration, changes
in blood flow, etc. can provide insights into biochemical
changes and mechanisms of action that occur over the
time-course of the reaction. In addition, most bioengineer-
ing methods provide results on a linear, continuous scale,
making statistics easier to apply. Visual assessment can-
not directly measure these specific physiological changes,
and nor are the visual scales continuous, or necessarily
linear.

Conversely, there are some clear disadvantages to the
use of bioengineering methods. Some of these parameters,
such as blood flow, skin thickness, and skin pigmentation,
can vary between individuals or between different regions
of the body. For bioengineering measures that rely
on optics, such as LDF, care must be taken to avoid
applying samples to test sites that may have uneven
pigmentation, such as blemishes or freckles (66). Scaling
resulting from dryness, a common condition with some
irritants, may also produce optical interference (66).
Sample application on the back may not be appropriate,
as movement resulting from normal respiration may
create artefacts (66). Andersen and Straberg observed
effects on measures of perfusion and swelling caused
by tape and shaving irritation at the test sites (69).
This is only a partial list of some of the controls and
considerations necessary when bioengineering measures
are used. A more complete discussion can be found in
Breternitz et al. (70).
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The use of bioengineering methods adds considerable
complexity and cost to the testing protocols. For example,
many of these measures can be performed effectively
only after the subject has acclimatized in a temperature-
controlled and humidity-controlled environment. This
requirement not only adds steps to the study, but also
adds to the time commitment required of volunteers
considering participation in the study. Furthermore,
the time required to make the measurements is almost
invariably longer than that required for a trained, visual
grader to make an assessment. It may be necessary
to control ambient light and temperature for some
bioengineering measures. As a result, the grader must
develop an additional set of skills to control and monitor
these variables.

Current test protocols for skin reactions have been opti-
mized over decades to provide results that can be assessed
via visual scoring. These protocols continue to serve us
well in the practical evaluation of irritation or sensitiza-
tion reactions. There is little evidence that bioengineering
measures improve sensitivity or overall quality in compar-
ison with current testing methods, as illustrated by the
preceding discussion of comparative studies. However,
the rapidly evolving bioengineering techniques will prob-
ably prove more useful in providing information that will
deepen our understanding of the processes that occur in
inflammation and skin reactions. Physiological changes
that occur early in the process of irritation, such as
changes in blood flow, moisture content, and pH, would
be expected to occur before any reaction is visible. In fact,
such changes undoubtedly occur in reactions that never
present with visible changes, that is, subclinical reac-
tions. An ability to measure these physiological changes
may allow us to detect subtle skin effects (71). We have
recently reported the use of cross-polarized light to allow
visualization of subsurface erythema; this increased the
ability to distinguish between subtle skin effects caused
by two very similar products following application of the
materials in a behind-the-knee study (72). In order to
fully exploit this new technologys, it is likely that specific
protocols will need to be developed with this objective
in mind.

The usefulness of any scoring method is directly related
to the purpose of the experiment. When evaluating the
presence or absence of irritation or sensitization as the
result of exposure to a material, bioengineering methods
tend to provide information that is not necessary, without
providing a better measure of these endpoints. After all,
there is no need to use a sledgehammer to drive a nail,
or a calliper to measure a kilometre. Basketter et al. (55)
pointed out that, when a rapid visual assessment is all that
is necessary to meet the purpose of the experiment, such
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an assessment can be performed reliably in the hands
of a sufficiently trained grader. When benefits and cost
are weighed in the balance, the visual assessment scales
popularized by Draize and others remain an effective,
practical method of evaluating skin irritation and contact

sensitization reactions.
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