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Abstract

In this study, an appropriate visual scoring system for foot-pad dermatitis was validated, considering the histologically measured
depth of the inflammation zone and the histopathological grade (no lesion, mild lesion, ulcer). The aim being to evaluate whether
the visual, macroscopic scoring of foot-pad dermatitis can represent the histological, microscopic findings. Two hundred Ross 308
broiler chicken feet (birds aged 39–42 fattening days) were collected at a slaughterhouse and scored macroscopically according
to a modified version of the Welfare Quality® Assessment Protocol for Poultry. Afterwards, 200 histological slides (one per foot)
were prepared, the extent of the inflammation measured and all slides scored by veterinarian pathologists using Michel et al’s
modified scheme. The statistical relationship between microscopic and macroscopic score and depth of inflammation were
estimated via regression models. Increasing macroscopic score was found to be linked with an increase in microscopic score and
the depth of inflammation. In particular, feet without lesions and feet with ulcers were identifiable using the macroscopic score.
Macroscopic scoring of foot-pad dermatitis can mirror histological findings once certain limitations are taken into account (super-
ficial lesions were not clearly identifiable). Foot-pad dermatitis is considered a useful indicator of animal welfare and our findings
suggest that visual, macroscopic scoring could be a practicable assessment tool. 
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Introduction
Foot-pad dermatitis (FPD) is a contact dermatitis on the
plantar surface of the foot pad in broilers which can
cause acute inflammatory and necrotic lesions (Greene
et al 1985; Shepherd & Fairchild 2010). ‘Hock burn’ and
‘breast burn’ are similar forms of contact dermatitis,
showing the same clinical signs in poultry as FPD but
appearing on other parts of the body (Haslam et al 2007).
The severity of FPD can depend on genetics (Ask 2010),
stocking density (Bruce et al 1990; Spindler & Hartung
2011) and nutrition (Martland 1985), but the primary
cause is wet litter (Martland 1985; Meluzzi et al 2008;
Weber Wyneken et al 2015). Since FPD is a common
occurrence in the conventional poultry industry (Saraiva
et al 2016) and, almost certainly, painful (Algers & Berg
2001), it is a useful indicator of animal health and
welfare (Allain et al 2009). 

First described in the 1980s (Greene et al 1985; Martland
1985), this has been the subject of several studies
throughout recent decades and several authors have had
various scoring systems published that have sought to cate-
gorise FPD (Greene et al 1985; Martland 1985; Ekstrand
et al 1997, 1998; Bilgili et al 2006; Welfare Quality®
2009; McKeegan 2010). As a result there is no fixed and
uniform system currently in use (Heitmann et al 2018). The
various systems differ in terms of the numbers of cate-
gories but, in most, a three- (Ekstrand et al 1998; Bilgili
et al 2006; Welfare Quality® 2009) or a four-point scale
(Martland 1985; Martrenchar et al 2002) is used to describe
the macroscopic findings. Furthermore, Martland (1985),
Greene et al (1985) and McKeegan (2010) considered the
FPD lesions histopathologically, and Michel et al (2012)
described FPD via a five-point scaled histological score,
drawing a link to macroscopic results. The five-point
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scaled histological scoring system for hock burn and FPD
published by McKeegan (2010) contains the following
lesion scores: (A) unaffected skin; (B) early lesion with
mild hyperkeratosis and a mild disruption of keratin on the
scale; (C) intermediate lesion with acanthosis, increased
vascularity and hyperkeratosis; (D) advanced lesion with
ulcer, serocellular crusting and exudation of heterophils;
and (E) advanced lesion with extensive ulcer, serocellular
crusting and granulation tissue. 
Excluding normal feet and foot pads with scars or healing
lesions, three types of lesions were described histologi-
cally by Michel et al (2012): type I, mild epidermal hyper-
plasia and/or hyperkeratosis; type II, marked
hyperkeratosis and hyperplasia of the epidermis with
marked dermal inflammation; and type III, ulceration with
loss of epidermis. In Germany, there is currently an offi-
cially recommended system for visual scoring of FPD
macroscopically: the German Order on the Protection of
Animals and the Keeping of Production Animals (2006).
Additionally, a modified version of this, implementing a
four- instead of a three-point scale, was launched by the
Implementary Rules of the Lower Saxonian Ministry of
Nutrition (2015) and is in use in Lower Saxony, Germany.
FPD evaluation in German slaughterhouses is randomly
monitored by veterinarians who visually score 100 feet per
flock. In some plants, cameras are used to scan for FPD
(Louton et al 2018). From 2013 to 2015, 32% of EU
broiler production, in approximately one-third of member
states, were scoring FPD (European Commission
Directorate-General for Health and Food Safety 2016).

The aim of this study was to determine whether a link exists
between histological (ie microscopic) and visual (ie macro-
scopic) FPD scores. Furthermore, the relationship between
these scores and the histologically measured depth of
inflammation was assessed.

Materials and methods
Initially, a scoring system to categorise FPD was chosen and
inter-observer reliability was assessed. Then, broiler feet
were collected and photographed, before a veterinarian
measured the size of the lesions and scored feet.
Histological slides were then produced allowing inflamma-
tion and foot lesions to be scored and measured.
All examined feet were from Ross 308 broilers aged
39–42 fattening days and taken from the same broiler slaughter-
house: Donautal Geflügelspezialitäten Zweigniederlassung der
Lohmann & Co KG in Bogen, Germany.

Inter-observer reliability
The aim was to choose an easy-to-use assessment scheme
with a high inter-observer reliability for categorising of
FPD scores. After an evaluation of pre-existing schemes, it
was decided to use a modified version (Figure 1) of the
Welfare Quality® Assessment Protocol for Poultry (2009).
To validate the inter-observer reliability, 250 broiler feet
were collected from the slaughterhouse between July and
November 2017. Feet were stored at −18°C prior to use.
The intention was to distribute scores as equally as possible
and, after the samples were defrosted, five observers scored
them independently and in a random order. Although
assessing feet visually, observers were invited to use a

© 2020 Universities Federation for Animal Welfare

Figure 1

Macroscopic scores for the visual assessment of foot-pad dermatitis based on a modified Welfare Quality® (2009) assessment scheme.
1 = Lesions with discolouration, hyperkeratosis, no visual disruption of epidermal layers; 2 = Lesions with loss of scales, visual disruption
of epidermal layers
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Precise PS 7215 digital measuring stick (Burg-Wächter KG,
Wetter, Germany). Inter-observer reliability was calculated
using the prevalence- and bias-adjusted kappa
(PABAK/kappanor) (Byrt et al 1993). According to
Gunnarsson et al (2000), the following modified PABAK
should be used when observers can assign more than two
categories (k = number of categories; p0 = relation between
observed agreements):
PABAK = (kp0 − 1)/(k − 1)
In addition, three veterinary pathologists from the
Department of Pathology, Bavarian Animal Health Service,
Poing, Germany, who scored all of the feet histologically,
performed an inter-observer comparison with 20 randomly
picked FPD slides and scored these individually. The
PABAK values and the inter-observer reliabilities were
calculated as per the first observer comparison. 

Data collection, applied macroscopic and applied
microscopic scores
Next, 200 feet (40 per macroscopic score) were obtained
from the slaughterhouse and macroscopically scored
according to Figure 1. Each foot was photographed (Sony
Cyber-shot DSC-RX100 camera, Sony Europe Limited,
Surrey, UK) and total foot pad and FPD sizes were
measured directly on each foot, using the length between
the most distant points. The feet were then taken to the
Department of Pathology, Bavarian Animal Health Service,

Poing, Germany and cut at the most critical point as deter-
mined visually. Samples were fixed in 10% buffered
formalin for 24 h and then embedded in paraffin wax.
Sections of 4-µm thickness were mounted onto glass slides,
stained with haematoxylin and eosin, examined histologi-
cally and scored by veterinary pathologists using a modified
version of Michel et al’s scheme (2012) (Figure 2).
Additionally, each foot was examined histologically for
potential pre-existing tendon inflammation.
Histological samples were digitalised by using an Olympus
BX51 microscope (Olympus, Tokyo, Japan). Furthermore, phys-
iological skin depth from stratum corneum to stratum basale and
the depth of the inflammation zone from stratum corneum to the
demarcation line (if present), were measured using the Olympus
VS-ASW (Olympus, Tokyo, Japan) (Figure 3).

Downscaled microscopic score
In addition to the classification according to our modified
four-point microscopic score (based on Michel et al 2012;
Figure 2), a downscaled, three-point score was used
simultaneously. For this, microscopic scores 1 and 2 were
merged. Score 0 is identical in both schemes and repre-
sents feet with ‘no lesion’. Score 1 in the downscaled
microscopic score denotes ‘mild lesion’ and includes our
modified microscopic scores 1 and 2. Downscaled micro-
scopic score 2 represents ulcers and is identical to our
modified microscopic score 3.

Animal Welfare 2020, 29: 185-196
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Figure 2

Microscopic scores for foot-pad dermatitis, modified according to Michel et al (2012).

P2395Qq_Paper_Template.qxd  13/03/2020  16:29  Page 186

https://doi.org/10.7120/09627286.29.2.185 Published online by Cambridge University Press

https://doi.org/10.7120/09627286.29.2.185


188   Piller et al

Macroscopic score regarding depth
After data had been collected, two veterinarians, who had
also taken part in the first inter-observer comparison,
visually scored the 200 pictures of the study feet, assessing
only the depth of the inflammation. Scoring took place
without any prior knowledge of the original macroscopic
score as per Figure 1. The macroscopic scoring system
addressing the depth of inflammation was as follows:
0 = no lesion; 1 = superficial lesions with discolouration,
hyperkeratosis, no visual disruption of epidermal layers;
and 2 = deep lesions with loss of scales, visual disruption
of all epidermal layers.

Statistical analysis
To assess level of agreement between microscopic and
macroscopic scores, the conditional probabilities of all
microscopic categories given the macroscopic categories
were estimated via multinomial regression models. To
examine the relationship between macroscopic score and
depth of inflammation, a Hurdle-Gamma regression model
was used. Here, the Hurdle partly models the conditional
probability for an inflammation depth > 0 µm given the
macroscopic categories and the Gamma partly investigates
the effect of the macroscopic score on the expected depth of
inflammation > 0 µm. The Gamma distribution was chosen
to account for the strictly positive and therefore skewed
distribution of inflammation depth. 

Prior to data collection, the required sample size was
estimated. To this end, data for microscopic and macroscopic
scores were simulated by assuming conditional probabilities
of all microscopic categories given the macroscopic cate-
gories. Data were generated according to three different sets
of conditional probabilities (optimistic, neutral and
pessimistic) affecting the separability of score categories.
Furthermore, equal sample size along the macroscopic cate-
gories was assumed. The generated datasets were analysed
using the same multinomial regression model as above.
Given the fitted model, it was checked if all hypothetically
assumed conditional probabilities were within the estimated
credible intervals. This step was repeated 10,000 times for
each set of conditional probabilities and for sample sizes
ranging from 20 to 100. The resulting proportion of simula-
tions in which all conditional probabilities were estimated
correctly was interpreted as statistical power.
All model parameters were estimated in a fully Bayesian way
using the probabilistic programming language Stan (Carpenter
et al 2017) and the wrapper package brms (Bürkner 2017) for
the statistical programming language R (R Core Team 2018).
For all estimated model parameters, point estimates as well as
95% credible/uncertainty intervals are reported. For the eval-
uation of cut-off values and the classification of attributes, the
following performance measures were used: accuracy, sensi-
tivity, specificity, positive and negative predictive value.

© 2020 Universities Federation for Animal Welfare

Figure 3

Examples of the histological measurements for the depth of the inflammation zone of the epidermis.

Table 1   PABAK results of the analysis of inter-observer reliability for the macroscopic scoring of foot-pad dermatitis
(five observers; n = 250 feet).

Compared observer 1/2 2/3 1/3 2/4 3/4 1/4 2/5 3/5 4/5 1/5 Average

Match 225 226 223 228 228 221 227 227 227 226

No match 25 24 27 22 22 29 23 23 23 24

% 0.90 0.90 0.89 0.91 0.91 0.88 0.91 0.91 0.91 0.90 0.90

PABAK 0.88 0.88 0.87 0.89 0.89 0.86 0.89 0.89 0.89 0.88 0.88
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Results

Inter-observer reliability 
As detailed in Table 1, the relations between matching of
observed agreements varied from PABAK values of 0.86 up
to 0.89, with an average of 0.88. The PABAK values of the
second inter-observer comparison based on the histological
findings were 0.80, 0.93 and 0.87, with an average of 0.87.

Relation between macroscopic and microscopic score
Considering the macroscopic scores, lower or higher
macroscopic scores corresponded, respectively, to lower or
higher microscopic scores, although not on a one-to-one
basis. Figure 4(a) shows the descriptive distribution of
microscopic scores at given macroscopic FPD scores. The
macroscopic scores contained mixed microscopic scores,
with the exception of macroscopic score 4, which contained
100% microscopically ulcer (microscopic score 3).
Nearly all feet with microscopically no lesion (score 0)
were visually diagnosed with no visual lesion (96.3%,
macroscopic score 0), apart from one foot that was
diagnosed with macroscopic score 1. 
Figure 4(b) presents the results of the conditional probabil-
ities of respective microscopic scores given macroscopic
scores as well as the corresponding 95% credible/uncer-
tainty intervals. For macroscopic score 0 (no visual lesion),
microscopic score 0 (0.650, no lesion) had the highest prob-
ability. For macroscopic score 1, the probabilities for micro-
scopic scores 1 (0.250), 2 (0.350) and 3 (0.375) were very

similar and microscopically no lesions were found with low
probability (0.025). For macroscopic score 2, no probability
for microscopic score 0, moderate probabilities for micro-
scopic scores 1 (0.175) and 2 (0.250) and high probability
for microscopic score 3 (0.575) were found. Macroscopic
score 3 showed no probability for microscopic scores 0 and
1 (0.000), low probability for microscopic score 2 (0.075)
and very high probability for microscopic score 3 (0.925,
ulcer). Macroscopic score 4 only showed probability for
microscopic score 3 (1.000, ulcer).

Relation between macroscopic score and downscaled
microscopic score
Figure 5(a) presents the relationship between macroscopic
scores and downscaled microscopic scores (no lesion, mild
lesion and ulcer). Macroscopic score 0 (macroscopically no
lesion) contained 65.0% feet with microscopic no lesion and
35.0% feet with mild lesion. Macroscopic score 1 contained
2.5% feet with no lesions, 60% mild lesions and 37.5% ulcer.
Macroscopic score 3 contained 7.5% mild lesion and 92.5%
ulcer. Macroscopic score 4 contained only ulcer (100.0%). 
Nearly all feet with mild lesions were visually diagnosed
with macroscopic score 1 (96.3%). The maximum peak for
mild lesions was reached at macroscopic score 1. Along the
increasing scale of macroscopic scores, a moderate decrease
was seen in the prevalence of mild lesions (downscaled
microscopic score 1) and a moderate increase in the preva-
lence of ulcer (downscaled microscopic score 2), although
there was no one-to-one assignment to either. 

Animal Welfare 2020, 29: 185-196
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Figure 4

Showing (a) descriptive distribution of microscopic scores (0–3) for given macroscopic scores (0–4) of foot-pad dermatitis in broilers
(Ross 308; 200 feet) and (b) probabilities and 95% uncertainty intervals of microscopic scores (0–3) for given macroscopic scores (0–4)
of foot-pad dermatitis in broilers (Ross 308; 200 feet). 

P2395Qq_Paper_Template.qxd  13/03/2020  16:29  Page 188

https://doi.org/10.7120/09627286.29.2.185 Published online by Cambridge University Press

https://doi.org/10.7120/09627286.29.2.185


190   Piller et al

© 2020 Universities Federation for Animal Welfare

Figure 5

Highest probability of downscaled
microscopic scores (no lesion, mild
lesion, ulcers) at the respective macroscopic
scores (0–4) of foot-pad dermatitis in
broilers (Ross 308; 200 feet).

Figure 6

Showing (a) descriptive distribution of downscaled microscopic scores (no lesion, mild lesion, ulcers) for given macroscopic scores (0–4)
of foot-pad dermatitis in broilers (Ross 308; 200 feet) and (b) probabilities and 95% uncertainty intervals of downscaled microscopic
scores (no lesion, mild lesion, ulcers) for given macroscopic scores (0–4) of foot-pad dermatitis in broilers (Ross 308; 200 feet).
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Figure 5(b) shows the conditional probabilities with
corresponding uncertainty intervals of downscaled micro-
scopic scores given the macroscopic scores. A probability
for downscaled microscopic score 0 (no lesion) could
only be found in feet with macroscopic scores 0 (0.650)
and 1 (0.025). High probabilities of mild lesions were
observed in feet with macroscopic score 1 (0.600) and
2 (0.425) and for ulcer in feet with macroscopic scores
2 (0.575), 3 (0.925) and 4 (1.000).

Cut-off data and resulting performance values
Figures 4(b) and 5(b) clearly indicate which microscopic
or downscaled microscopic score had the highest proba-
bility for each macroscopic score in the given macro-
scopic score scheme. In Figure 6, the downscaled
microscopic score with the highest probability is shown
for the given macroscopic scores. At macroscopic score
0, no lesion (downscaled microscopic score 0) showed
the highest probability. At macroscopic score 1, mild
lesions (downscaled microscopic score 1) had the highest
probability of diagnostic. For all other macroscopic
scores (2, 3 and 4), ulcer (downscaled microscopic score
2) showed the highest probability. Thus, cut-off values
can be calculated. The resulting performance values
given a cut-off value for ‘no lesion’ at macroscopic score
0, ‘mild lesion’ at macroscopic score 1 and ‘ulcer’ at
macroscopic score 2 can be seen in Table 2(a). In
contrast, in Table 2(b), macroscopic scores 1 and 2 were
categorised as microscopic ‘mild lesion’ and macro-
scopic score 3 and above as microscopic ‘ulcer’. For the
first calculated cut-off values (Table 2[a]), 26 out of 27
feet with no lesions were assigned to macroscopic score

0 and thus could be diagnosed with a sensitivity of 0.96
and specificity of 0.92. Feet with mild lesions could be
diagnosed with a sensitivity of 0.41 and specificity of
0.89. One hundred out of the 115 feet with ulcer were
diagnosed with macroscopic score ≥ 2, resulting in a
sensitivity of 0.87 and specificity 0.76. Given the cut-off
value for ulcer at macroscopic score 2, the accuracy of all
performance values was 0.75. 
On the other hand, when macroscopic scores 1 and 2 were
categorised as mild lesions resulting in a cut-off value for
ulcer at macroscopic score 3 (Table 2[b]), all performance
values were calculated with an accuracy of 0.72. Similarly
to the results in Table 2(a), 26 out of 27 feet with no lesion
were assigned to macroscopic score 0 and thus could be
diagnosed with a sensitivity of 0.96 and specificity of 0.92.
Feet with mild lesions could be predicted with a sensitivity
of 0.71 and specificity of 0.73. Feet with ulcer could be
predicted with a sensitivity of 0.67 and specificity of 0.96.
In addition, the positive and negative predictive values were
calculated for the diagnosis of the downscaled microscopic
score (Table 2[a] and [b]).

Relation between macroscopic score regarding
depth and downscaled microscopic score
Figure 7(a) shows the descriptive distribution of macro-
scopic scores considering the depth of inflammation in
relation to the downscaled microscopic scores. Feet with no
visible lesion (macroscopic score regarding depth 0)
included mainly feet with no histological lesion (down-
scaled microscopic score 0), and ulcer were not detected.
Mostly mild lesions were observed in feet with visually

Animal Welfare 2020, 29: 185-196
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Table 2   Performance measures of the macroscopic categories for the prediction of microscopic scores of foot-pad
dermatitis in broilers (Ross 308; 200 feet).

Sens = Sensitivity: the probability that an animal belonging to category c is identified as category c;
Spec = Specificity: the probability that an animal not belonging to category c is identified as non-category c;
PPV = Positive predictive value: the probability that an animal is identified as category c and belongs to it; 
NPV = Negative predictive value: the probability that an animal is not identified as category c and does not belong to category c;
Accuracy = Probability for the correct classification of the animals.

(a) Prediction Performance

Macroscopic = 0 Macroscopic = 1 Macroscopic ≥ 2 Accuracy = 0.75

Microscopic No lesion Mild lesion Lesion with ulcer Sens Spec PPV NPV

No lesion 26 1 0 0.96 0.92 0.65 0.99

Mild lesion 14 24 20 0.41 0.89 0.60 0.79

Lesion with ulcer 0 15 100 0.87 0.76 0.83 0.81

(b) Prediction Performance

Macroscopic = 0 1 ≤ Macroscopic ≤ 2 Macroscopic > 2 Accuracy = 0.72

Microscopic No lesion Mild lesion Lesion with ulcer Sens Spec PPV NPV

No lesion 26 1 0 0.96 0.92 0.65 0.99

Mild lesion 14 41 3 0.71 0.73 0.51 0.86

Lesion with ulcer 0 38 77 0.67 0.96 0.96 0.68
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superficial lesions (macroscopic score regarding depth 1).
Visually deep lesions (macroscopic score regarding depth 2)
included mainly ulcer. 
Figure 7(b) shows the different probabilities with 95%
uncertainty intervals for the macroscopic scores regarding
depth and the downscaled microscopic scores (no lesion,
mild lesion, ulcers). Feet with no visual lesion had the
highest probability for histological diagnosis with no lesion
(0.650). Visual superficial lesions (macroscopic score
regarding depth 1) had the highest probability for diagnosis
with mild lesions (0.735) and the lowest for no lesions
(0.003). Visually deep lesions (macroscopic score regarding
depth 2) had very high probability for diagnosis with ulcer
(0.850), low probability for mild lesions (0.150) and none
for no lesions (0.000).

Relation between macroscopic score and histological
depth of inflammation
The histologically measured depth of inflammation in
lesions of the foot pad is presented for the different
macroscopic scores (0, 1, 2, 3 and 4) in a boxplot
(Figure 8[a]). An increase in the depth of inflammation
with increasing macroscopic score up to macroscopic
score 3 was found, with mean values increasing from
937.1 (macroscopic score 1) to 1,087.4 (macroscopic
score 2) to 1,443.0 µm (macroscopic score 3). The mean
value for macroscopic score 0 was 8.0 µm, and 97.5% of
all feet assigned to macroscopic score 0 were measured

with 0.0 µm (with no histological lesion). Feet assigned
to macroscopic score 4 showed a mean inflammation
depth of 1,422.2 µm, slightly less than those assigned to
macroscopic score 3. Macroscopic scores 1 and 2
included 27.5 and 12.5% feet, respectively, with 0.0-µm
depth of inflammation. A strong decrease in feet was
noted with 0.0-µm depth of inflammation with
increasing macroscopic score up to macroscopic score 2.
The boxplot in Figure 8(a) shows macroscopic scores 1
to 4 to have similar 0.50 quantiles and to vary in the
space between 0.25 and 0.75 quantiles.
The relation between macroscopic scores and expected
inflammation depth was further analysed by a regression
model (Hurdle-Gamma). The estimated expected inflamma-
tion depth is shown in Figure 8(b). This analysis revealed
significant differences between macroscopic score 0 and the
remaining macroscopic scores (1 to 4). In all cases, macro-
scopic score 0 showed the significantly smallest expected
inflammation depth. Differences between higher macro-
scopic scores could not be confirmed.

Tendinitis
In feet with microscopic scores 0, 1 and 2, no tendinitis was
observed. The two feet (out of 200 examined feet) with
tendinitis were scored as microscopic score 3 (ulcer). As
both feet were categorised as macroscopic score 4, there
was no inflammation of the tendons detected in macro-
scopic scores 0 to 3.

© 2020 Universities Federation for Animal Welfare

Figure 7

Showing (a) descriptive relation between downscaled microscopic scores (no lesion, mild lesion, ulcers) and macroscopic scores considering
the depth of inflammation (no lesion, superficial lesion, deep lesion) of foot-pad dermatitis in broilers (Ross 308; 200 feet) and (b) probabilities
and 95% uncertainty intervals of downscaled microscopic scores (no lesion, mild lesion, ulcers) for given macroscopic scores regarding depth
(no lesion, superficial lesion, deep lesion) of foot-pad dermatitis in broilers (Ross 308; 200 feet).
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Discussion

Inter-observer reliability
The PABAK values of the inter-observer comparison for the
rating of both the macroscopic and the histological findings
ranged from 0.81 to 1.00. According to Landis and Koch
(1977), this range represents an almost perfect reliability score.

Macroscopic score mirroring histological findings
with limitations
Ulcerations are defined as lesions with perforated and
destroyed epidermis including stratum basale, whereas mild
lesions show hyperkeratosis, hyperplasia or mild inflammation
with intact stratum basale (Michel et al 2012). In this study, we
used a visual, macroscopic scoring system for FPD with and
without considering the depth of inflammation in the observed
lesion and compared it with a histological, microscopic
scoring. Our histological findings identified the macroscopic
scores regarding depth as most suitable predictors of the
histopathological presence of mild lesions or ulcers, taking
various limitations into account. In general, the results illus-
trated a clear relationship between macroscopic scores and
histopathological findings. For the macroscopic examinations,
feet with no histologically detectable lesions were mainly
assigned to feet with no visually detected lesions; similarly, feet
with histologically identified ulcers were related to feet with
visually scored bigger and deeper lesions. 
In line with Michel et al (2012), our analyses revealed a
reliable link between macroscopic and microscopic scoring
with a few exceptions. Mayne et al (2006) showed similar
results in turkeys and observed that feet with externally

normal foot pads revealed histopathological evidence of
lesions. Our results confirm that histologically detectable mild
lesions with hyperkeratosis and/or erosions can be distributed
widely throughout feet with visually no detected lesions,
mild/superficial lesions and big/deep lesions. Thus, micro-
scopic scores 1 and 2 (mild lesions) are not easy to distinguish
visually by use of a macroscopic score from feet with no
lesions or ulcers. This limitation may explain the poor
performance values for the diagnosis of mild lesions when
only a macroscopic score was received (ie when macroscopic
score 2 was the cut-off value to assign ulcers). However, the
diagnoses of feet with no lesions and feet with ulcers had high
performance values in this scenario, and these feet could be
assigned macroscopic scores with high probabilities.
In contrast, when macroscopic scores 1 and 2 were cate-
gorised as mild lesions (ie when macroscopic score 3 was
the cut-off value to assign ulcers), we found a much higher
sensitivity (0.71 instead of 0.41) and a lower specificity
(0.73 instead of 0.89) for the diagnosis of mild lesions.
Thus, mild lesions were more likely to be diagnosed
correctly. However, lesions with ulcers (macroscopic scores
3 and 4) could then be diagnosed with a lower sensitivity
(0.67 instead of 0.87) and a higher specificity (0.96 instead
of 0.76) compared with the first presented cut-off value. 
To summarise, if the focus is on detecting ulcers, high sensi-
tivity (albeit low specificity) would be achieved by using
the first cut-off value. The second cut-off value would allow
a better detection of mild lesions. The accuracy for the first
cut-off value (0.75) was higher than for the second (0.72). 
The results of this study confirm the correlation between
macroscopic and histological findings reported by

Animal Welfare 2020, 29: 185-196
doi: 10.7120/09627286.29.2.185

Showing (a) boxplot of relation between macroscopic scores (0–4) and the histologically measured depth (µm) of inflammation of foot-
pad dermatitis in broilers (Ross 308; 200 feet) and (b) expected inflammation depth (µm) and 95% uncertainty intervals for respective
macroscopic scores (0–4) of foot-pad dermatitis in broilers (Ross 308; 200 feet).

Figure 8
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McKeegan (2010) and Michel et al (2012). In the study of
McKeegan (2010), feet with visually scored lesions mainly
had histologically detectable inflammatory lesions although
a number of exceptions were noted. Similarly, we found that
certain feet with no visual evidence of lesions showed mild
lesions in the histological examination.

Importance of identifying ulcers
In the scoring system of the German Order on the Protection
of Animals and the Keeping of Production Animals (2006),
the highest score (2b) is defined as the presence of an ulcer.
In addition, it is generally accepted that FPD, particularly in
the form of severe ulcers, is likely to cause pain (Algers &
Berg 2001). However, to date, no study has differentiated or
categorised grades of FPD or inflammation depths in terms of
different pain levels or been able to clearly define which
grade or inflammation depth is relevant as regards animal
welfare. Michel et al (2012) supported the hypothesis that the
level of pain increases relative to the size of the lesion and
according to the different levels of severity (depth of inflam-
mation) seen between microscopic scores 2 and 3. The
authors drew on the work of Arnould and Colin (2008) to
formulate their conclusion and the enhanced reaction to
manipulation with increasing severity of FPD. Hocking and
Wu (2013) also adhered to the notion that FPD is likely to
cause pain in turkeys. Moreover, McKeegan (2010) found
chickens with FPD to move more slowly than those with no
lesions and walk better with analgesia than without. Martland
(1985) also drew a possible link between decreased appetite
associated with pain and reduced growth rate. Furthermore,
Weber Wyneken et al (2015) found a significant interaction
between FPD and analgesia regarding stride length in turkeys
and differences between birds with low- and high-grade FPD.
However, lameness in broilers may not be related to FPD and
can occur for other reasons, such as chondronecrosis and
osteomyelitis (Wideman 2016). 
Until scientific research confirms a difference in pain level
according to different grades of FPD, an existing ulcer with
inflammation should be considered painful (Algers & Berg
2001). Following this assumption, a macroscopic scoring system
for FPD able to differentiate feet with no histological lesion from
feet with ulcerations should be used to record FPD as an animal
welfare indicator. The probability for FPD with an ulcer is
highest at macroscopic scores 2 and above in our scoring system.
Thus, a lesion with a diameter greater than 0.5 cm is likely to be
a deep lesion with an ulcer and considered painful. 
Overall, to diagnose an ulcer, we can recommend a simpli-
fied three-point macroscopic scoring system for FPD to
differentiate between feet with no lesion, feet with mild
lesions and feet with ulcers. Several, similar, three-point
scores have been published, such as the summarised score
of the Welfare Quality® Assessment Protocol for Poultry
(2009) or that of Heitmann et al (2018). Considering, in
particular, a camera-based and standardised detection of
FPD, a three-point scale that can clearly distinguish an ulcer
from other lesions would be applicable. Based on our
results, a good suggestion for a useful score would be: 

• Score 0 = no lesion;
• Score 1 = mild lesions (superficial lesions with discoloura-
tion, hyperkeratosis and no visual disruption of the
epidermal layers, size ≤ 0.5 cm in diameter);
• Score 2 = deep lesions with loss of scales, visual disrup-
tion of all epidermal layers, ulcers and/or crusting
(size > 0.5 cm in diameter).
A similar scoring system has been published by Ekstrand et al
(1998), however the authors did not define specific lesion sizes.
In the commonly used scoring systems at slaughter, macro-
scopic scores are used to categorise FPD (Louton et al 2018),
and according to our results, a routine histological examination
is not necessary to score FPD effectively. Our study shows that
it is possible to extrapolate from the macroscopic scoring of
FPD to the type of lesion, with certain limitations. 

Depth of inflammation and tendinitis
Although no significant statistical differences were found
between the different macroscopic scores according to the
histologically determined depth of inflammation, we observed
an increasing inflammation depth with increasing macroscopic
score. Mirroring the results of Heitmann et al (2018), a positive
correlation was found between inflammation depth and size of
the lesion in ulcers. However, since Heitmann et al (2018)
measured the total thickness of skin layers (while we measured
the depth of the inflammation zone), a one-to-one comparison
of the results is not possible. Heitmann et al (2018) described
large ulcers (90 mm2) with an increase in thickness of skin
layers to 1,535.5 μm, a value similar to the mean depth of the
inflammation zone in macroscopic scores 3 (1,443.0 µm) and
4 (1,422.2 µm) measured in our study.
Another way of scoring FPD could be via the development
of a practical and non-invasive technique for detecting the
depth of inflammation at the slaughterhouse, eg by using
infra-red cameras (Wilcox et al 2009). Such an approach
might increase the likelihood that mild lesions would be
diagnosed with greater accuracy.
Affected tendons were found only in individual cases and
no significant relation was discovered between FPD and
detectable inflammation of tendons.

Animal welfare implications
The validated scoring systems discussed here can contribute to
the improvement of animal welfare within the poultry industry.
Taking into account our results, we recommend a three-point,
visual scoring system for the detection of ulcers in FPD. Moving
forward, a macroscopic, comprehensive and standardised
detection of FPD could be especially beneficial in improving the
health and welfare of broiler chickens. Future research should
evaluate if the results of this study can also be applied to an
automatic scoring system with camera-based detection of FPD.
Furthermore, more research is needed to consider the perception
of pain at different inflammation depths or grades of FPD and
additionally future research should focus on reducing the preva-
lence of FPD. Nevertheless, this histologically validated, veteri-
narian-endorsed confirmation of macroscopic scoring and
inflammation depth of FPD lend validity to these macroscopic
scores operating as indicators of animal welfare. 

© 2020 Universities Federation for Animal Welfare
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Conclusion
In general, our study elaborates significant links between
the examined macroscopic and microscopic scoring systems
and demonstrates the extent of their comparability.
However, limitations, notably the diagnosis of mild lesions
such as hyperkeratosis, erosions and other superficial
lesions need to be considered. A routine examination based
upon visual scoring can be recommended for the diagnosis
of ulcers; it accurately mirrors histopathological findings,
especially when feet with no lesions and feet with ulcers are
the main focus. Although no statistically significant differ-
ences in inflammation depth between the visually present
lesions were found, an increase in inflammation depth with
increasing severity of FPD was detected. A link between
tendinitis and FPD was not found.
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