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ABSTRACT

Background: Woodworkers (WW) are exposed to a wide range of occupational hazards and potent allergens.

Objectives: To describe the contact sensitisation pattern of WW with occupational dermatitis (OD).

Methods: In a retrospective study, patch test and clinical data collected by the Network of Departments of Dermatology (IVDK)
from 1999 to 2023 were analysed. Data of 471 WW with OD (89.6% male) were compared with data of 558 WW without OD and
39759 patients from other occupational groups (non-WW) with OD.

Results: Allergic contact dermatitis (32.5%) was the most frequent diagnosis among WW with OD. Hands (63.5%) were predom-
inantly involved. Face dermatitis (8.5%) and dust exposure (36.6%) as contributing factors were significantly more common than
in non-WW with OD. Sensitisations to epoxy resin (5.5%) were significantly more frequent in male WW with OD than in male
WW without OD. Other frequent sensitisations included those to Myroxylon pereirae (7.4%), propolis (5.6%), and colophonium
(5.3%). Sensitisations to chromium, cobalt, thiuram mix, fragrance mix IT and compositae mix IT were significantly less frequent
than in male non-WW patients with OD.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2025 The Author(s). Contact Dermatitis published by John Wiley & Sons Ltd.
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Conclusions: Allergic contact dermatitis is frequent in WW with OD. Important allergens include resins and plant-derived sub-

stances. Airborne OD may interfere with prevention efforts.

1 | Introduction

The professional group of woodworkers, which is often included
among construction workers, encompasses a wide range of dif-
ferent craft occupations, such as carpenters, joiners, veneers, log-
gers, pattern makers, wood turners, wood carvers, braid makers
and basketry makers [1, 2]. In this manuscript they are all collec-
tively referred to as woodworkers (WW). Professionally, WW are
exposed to various irritative and/or allergenic substances, such as
sawdust, paints, varnishes, wood stains, adhesives, spray foams,
solvents, and insulating materials [2, 3]. Moreover, the hands are
exposed to mechanical strain, for example, by carrying rough-
surfaced, heavy loads and the use of hand-held tools, including
saws, drills, grinders, hammers and screw drivers. Due to outdoor
work, some WW are additionally exposed to the varying weather
conditions, which, especially during the fall and winter months,
results in skin strain due to coldness and wetness [2]. All these
skin hazards contribute to an increased risk of developing occu-
pational dermatitis (OD) in WW, manifesting as irritant and/or al-
lergic contact dermatitis particularly on the hands. The incidence
per 10000 person-years of occupational skin diseases in WW has
been calculated in a few studies and was estimated to be 2.6 (95%
confidence interval (CI) 1.9-3.4) in wood processors in Northern
Bavaria (1990-1999) [4] and 1.98 (95% CI 1.4-2.7) in carpenters
and joiners in Finland (2005-2016) [5].

Individuals affected by OD not only experience distressing symp-
toms, such as itch or pain, but are also often emotionally burdened
by the discomfort and limitations the skin condition imposes on
both their professional and personal lives resulting in an impaired
health-related quality of life [6, 7]. Affected individuals are often
incapable of working due to OD, frequently over extended periods
[8]. They face an increased risk of unemployment or must cope
with reduced income due to for example, the necessity of retrain-
ing [9]. This underlines the importance of preventive measures.

This study aims to identify the pattern of contact sensitisations
among WW with OD to facilitate the implementation of targeted
preventive measures for this occupational group. Furthermore,
the findings of this study will enable the refinement of patch
testing recommendations for WW.

2 | Methods
2.1 | Patients

The Information Network of Departments of Dermatology
(IVDK), is a network of departments across Germany, Switzerland
and Austria. Its structure and routine operating procedures are de-
scribed in detail elsewhere [10]. Briefly, patients' histories, clinical
data, and patch test results are recorded in local databases in the
participating centres and, after pseudonymisation, transmitted to
the IVDK central office at the University of Gottingen, Germany.
This also includes the selection of at least one and up to 3 allergen
sources suspected to be causative for the skin lesions prior to patch

testing. Data are subjected to standardised quality control, added
to the central IVDK database, and analysed according to inter-
national standards [11]. The study was conducted in accordance
with the ethical principles for medical research involving human
subjects (WMA declaration of Helsinki) and was approved by
the ethics committee of the University Medical Center Gottingen
(18/12/24). Written informed consent was obtained from all pa-
tients. The following data analysis utilises data from the IVDK,
collected by 62 participating departments of dermatology in the
period from 1999 to 2023. The study group consisted of all WW
with OD whose data were collected in the given period of time.
The comparison groups consisted of male WW without OD and
male patients from other occupational groups (non-WW) with OD
patch tested in the same period of time. The WW without OD had
non-occupational skin disorders (mainly dermatitis) which led
to patch testing to confirm or exclude allergic contact dermatitis.
WW with missing or unknown information on OD status were ex-
cluded from further analyses.

2.2 | Patch Testing

Patch testing and evaluation of reactions were conducted ac-
cording to the guidelines established by the German Contact
Dermatitis Research Group (DKG) [12, 13]. Patch test readings
were performed at least twice, most often on day (D) 2 and 3.
This data analysis primarily considered patch test reactions
on D3. In case a D3 reading was unavailable, the patch test re-
actions on D4 were included instead. Later readings were not
routinely performed. Readings classified as +, ++, or +++,
indicating reactions with erythema, infiltration, papules, and/
or (coalescing) vesicles, were categorised as positive. Patch test
preparations were purchased from Almirall Hermal, Reinbek,
Germany (until 2013), SmartPractice Europe, Greven, Germany
(from 2014 on), and in exceptional cases from Chemotechnique
Diagnostics, Vellinge, Sweden. The composition of the test series
as well as concentrations of single preparations changed during
the 24-year study period, resulting in varying numbers of pa-
tients tested with each single test allergen. Patch test results in-
volving patients' own materials were excluded from the analysis.

2.3 | Data Analysis

Data analysis was conducted in the IVDK central office with
the SAS 9.4 software package (SAS Institute, Cary, NC, USA).
Consideration for comparing the patch test results of WW with
OD to those of the two comparison groups was primarily given
to the DKG baseline series as it provides a representative com-
parative dataset from all three groups. The vast majority of WW
with OD were male. Therefore, and to avoid a sex bias, the com-
parative analyses of sensitisations to the DKG baseline series al-
lergens between WW with OD and the two comparison groups
were only done in males. Reaction rates were standardised to
age (50% < 40years, 50% >40years) using previously published
methods [14, 15]. Significant differences in anamnestic items
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TABLE1 |
woodworkers (non-WW) with OD.

Population characteristics of woodworkers (WW) with occupational dermatitis (OD), WW without OD and all patients not working as

WW without Non-WW with
WW with OD (n=471) OD (n=558) OD (n=39759)
Population characteristics n % [95% CI] n % [95 CI] n % [95 CI]
M Male 422 89.6 [86.5-92.2] 481 86.2[83.1-89.0] 19091 48.0 [47.5-48.5]
o Occupational dermatitis 471 100.02 0 0?2 39759 100.02
A Atopic dermatitis 125 26.5[22.8-30.7] 116 20.8 [17.6-24.4] 12816 32.2[31.8-32.7]
(past or present)
H Hand dermatitis® 299 63.5 [59.0-67.8] 148 26.5[22.9-30.4] 32297 81.2 [80.8-81.6]
L Leg dermatitis® 7 1.5 [0.6-3.0] 50 9.0 [6.7-11.6] 279 0.7 [0.6-0.8]
F Face dermatitis® 40 8.5[6.1-11.4] 67 12.0[9.4-15.0] 2244 5.6 [5.4-5.9]
A Age>40 229 48.6 [44.0-53.2] 328 58.8 [54.6-62.9] 21565 54.2 [53.7-54.7]
Diagnoses®
Allergic contact dermatitis 153 32.5[28.3-36.9] 95 17.0 [14.0-20.4] 12376 31.1 [30.7-31.6]
Irritant contact dermatitis 89 18.9 [15.5-22.7] 30 5.4 [3.7-7.6] 9950 25.9 [24.6-25.5]
Atopic dermatitis 59 12.5[9.7-15.9] 63 11.3 [8.8-14.2] 4352 10.9 [10.6-11.3]
Hyperkeratotic dermatitis 43 9.1[6.7-12.1] 24 4.3[2.8-6.3] 2264 5.7 [5.5-5.9]
Contributing co-factors® 325 69.0 [64.6-73.2 152 27.2 [23.6-31.1] 29350 73.8 [73.4-74.3]
Dusts 119 36.6 [31.4-42.1 35 23.0 [16.6-30.5] 1505 5.1[4.9-5.4]
Occlusive environment 62 19.1 [15.0-23.8] 30 19.7 [13.7-27.0) 11459 39.0 [38.5-39.6]
Mechanical strain 48 14.8 [11.1-19.1] 20 13.2[8.2-19.6] 1936 6.6 [6.3-6.9]
Wetness 21 6.5[4.0-9.7] 8 5.3[2.3-10.1] 8776 29.9 [29.4-30.4]

Abbreviations: 95% CI, 95% confidence interval; OD, occupational dermatitis; WW, woodworkers.

2By group definition.
bSelected main diagnoses.

Selection of the four most common cofactors in WW with OD, the proportions of single co-factors refer to all those with contributing co-factors.

and patch test results were concluded from non-overlapping
95% confidence intervals (CIs) [11]. Additionally, a multivari-
ate logistic regression analysis was performed in mutual con-
trol for three dichotomized explanatory variables, namely
positive patch test reactions to epoxy resin, colophonium, and
4,4’-diaminodiphenylmethane, and the diagnosis of face derma-
titis among WW with OD as the target variable. Model conver-
gence was achieved within the predefined maximum number
of iterations. Observations were independent, and no complete
separation was observed. The model shows no signs of multi-
collinearity by checking the events-per-variable ratio (EPV),
variance inflation factors and pairwise Phi coefficients between
explanatory variables.

3 | Results

3.1 | Patients Characteristics

Between 1999 and 2023, a total of 252683 patients underwent
patch testing in terms of 262 655 consultations within the IVDK

network. Among these were 1245 WW (with and without OD)
and 39759 non-WW with OD. Among the 1245 WW, 37.8%

(n=471) were diagnosed with OD while 44.8% (n=558) did not
have OD (Table 1). In the remaining patch-tested WW, informa-
tion on OD was missing or unknown. These were excluded from
further analyses.

In the present data set, the group of WW with OD primarily
consisted of carpenters and joiners (n=246, 52.2%). A full list
of occupations is presented in Table 2. Similarly, the majority of
WW without OD were carpenters and joiners (n=269, 48.2%)
(Table S1). Non-WW with OD belonged to various occupational
groups (Table S2).

The proportions of characteristics of WW with OD compared
with WW without OD as well as with non-WW with OD are
presented in Tables 1 and 3. The patch tested WW consisted
predominantly of men (WW with OD: 89.6%, 95% CI 86.5-92.2;
WW without OD: 86.2%, 95% CI 83.1-89.0) while non-WW with
OD were significantly more often women (male: 48.0%, 95% CI
47.5-48.5).

The mean age of WW with OD was 39.1years (median: 39; 25%
percentile: 28; 75% percentile: 50) and 48.6% of them were aged
>40years which was significantly lower than in both comparison
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groups. Past or present atopic dermatitis was significantly less fre-
quent in WW with OD (26.5%, 95% CI 22.8-30.7) than in non-WW
with OD (32.2%, 95% CI 17.6-24.4). The majority of WW with OD
had hand dermatitis (63.5%, 95% CI 59.0-67.8) which was signifi-
cantly increased compared to WW without OD (26.4%, 95% CI
22.9-30.4), but significantly less common than in non-WW with
OD (81.2%, 95% CI 80.8-81.6). In addition, 8.5% of WW with OD
(95% CI 6.1-11.4) had face dermatitis which was significantly in-
creased compared to non-WW with OD (5.6%, 95% CI 5.4-5.9). In
WW without OD, face dermatitis was also frequent (12.0%, 95% CI
9.4-15.0). Leg dermatitis was significantly increased in WW with-
out OD (9.0%, 95% CI 6.7-11.6) compared to the other two groups.
In WWwith OD, the main suspected allergen sources prior to patch
testing were woods (49.5%), adhesives/glues (24.6%), and gloves
made from various materials (17.6%), closely followed by paints

TABLE 2 | Occupations of woodworkers (WW) with occupational
dermatitis (OD).
Occupation n %
Carpenter (construction, furniture, coffin), 246 52.2
joiner
Roofer, prefabricated wood assembler 82 17.4
Wood preparer, sawmill worker, veneer 55 11.7
producer, and so forth.
Carpenter, woodworker, and so forth 27 5.7
(unspecified)
Wood surface finisher, stainer, polisher, 21 4.5
veneerer
Model carpenter, mould carpenter 19 4
Wood shaper, wood turner, wood carver 17 3.6
Wooden goods maker (brushes, toys, etc.) 3 0.6
Basket and wickerwork maker 1 0.2
TABLE3

and lacquers (17.0%) and building materials (13.0%) (Table 3). This
differed extensively from the two comparison groups. In non-WwW
with OD, gloves (29.7%) were the main suspected allergen source.

In the group of WW with OD, the final main diagnosis of allergic
contact dermatitis (32.5%, 95% CI 28.3-36.9) was significantly
more common than irritant chronic contact dermatitis (18.9%,
95% CI 15.5-22.7) (Table 1). Other frequent main diagnoses were
atopic dermatitis (12.5%, 95% CI 9.7-15.9) and hyperkeratotic ec-
zema (9.1%, 95% CI 6.7-12.1). A comparable share of non-WW
with OD suffered from allergic contact dermatitis (31.1%, 95% CI
30.7-31.6), but significantly less WW without OD had this main
diagnosis (17.0%, 95% CI 14.0-20.4). A main diagnosis of hyper-
keratotic dermatitis was significantly more common in WW
with OD (9.1%, 95% CI 6.7-12.1) than in those without OD (4.3%,
95% CI 2.8-6.3) and in non-WW with OD (5.7%, 95% CI 5.5-5.9).

Contributing co-factors were significantly less frequently identi-
fied in WW with OD (69.0%, 95% CI 64.6-73.2) than in non-WW
with OD (73.8%, 95% CI 73.4-74.3), but significantly more fre-
quently than in WW without OD (27.2%, 95% CI 23.6-31.1). The
four most commonly attributed co-factors in WW with OD were
dusts (36.6%, 95% CI 31.4-42.1), occlusive environment (19.1%, 95%
CI 15.0-23.8), mechanical strain (14.8%, 95% CI 11.1-19.1), and
wetness (6.5%, 95% CI 4.0-9.7). In non-WW with OD, dusts (5.1%,
95% CI 4.9-5.4) and mechanical strain (6.6%, 95% CI 6.3-6.9) were
significantly less frequently, and occlusive environment (39.0%,
95% CI 38.5-39.6) and wetness (29.9%, 95% CI 29.4-30.4) signifi-
cantly more frequently identified co-factors than in WW with OD.

3.2 | Patch Test Results

The DKG baseline series was tested in 91.7% WW with OD, in
90.2% of WW without OD and in 91.9% of non-WW with OD.
The reaction frequencies standardised to age (50% <40years,
50%>40years) and 95% CI of the males in the three patient
groups are presented in Table 4.

| Thefive most common main suspected allergen sources (up to three per patient could be indicated) prior to patch testing of woodworkers

(WW) with occupational dermatitis (OD), WW without OD and all patients not working as woodworkers (non-WW) with OD.

Suspected WW with OD Suspected WW without OD Suspected Non-WW with OD

allergen allergen allergen

sources n % (95% CI) sources n % (95% CI) sources n % (95% CI)

Woods 233 49.5[44.9-54.1] Leave-on 138 24.7[21.2-28.5]  Gloves (various 11799  29.7 [29.2-30.1]
cosmetics materials)

Adhesives/ 116  24.6 [20.8-28.8] Woods 136  24.4[20.9-28.2] Disinfectants 9712 24.4 [24.0-24.9]

glues

Gloves 83 17.6 [14.3-21.4] External 83 14.9 [12.0-18.1] Leave-on 7583 19.1 [18.7-19.5]

(various drugs cosmetics

materials)

Paints and 80 17.0 [13.7-20.7] Glues 61 10.9 [8.5-13.8] Rubber 5973 14.9 [14.6-15.3]

lacquers

Building 61 13.0 [10.1-16.3] Systemic 48 8.6 [6.4-11.2] Water-based 5230 13.2[12.8-13.5]

materials drugs cutting fluids

Abbreviations: 95% CI, 95% confidence interval; OD, occupational dermatitis; WW, woodworkers.
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The only sensitisation within the DKG baseline series that was
significantly more common among male WW with OD com-
pared to male WW without OD was to epoxy resin (WW with OD:
5.5%, 95% CI 3.2-7.8 vs. WW without OD: 1.3%, 95% CI 0.1-2.4).
In contrast, the sensitisation frequency to epoxy resin in male
non-WW with OD (non-WW with OD: 5.3%, 95% CI 5.0-5.7)
was similar to that of male WW with OD. The only significantly
more frequent sensitisation to DKG baseline series allergens in
male WW with OD compared to male non-WW with OD was to
propolis (WW with OD: 5.6%, 95% CI 3.6-8.2 vs. non-WW with
OD: 2.5%, 95% CI 2.3-2.7). Significantly less common in male
WW with OD compared to male non-WW with OD were sen-
sitisations to potassium dichromate (WW with OD: 4.5%, 95%
CI 2.4-6.6, non-WW with OD: 7.0%, 95% CI 6.7-7.4), cobalt (II)-
chloride (WW with OD: 3.5%, 95% CI 1.6-5.3, non-WW with OD:
5.8%, 95% CI 5.4-6.2), thiuram mix (WW with OD: 1.1%, 95% CI
0.0-2.1, non-WW with OD: 4.7%, 95% CI 4.4-5.0), fragrance mix
II (WW with OD: 0.5%, 95% CI 0.0-1.3, non-WW with OD: 2.9%,
95% CI 2.7-3.2), and compositae mix IT (WW with OD: 0%, 95%
CI10.0-0.9, non-WW with OD: 1.3%, 95% CI 1.0-1.5).

Other very frequent sensitisers of the DKG baseline series
in male WW with OD were Myroxylon pereirae (6.9%, 95% CI
4.7-9.8), methylisothiazolinone (5.9%, 95% CI 2.8-9.0), and
methyldibromo glutaronitrile (5.6%, 95% CI 1.8-9.4), without,
however, any significant differences to the other two groups.
In addition, sensitisation to colophonium (5.3%, 95% CI 3.0-7.6)
was much more frequent in male WW with OD compared to
male WW without OD (1.9%, 95% CI 0.6-3.2), even though again
not reaching significance. Sensitisations to p-phenylenediamine
(PPD) were also frequent, but based on a very lower number of
tested individuals (n =26) and a very broad 95% CI (0.0-25.0).

Other frequently patch tested DKG series in WW with OD were
the series for “resins/adhesives” (n =295, 62.6%), “ingredients of
topical preparations” (n=157, 54.6%), “preservatives” (n=257,
54.6%), and “rubber” (n =203, 43.1%). As shown in Table 5, the
most frequent sensitisers in the DKG series “resins/adhesives”
were 4,4’-diaminodiphenylmethane (MDA, 7.0%, 95% CI 4.3—
10.6), 1,6-hexanediol-diglycidyl ether (5.0%, 95% C12.5-8.7), ben-
zoyl peroxide (4.9%, 95% CI 2.7-8.1), 1,4-butanediol-diglycidyl
ether (4.7%, 95% CI 2.3-8.4), and toluylene diisocyanate (3.7%,
95% CI 0.5-12.7). No sensitisations to any of the “ingredients
of topical preparations” were particularly frequent (Table S3).
Among the “preservatives”, only sensitisations to methyldibro-
moglutaro nitrile 0.3% pet. (MDBGN, 4.3%, 95% CI 1.2-10.5)
and methylisothiazolinone (MI, 3.9%, 95% CI 1.7-7.6) were fre-
quent when these allergens were tested as part of this special
series (Table S4). In the “rubber” series, only the positive patch
test reactions to 1,3-diphenylguanidine (1,3-DPG, 5.5%, 95% CI
2.8-9.6) stood out (Table S5).

Among the 153 WW with OD and allergic contact dermati-
tis as the main diagnosis, the most common sensitisations
were those to epoxy resin (n=22), colophonium (n=16),
4,4’-diaminodiphenylmethane (n=14), Myroxylon pereirae
(n=14), and propolis (n =13) (Table S6). Of these, 21 (13.7%) had
face dermatitis and the most frequent sensitisations in this sub-
group were the same complemented with 1,6-hexanediol diglyc-
idyl ether, which was unfortunately only tested in 12/21 (57.1%)
of the WW with OD (Table S7).

One hundred WW with OD were simultaneously patch tested
with PPD and MDA. Two of the 5 patients with sensitisation
to PPD had a concomitant positive reaction to MDA (40.0%),
whereas 2 of the 7 patients with sensitisation to MDA (22.2%)
had a positive reaction to PPD. Fifty-three WW with OD were si-
multaneously patch tested with PPD and toluylene diisocyanate.
Two had a positive reaction to each of them, but no concomitant
reactions were found.

Three hundred five of 471 WW with OD were simulta-
neously patch tested with epoxy resin, colophonium, and
4,4'-diaminodiphenylmethane. This group included 33 pa-
tients with face dermatitis. In a multivariate logistic regres-
sion analysis, face dermatitis was significantly associated with
colophonium sensitisation (odds ratio [OR] 3.79 [95% CI 1.24-
11.61]), whereas epoxy resin (OR 1.91 [95% CI 0.59-6.22]) and
4,4'-diaminodiphenylmethane (OR 2.47 [0.76-8.03]) had a posi-
tive OR that was not significant.

4 | Discussion

To the best of our knowledge, we here present the largest epide-
miological study separately analysing contact sensitisations in
WW with OD covering a period of 24years. The data demon-
strate that allergic contact dermatitis is common in WW with
OD. The most important allergens include resins and plant-
derived substances.

4.1 | Patient Characteristics

Similar to what has been reported for construction workers,
among which WW are often included, we found a male pre-
dominance among WW with OD [4, 16]. On average, they
were younger than non-WW with OD working in other pro-
fessions. This may indicate that OD occurs rather early in the
professional career of WW, possibly related to a high amount
of exposure to skin hazards, including strong allergens (e.g.,
epoxy resin). As in other professions, primarily the hands
are exposed to these hazards [17]. Accordingly, WW with OD
mainly suffered from hand dermatitis. Compared to non-WW
with OD, hand dermatitis was, however, significantly less
common and instead, face dermatitis was significantly more
common. A high share of face dermatitis in WW with OD has
been reported before [4]. This suggests that airborne exposure
to irritants and/or allergens is prevalent in this profession. In
line with this, dusts were considered the main relevant co-
factor contributing to the dermatitis which was much more
common among WW with OD than in non-WW with OD. WW
are highly exposed to wood dust (e.g., during sawing, grinding
or filing of wood) and other dusts when finishing surfaces or
working with insulating materials (e.g., fibreglass) which may
cause airborne contact dermatitis in uncovered body sites, such
as the face, the neck and lower arms [18]. Moreover, exposure
to volatile allergens (e.g., epoxy resin) must be considered as
13.7% of patients with allergic contact dermatitis as the main
diagnosis had face involvement. In contrast, the high share
of face dermatitis in WW without OD is probably primarily
related to leave-on cosmetics which were the most frequent
suspected allergen source in this group. Another important
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TABLE 5 | Reaction frequencies, supplemented with 95% confidence intervals (95% CI), to allergens of the DKG series “resins/adhesives” in

woodworkers with occupational dermatitis.

Substance Conc. Tested n Pos.n Raw pos. % [95% CI]
4,4’-Diaminodiphenylmethane 0.5% 287 20 7.0 [4.3-10.6]
1,6-Hexanediol-diglycidyl ether 0.25% 221 11 5.0 [2.5-8.7]
Benzoyl peroxide 1% 286 14 4.9[2.7-8.1]
1,4-Butanediol-diglycidyl ether 0.25% 214 10 4.7 [2.3-8.4]
Toluylene diisocyanate 1% 54 2 3.7[0.5-12.7]
Phenylglycidyl ether 0.25% 280 7 2.5[1.0-5.1]
Diethylene triamine 1% 222 5 2.3[0.7-5.2]
Ethyl-2-cyanacrylat 10% 43 1 2.3[0.1-12.3]
Isophorondiamine (IPD) 0.5% 286 6 2.1[0.8-4.5]
Butyl glycidyl ether 0.25% 287 4 1.4 [0.4-3.5]
P.-tert.-butylphenyl glycidyl ether 0.25% 158 2 1.3[0.2-4.5]
Phenol formaldehyde resin (Novolak) 5% 280 3 1.1[0.2-3.1]
Hydroxyethyl acrylate 0.1% 285 3 1.1 [0.2-3.0]
Triethyleneglycol dimethacrylate (TEGDMA) 2% 286 3 1.0 [0.2-3.0]
BIS-GMA 2% 287 3 1.0 [0.2-3.0]
M-xylidendiamine 0.1% 198 2 1.0 [0.1-3.6]
Hydroquinone 1% 115 1 0.9 [0.0-4.7]
Cresylglycidyl ether 0.25% 262 2 0.8 [0.1-2.7]
Ethylenglycol dimethacrylate 2% 286 2 0.7 [0.1-2.5]
2-Hydroxyethyl methacrylae (HEMA) 1% 286 2 0.7 [0.1-2.5]
2-Hydroxypropyl methacrylate (HPMA) 2% 288 2 0.7 [0.1-2.5]
Trimethylhexane-1,6-diamine 0.5% 191 1 0.5[0.0-2.9]
Trimethylolpropane triglycidyl ether 0.25% 192 1 0.5[0.0-2.9]
p-tert.-Butylcatechol 0.25% 258 1 0.4 [0.0-2.1]
Isobornyl acrylate 0.1% 55 0 0.0 [0.0-6.5]
Diphenylmethane-4,4"-diisocyanate 1% 56 0 0.0 [0.0-6.4]
Phenol formaldehyde resin (Resol) 5% 59 0 0.0 [0.0-6.1]
Diethylene triamine 0.5% 66 0 0.0 [0.0-5.4]
2,4,6-Tris(dimethylaminomethyl)phenol 0.5% 77 0 0.0 [0.0-4.7]
4,4'-Dihydroxydiphenyle 0.1% 179 0 0.0 [0.0-2.0]
Methylmethacrylate (MMA) 2% 286 0 0.0 [0.0-1.3]

Note: Vehicle is petrolatum unless aqua (aq.) is specified.

Abbreviations: 95% CI, 95% confidence interval; aq, aqua; conc., concentration; DKG, German Contact Dermatitis Research Group; pos., positive.

co-factor in woodwork is mechanical strain, whereas com-
pared to patients working in other professions with OD, wet-
ness and occlusive environment were less frequently identified
co-factors in WW with OD, indicating rather dry working con-
ditions and limited wearing of occlusive gloves.

Looking at the main diagnoses, allergic contact dermatitis
was much more common than irritant contact dermatitis

indicating that exposure to allergens is often the main cause
of OD in woodwork. Irritant contact dermatitis was signifi-
cantly less common than in non-WW with OD suggesting
that skin irritation is more prevalent in other occupations.
Notably, even though much less frequent than allergic and
irritant contact dermatitis, hyperkeratotic dermatitis was sig-
nificantly more common among WW with OD than among
WW without OD and non-WW with OD. Hyperkeratotic hand
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dermatitis mainly affects the palms and is more frequent in
men than in women [19]. A causal relationship between me-
chanical strain (e.g., friction, pressure) and the development
or worsening of hyperkeratotic hand dermatitis has been sug-
gested. As already mentioned, the hands of WW are subject to
an increased degree of mechanical strain due to for example,
handling of tools, carrying heavy objects, sawdust, splinters
and rough timber surfaces, making the higher prevalence
of hyperkeratotic dermatitis among WW with OD plausible.
Atopic dermatitis is considered a risk factor for developing
OD, particularly of irritant contact dermatitis [20]. Notably,
atopic dermatitis was less frequent in WW with OD than in
non-WW with OD which may explain the lower prevalence
of irritant contact dermatitis in the study group and might be
the result of a healthy worker effect, that is, individuals with
atopic dermatitis chose not to work in this profession or leave
the profession because of work-related skin problems.

4.2 | Glues and Resins

Sensitisation to epoxy resin (diglycidyl ether of bisphenol A) was
the only sensitisation within the DKG baseline series that was
significantly more common among male WW with OD com-
pared to male WW without OD and the most frequent sensitisa-
tion in WW with OD and allergic contact dermatitis as the main
diagnosis. Epoxy resin is a constituent of epoxy resin systems
which are used for example, as adhesives, protective coatings or
binders in paints and varnishes [21-23]. Sensitisation to epoxy
resin is usually work-related and therefore, associated with OD
in patch-tested patients, especially in those working in craft oc-
cupations [5, 17]. Due to its abundant use and high sensitisation
potential, sensitisations to epoxy resin have increased in the past
years, particularly in construction workers [16, 24]. In accor-
dance with our data, others also reported a high prevalence of
sensitisation to epoxy resin in WW with OD, such as carpenters
and joiners [4, 5, 25]. As it is used in many occupations, it was
not unexpected that sensitisation to epoxy resin was similarly
frequent in non-WW with OD. Other constituents of epoxy resin
systems are reactive diluents and hardeners, which are as well
potent sensitisers [26, 27]. In line with this, WW with OD were
also frequently sensitised to the reactive diluents 1,6-hexanediol
diglycidyl ether and 1,4-butanediol diglycidyl ether. Here, apart
from co-exposure, immunological cross-reactivity between each
other and to epoxy resin must be considered [27]. Epoxy resin
and other constituents of epoxy resin systems are volatile and
well-known causes of airborne allergic contact dermatitis in
sensitised individuals [21, 23, 28]. Therefore, it is very likely that
the high prevalence of face dermatitis in WW with OD is also
related to the high prevalence of sensitisations and exposure
to these allergens, even though the logistic regression analysis
did not reveal a significant association between face dermatitis
and epoxy resin sensitisation. In line with this, sensitisation to
epoxy resin was most common in WW with OD and allergic con-
tact dermatitis who had face involvement. The use of protective
gloves and very diligent work hygiene are essential when work-
ing with epoxy resin systems [22]. However, complete protec-
tion from airborne exposure, including exposure as a bystander,
is often not possible which results in a poor prognosis for job
continuation in sensitised individuals exposed to constituents of
epoxy resin systems and related face dermatitis [29].

The frequent sensitisation to 4,4’-diaminodiphenylmethane
(syn. 4,4’-methylenedianiline, MDA) is partially explained by its
use as a hardener in epoxy resin systems in the past, but MDA
also serves as an intermediate in the synthesis of methylene di-
phenyl diisocyanate (MDI) [30, 31]. Therefore, a positive patch
test to MDA is considered a marker for MDI sensitisation [31].
Both MDI and toluylene diisocyanate (TDI) are precursors for
the production of polyurethanes (PU). Products containing
isocyanates, including those which form PU, such as coatings,
paints, varnishes, foams and adhesives, are widely used across
nearly all construction sectors, including the woodworking in-
dustry [32, 33]. MDA is a para-amino compound and therefore,
immunological cross-reactivity to PPD and other para-amino
compounds is possible [30, 34]. However, the current data do
not show a clear association between sensitisation to MDA and
to PPD, rendering primary sensitisation to PPD an unlikely ex-
planation for the high frequency of MDA sensitisations among
WW with OD. In line with this, it should be noted that the ob-
served high prevalence of sensitisation to PPD in WW with OD
was most probably a rather random effect considering the low
number of individuals tested with PPD and the broad 95% CI
including zero.

The frequent positivity to benzoyl peroxide among WW with OD
could be related to its use as an initiator for radical polymeri-
sation in the manufacturing of synthetic resins and adhesives
[35]. However, benzoyl peroxide 1% pet. is considered a problem-
atic test preparation as it is significantly associated with weak
positive patch test reactions and co-reactivity to sodium lauryl
sulfate [36, 37], and therefore with a high risk of false-positive,
irritant patch test reactions. As in painters [21], the occupational
relevance of positive patch test reactions to benzoyl peroxide is
usually untraceable in WW.

4.3 | Plant-Based Substances

Colophonium (rosin) is a complex mixture of various conifer
resin acids such as abietic, dehydroabietic and pimaric acid
which mainly derives from pine wood (Pinus species) [38]. This
probably explains the higher sensitisation frequency to colopho-
nium among male WW with OD than in those without. This
difference, however, was not significant which could be related
to the abundant non-occupational exposure to conifers for ex-
ample, by gardening or the occurrence of colophonium in nu-
merous other applications, for example, medical plasters, wound
dressings or cosmetics [38]. Due to the high content of abietic
acid, colophonium is also a relevant allergen in other occupa-
tions, such as metalworkers [39], explaining the similarly high
frequency of sensitisation to colophonium in non-WW with OD.
The logistic regression analysis revealed a significant positive
association between face dermatitis and sensitisation to colo-
phonium in WW with OD. Airborne allergic contact dermatitis
related to colophonium in sawdust has been reported before [18].
In addition to skin irritation by dusts and the high frequency of
sensitisations to epoxy chemicals, this probably contributed to
the increased frequency of face dermatitis in WW with OD.

The only significantly more frequent sensitisation to a DKG
baseline series allergen in male WW with OD compared to
male non-WW with OD was to propolis which is a bee resin
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composed of more than 100 components including flavonoids,
phenolic compounds/polyphenols, terpenes/terpenoids, ste-
roids, alcohols, and aromatic acids [40]. Among them are var-
ious plant resins, including those derived from buds of trees
commonly used by WW, such as poplar species. Myroxylon
pereirae is the balsam obtained from the bark of the tree
known as Myroxylon balsamum var. pereirae. It contains var-
ious tree resins and essential oils found in woods explaining
the high sensitisation frequency to Myroxylon pereirae in
WW [41-43]. Moreover, co-reactivity among colophonium,
Myroxylon pereirae and propolis is a well-documented phe-
nomenon that is attributed to common or chemically similar
plant-based allergenic constituents [41-43].

4.4 | Biocides

Sensitisation frequencies to MI and MDBGN were higher in WW
with OD and non-WW with OD than in WW without OD, reach-
ing, however, no significance. Because of its previous abundant
use in cosmetics, sensitisation to MI was very frequent in the
IVDK population during the study period, reaching a peak in
2013/14 [44]. Due to EU regulation limiting the use of MI in cos-
metics, it has since then substantially decreased again. However,
MI is still commonly used in industrial products [45] which has
resulted in increasing associations between MI sensitisation and
hand dermatitis and OD in the recent past [44]. Due to its broad
occurrence in water-based paints and varnishes, painters with
OD have been particularly affected. Similarly, occupational ex-
posures to MI in WW are likely predominantly related to paints,
varnishes or glues. Positive patch test reactions to MDBGN have
to be interpreted with caution as false positive reactions, espe-
cially if it is tested at 0.3% pet., have to be taken into account
[46]. In line with this, positivity to MDBGN 0.2% pet. was much
lower. Current exposures to MDBGN are difficult to establish
and historical sensitisation must be considered.

4.5 | Other Allergens

Sensitisations to chromium and cobalt were significantly less
frequently observed in male WW with or without OD than in
male non-WW with OD, indicating that both allergens, which
occur for example, in cement and leather [47, 48], are not typ-
ical sensitisers in WW. Interestingly, in 25 carpenters with oc-
cupational allergic contact dermatitis evaluated in the Finnish
Institute of Occupational Health between 1976 and 1999, the
most frequent contact sensitisers were chromium and epoxy
resin [25]. Similarly, in a register from Northern Bavaria cov-
ering the years 1990 till 1999, sensitisation to chromium was
frequently found in wood processors with OD [4]. Since the
adoption of the EU directive 2003/53/EC aiming at limiting
hexavalent chromium levels in cement, the number of sensiti-
sations to potassium dichromate among construction workers
has substantially declined in the past 20years [16, 49]. Similarly,
the amount of hexavalent chromium in leather articles coming
into contact with the skin has been limited by the EU regulation
301/2014 [50]. The rather low frequency of sensitisation to chro-
mium in male WW with OD in this sample might be the result
of these regulations but may also indicate only limited exposure
to cement and leather (e.g., leather gloves) in male WW with OD.

Similarly, sensitisation to thiuram mix was significantly less fre-
quent in male WW with OD than in male non-WW with OD and
sensitisation to 1,3-DPG was the most prevalent single sensitisa-
tion to a rubber chemical based on the results of the aimed test-
ing of the DKG “rubber” series. However, patch test results with
1,3-DPG 1% pet. have to be interpreted with caution as this test
preparation is known to elicit doubtful or irritant reactions quite
frequently [51]. Overall, the results are very similar to what has
been reported for painters and suggest that WW use protective
rubber gloves rather infrequently in comparison to other pro-
fessions [21]. In line with this, the occlusive environment was
rarely identified as a co-factor in WW with OD.

5 | Limitations

Even though the patch test data collection and analysis within
the IVDK is a long-standing, well-established procedure, the
retrospective, multicenter study design may have introduced
inherent biases, including misclassification or selection biases.
Similarly, missing data (e.g., exclusion of WW with unknown
OD status) may have led to further biases. During the 24-year
study period, the composition of the test series as well as the
concentrations of single preparations changed, resulting in
varying numbers of patients tested with each single test allergen
which may have compromised the analyses. We here focused on
male WW to ensure comparability with the comparison groups.
Therefore, no firm conclusions about female WW with OD can
be drawn. No data on the clinical relevance of positive patch test
results and accompanying clinical severity or course of derma-
titis are available. Moreover, no results of patch testing patients'
own materials (e.g., wood dust) were included. Particularly, al-
lergic reactions to exotic woods, which are well-known causes
of contact allergies in some WW [52], are therefore not covered
in this analysis.

6 | Conclusions

We here confirm that resins and plant-derived substances are
among the most important contact allergens in WW. Thus, in
WW with suspected OD, patch testing should particularly in-
clude the DKG baseline series and the DKG test series “resins
and glues”. Moreover, patch testing patient's own material (e.g.,
wood dust) should be considered. The high share of WW with al-
lergic contact dermatitis and face dermatitis hampers preventive
efforts. Avoidance of relevant allergens by substitution is usually
not possible and possibilities to effectively prevent airborne OD
or dust exposure are limited in WW. However, risk awareness
and diligent work hygiene, particularly when working with
epoxy resin systems, should be promoted and accompanied by
instructions on how to use personal protective equipment, in-
cluding appropriate gloves to reduce exposure to allergens and
mechanical strain. Based on our data, the use of rubber gloves in
protection against for example, epoxy resin systems, paints and
varnishes could potentially be improved. Moreover, masks or
respirators should be used in addition to face shields, goggles or
safety glasses during dust-generating work activities (e.g., when
sawing wood). In case of airborne contact dermatitis to com-
ponents of epoxy resin systems, the ventilation systems should
be checked and if possible improved. However, in these cases it
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might be necessary to spare affected individuals from working
with epoxy resin systems and in surrounding areas.
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