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Abstract

Foot-pad dermatitis (FPD) is an important indicator of animal welfare in turkeys (Meleagris gallopavo). The present study aimed to
evaluate the reliability and validity of a commonly used five-point visual score (VC), assessing FPD based on lesion size by implementing
histopathological analysis. In 100 turkey feet (20 per scale scored by the VC), the size of both the foot-pad and the alteration were
measured. Subsequently, a histopathological analysis was performed, examining the occurrence and severity grade of different param-
eters. The study addressed three main goals: (i) examining the reliability of the scoring system concerning the evaluated size of FPD;
(ii) assessing histopathological parameters to analyse patterns, reflecting the categories of the scoring system; and (iii) finding threshold
values to avoid the occurrence of ulcerations. The study found good observer reliabilities for the VC, but measuring the relative size
of alterations resulted in divergent values according to the original specifications With regard to the histopathological parameters, no
clear patterns were found in the respective VC scoring levels. However, ulcerations revealed a significant effect on the size of the
alteration, showing a greater grade of severity with increasing lesion size. Regarding the occurrence of ulcerations, optimum threshold
values could be identified even in very small lesions. This study helps contribute to a better understanding of the pathophysiology of
FPD. It also raises the question as to whether, in light of animal welfare concerns, threshold values of visual systems should be adjusted
to avoid ulcerations, considering the outcome of our histopathological assessment.
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Introduction
Foot-pad dermatitis (FPD) is one of the most important indi-
cators for monitoring the welfare of poultry. The prevalence
of FPD in turkeys (Meleagris gallopavo) throughout Europe
is high. Krautwald-Junghanns et al (2011) surveyed 66
flocks (11,860 animals in total) in Germany and found a
prevalence of 34% in males and 60% in females in the 16th
week of life. Allain et al (2009) detected severe foot-pad
lesions, with a prevalence of 41% in French flocks. In
Swedish populations, Berg (1998) found prevalences of 20
and 78% for severe and mild lesions, respectively. She also
surveyed Swedish broiler farms and documented a preva-
lence of 5–10% for severe lesions and 10–35% for mild
lesions (Berg 1998). While for broilers (Gallus gallus domes-
ticus), FPD is an acknowledged welfare indicator (with 18
states requesting the recording of FPD by national law
[Report from the Commission to the European Parliament
and the Council 2018]), the evaluation of FPD in turkeys is
voluntary. However, the apparent incidence of FPD in
turkeys, means comparable regulations regarding turkeys can
soon be expected to be adopted (Hocking et al 2017).

The absence of legal standards for turkey production
throughout Europe (Allain et al 2013) means that each
country has its own regulations for turkey husbandry, based
mostly on recommendations and voluntary actions. In
Germany, beyond the regulations of the German Animal
Welfare Act (Status 2006, TierSchG) and the German
Order on the Protection of Animals and the Keeping of
Production Animals (Status 2006, TierSchNutztV), the
‘National Parameters for Voluntary Agreements for the
Keeping of Turkeys’ (Status 2013, German designation:
Bundeseinheitliche Eckwerte für eine freiwillige
Vereinbarung zur Haltung von Mastputen) serves as a
guideline for turkey husbandry (Bergmann et al 2013). In
this guideline, the evaluation of foot-pad health is a major
parameter to ensure adequate animal-keeping.
Furthermore, quality assurance programmes require the
evaluation of foot-pad health and the provision of feedback
to both the farmer and the control organisations when
slaughter capacity exceeds 500 animals per hour (QS;
Qualität und Sicherheit GmbH, Germany 2019). Therefore,
the scoring of FPD is established in most German slaugh-
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terhouses, usually embedded in a benchmark system.
Monitoring FPD at the slaughterhouse and on-farm is also
an accepted tool throughout Europe and the United States
(for the UK and US, see Clark et al 2002 and for Europe,
see Hocking et al 2008; Pritchard 2012).
Monitoring such indirect welfare indicators is the first step
towards improving awareness and, as a result, the conse-
quences of the management of farmed animals in the long
term. The first promising results from Denmark were shown
in a study by Kyvsgaard et al (2013). They reported that a
rapid decline in foot-pad lesions in broilers became obvious
in the first three years after the introduction of an action
plan to control and monitor FPD at slaughter.
The causes of FPD are reported to be multifactorial, ie
genetic, nutritional, and management-related (Shepherd &
Fairchild 2010; da Costa et al 2014), with wet litter assumed
to be the main cause (Martland 1984; Mayne 2005; Mayne
et al 2007a; El-Wahab et al 2011). Therefore, FPD is not
only an indicator of animal health but may also be a suitable
animal-based indicator for husbandry and environmental
conditions (Toppel et al 2019). 
FPD is described as a contact dermatitis of the plantar
surface of birds’ feet (Greene et al 1985). It is defined by
inflammatory processes and skin lesions, which are
characterised by brown discolourations on the plantar
surface of the metatarsal foot-pad and the toes. These
can range from hyperkeratosis (described as a thick-
ening of the epidermis) to necrotic alterations, which
might affect the surface and subjacent structures, super-
ficially (erosion) or deeply (ulceration) (Greene et al
1985; Martrenchar et al 2002).
In turkeys, Hocking et al (2008) introduced a standardised
system to evaluate the severity of FPD. They proposed the
use of a five-step visual score, based on the size of the
colour-changed areas on the metatarsal pad.
This scoring system fulfils a whole set of requirements
necessary for reliability and validity of scoring systems:
scoring systems must be quick and easy to use while
reflecting the problem in measurable and assessable cate-
gories. Therefore, they must be clearly defined, while
repeatability between different classifiers should be
possible. The scoring system by Hocking et al (2008)
fulfils these criteria and is used in most slaughterhouses
in Europe to evaluate FPD.
However, visual scoring is generally problematic — super-
ficial assessment is unable to provide information about the
subjacent incidents and looking beyond the surface is often
a key component of welfare assessment. As described
above, FPD can range from relatively mild alterations to
severe damage such as erosions or even ulcerations. The
occurrence of ulcerations is highly relevant, as they are
most likely to induce pain (Martland 1984; Haslam et al
2007; Weber Wyneken et al 2015), even if there is a current
lack of studies providing strong evidence for painfulness in
turkeys. In broilers, the occurrence of ulcerations has been
included in the Implementary Rules of the Lower Saxonian

Ministry of Nutrition (2015) and also been adapted for other
German federal states (Piller et al 2020). 
Histopathological examinations can help to assess the
severity of foot-pad changes with greater scrutiny (Michel
et al 2012). A number of studies have analysed the effects of
wet litter or litter quality on histopathological alterations on
the foot-pad (Mayne et al 2007a; El-Wahab et al 2011;
Youssef et al 2011). All indicated that wet litter affects both
the external (visual) and histopathological severity of FPD.
Mayne et al (2007a) emphasised that histopathological
changes were not always detectable by external (visual)
scoring before reproducing their findings in a follow-up
study, in which only weak correlations were found between
external and histopathological scores (Mayne et al 2007b).
However, as the histopathological findings were combined
in a scoring scheme, no conclusions can be drawn regarding
a correlation between external scores and specific
histopathological parameters. A study by Piller et al (2020)
showed comparable results in broilers. While they generally
found a relationship between macroscopic scores and
histopathological findings, histopathological mild lesions
could not easily be assigned to specific visual scoring
levels. A recent study by Toppel et al (2019) presented the
first results comparing macroscopic scoring (by Hocking
et al 2008) with histological findings. In their discussion,
they stated that histological findings were correlated with
the macroscopic scoring. However, their sample size
comprised ten feet with two feet per scoring level.
Therefore, even if it is a good starting point, drawing
conclusions from these results might be difficult. 
Thus, the presented study aimed to describe, in more detail,
the interactions between macroscopic scores and
histopathological findings. It addresses three main
questions: (i) is a visual scoring system reliable in repre-
senting the correct size of alterations on the foot-pad; (ii) are
there histopathological patterns, reflecting the categories of
a commonly used scoring system to evaluate FPD based on
the size of the alteration; and (iii) where would be the
threshold to avoid the occurrence of ulcerations? It is our
assertion that drawing a link between visually inaccessible
pathologies and their superficial expression will improve
and validate the application of FPD in turkeys as an animal
welfare indicator.

Materials and methods

Study animals 
The feet of turkeys (male and/or female animals, BUT 6,
Aviagen Turkeys Ltd, UK) were sampled at a German
slaughterhouse at the end of the fattening phase. Two
different sets of feet were used in this study: a first set was
collected in order to calculate observer reliability for the
visual scoring (Part 1) and a second was used to analyse the
feet in more detail (Part 2). The visual scoring type was
referred to as ‘visual classification’ (VC).
To calculate the observer reliability for the VC (Part 1), 300
pairs of mixed sex feet (200 female bird feet, 400 male)
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were used. Feet were sampled from the slaughter-line in
random order and scored macroscopically by two observers
(research scientists from two different German scientific
institutions), using the scoring system described in Table 1.
Since both observers were experienced in the assessment of
FPD, observer training consisted of a verbal recapitulation
of the defined thresholds. Feet from one pair were scored
separately at staggered times.
In the second part of this study, male bird feet were sampled
in random order from the slaughter-line and scored macro-
scopically (450 pairs of feet in total). Only the right foot per
pair was used for further analysis. Of those, 100 were
picked in a pseudo-randomised order, with the criterion of
including 20 feet per scoring class into the sample. 

Scoring system (Parts 1 and 2) 
For the VC, a five-point scoring system was used, adapted
from Hocking et al (2008) (see Figure 1). 

Surface measurements (Part 2)
Photographs were taken with a digital camera (Canon EOS
600D, Krefeld, Germany) and from the images the feet were
scored macroscopically. Images were also utilised to
measure the percentage of foot-pad surface alterations using
ImageJ software (Rasband, WS, ImageJ, US National
Institutes of Health, Bethesda, MD, USA;
https://imagej.nih.gov/ij/, 1997-2018). Therefore, both the
metatarsal foot-pad (reference) and the alteration on the
foot-pad were tagged using the ‘freehand tool’ in the
software programme. The metatarsal foot-pad was charac-
terised by its kurtosis, with the borders being defined at the
start of the curvature. The number of pixels on the surface
area of both the reference and alteration was calculated to
determine the respective proportion of the altered area
compared to the metatarsal foot-pad (relative size of the
lesion). All measurements were taken by one observer,
repeated three times per picture and the mean values were
used for further analysis. Additionally, intra-observer relia-
bility was measured for the complete dataset. Inter-observer
reliability was calculated for a random subset of 22 feet.
According to the percentage of the altered area in relation to
the reference, these feet were again sorted into respective
scoring levels according to the objective of the VC. This clas-
sification type was referred to as ‘true classification’ (TC);
see Table 1 for information on the respective percentages.

Histopathology (Part 2)
Tissue was collected from the centre of the largest lesion on
each metatarsal foot-pad. Cuts measured approximately
300 × 20 × 7 mm (length × width × height). They were fixed
in 10% buffered neutral formalin and embedded in paraffin
wax. Cross-sections (3–4 µm thick) were stained using
haematoxylin and eosin and observed via light microscopy
(Olympus BX53, Waltham, Massachusetts, USA) at
40–400× magnification. Histological analysis was carried
out by two experienced pathologists who examined the
occurrence and severity grade (mild/moderate/severe) of the
different parameters. Both were blinded for the underlying

visual score levels and the results of the second observer,
respectively. The parameters included hyperkeratosis,
erosion and ulceration, re-epithelialised granulation tissue
and perivascular pododermatitis (see Figure 2). 
Hyperkeratosis was defined as a thickening of the
stratum corneum of the epidermis (Freedberg 1993;
Mauldin & Peters-Kennedy 2015; Wohlsein et al 2015).
An erosion was characterised by a superficial epidermal
loss with an intact basal membrane (Hargis & Ginn 2009;
Mauldin & Peters-Kennedy 2015; Wohlsein et al 2015).
Ulceration was specified as a complete loss of the
epidermis, including the basal membrane and this tends
to be associated with an inflammatory reaction termed
‘ulcerative dermatitis’ (Wohlsein et al 2015). Re-epithe-
lialised granulation (or scar) tissue is defined as prolifer-
ated fibroblasts with collagenous fibres, both orientated
parallel to the surface with blood vessels arranged
rectangularly and covered by an overlying squamous
epithelium (Hargis & Ginn 2009; Wohlsein et al 2015).
Perivascular pododermatitis described an inflammatory
process of the skin with an infiltration of inflammatory
cells around the vessels (Wohlsein et al 2015). During
evaluation, this parameter was divided into acute and
chronic processes, according to the type of inflammatory
cells: heterophilic granulocytes and macrophages indi-
cating an acute inflammatory process while infiltration
with lymphocytes and plasma cells characterised chronic
incidences (Hargis & Ginn 2009; Mauldin & Peters-
Kennedy 2015; Wohlsein et al 2015). However, for the
presented analysis, both were pooled since the acute
processes occurred only occasionally. 
Severity of grade was evaluated semi-quantitatively
(mild/moderate/severe) as based on the estimation and
experience of the pathologists. For the semi-quantitative
assessment of epidermal hyperplasia and hyperkeratosis, an
average of 20 epidermal cell layers and a 1:1 ratio of
nuclear-free to nuclear-containing cell layers was deemed
clinically unremarkable. 
The degree of ulceration was assessed as per the proportion
of ulceration in the total area of the slide. Classification of
re-epithelialised granulation tissue consisted of simply
noting whether or not it was present since the unfeasibility
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Table 1   Scoring classes of the visual scoring system (VC).

Scoring level Definition

0 Intact foot

1 Small, punctual alterations, less than 10% of the
foot-pad surface

2 Altered lesion covers less than 25% of the foot-
pad surface

3 Altered lesion covers less than 50% of the foot-
pad surface

4 Altered lesion covers more than 50% of the
foot-pad surface
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of precise differentiation from pre-existing tissue precluded
classification in degrees. The infiltration of perivascular
inflammatory cells was assessed to be mild in cases with
one to three layers of inflammatory cells around a blood
vessel, moderate with four to ten cell layers and severe
when there was more than ten cell layers. Multiple
diagnoses per foot were possible.

Statistical analysis (Parts 1 and 2)
Statistical analyses were performed using SAS/STAT®
software (V94, Statistical Analysis Institute, Cary, NC, USA). 
Observer reliability was calculated using the Krippendorff’s
alpha with the ‘macro’ developed by Hayes and
Krippendorff (2007). The respective data type (ordinal data
for VC; metric data for circumferential measurements) was
taken into consideration. Each data set was calculated sepa-
rately which resulted in values for the inter-observer relia-
bility of the VC, the inter-rater reliability of the surface of
the foot-pad and the alteration, and also the intra-observer
reliability of the surface of the foot-pad and the alteration.
In addition to the Krippendorff’s alpha, the prevalence-

adjusted and bias-adjusted kappa (PABAK) was calculated
for the comparison of TC and VC.
Reliability resulting in Krippendorff’s alpha and PABAK,
respectively, was valued using the classification proposed
by Landis and Koch (1977) (< 0.00 = poor;
0.00–0.20 = slight; 0.21–0.40 = fair; 0.41–0.60 = moderate;
0.61–0.8 = substantial; 0.81–1.00 = almost perfect). 
A comparison between VC and TC was carried out descrip-
tively using frequency cross-tables. Agreements between
measurements were calculated using the Krippendorff’s
alpha and the PABAK.
For the analysis of histopathological parameters, a multino-
mial regression model for each parameter (separately) was
used (PROC logistic). To specify the generalised logit
function, the link = glogit option was adjusted in the model
statement. Predictive probabilities were estimated to
describe the relationship between TC and the severity grade
of each histopathological parameter.
A generalised mixed model (PROC GLIMMIX) was calcu-
lated to analyse the effect of all histopathological parame-
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Figure 1

Visual scoring system (VC) consisting of (A) scoring level 0, (B) scoring level 1, relative size of the lesion: 1.85%, (C) scoring level 2, relative
size of the lesion: 18.77%, (D) scoring level 3, relative size of the lesion: 33.75% and (E) scoring level 4, relative size of the lesion: 65.08%.
The relative size is calculated as the respective proportion of the altered area compared to the size of the metatarsal foot-pad.

Figure 2

Histological cross-sections (haematoxylin/eosin staining; 2–4 µm thick) showing (A) severe hyperkeratosis with a markedly thickened
stratum corneum, (B) severe multifocal pododermatitis with numerous lymphocytes forming perivascular cuffs, (C) re-epithelialised
granulation tissue with multiple proliferated blood vessels in a dense, collagenous matrix under an intact epidermis and (D) moderate,
chronic ulceration with loss of epidermis, including the basal membrane, accumulation of cellular detritus and granulation tissue formation
under the epidermal defect.
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ters on the percentage of the alteration. Histopathological
parameters (occurrence for the re-epithelialised granulation
tissue, severity grade for all other parameters) and their two-
fold interactions were included as fixed factors, and pair-
wise comparisons were carried out using Tukey Kramer
t-tests. The level of significance was set at P < 0.05.
To evaluate cut-off values, a logistic regression was
calculated, modelling the outcome of the histopatholog-
ical results as a dichotomous variable and the percentage
of the alteration as a metric variable (PROC logistic,
link = logit). The ROC (receiver operating characteristic)-
curves and the AUC (area under the ROC curve) were
calculated for this model. The ROC-curve results from the
specificity and sensitivity of each predictive probability.
An ideal diagnostic procedure would result in both having
a value of 1. The Youden’s Index was calculated for each
point on the ROC curve. The maximum value of the index
(0–1) is commonly used as a criterion for selecting the
optimum cut-off point (Youden 1950). 

Results 

Observer reliability (Parts 1 and 2)
The calculation of the inter-observer reliability for VC
resulted in a Krippendorff’s alpha of 0.82. For the surface
measurements, the inter-rater reliability analysis revealed
Krippendorff’s alpha values of 0.81 for the reference and
0.97 for the alteration. Intra-rater reliability calculation
resulted in a Krippendorff’s alpha of 0.98 for both the
reference and the alteration.

Surface measurements (Part 2)
Figure 3 shows the results regarding the percentage of the
alteration on the foot-pad for VC. In terms of a compar-
ison of VC and TC, all of the feet in scoring class 0 were
valued equally. For scoring class 1, one foot was misclas-
sified by VC; the alteration on this foot-pad showed a
value of 15.9%. For scoring class 2, five feet were found
to be misclassified by VC, with four of those showing
values < 10% and one with a value > 25%. In scoring

Animal Welfare 2020, 29: 419-432
doi: 10.7120/09627286.29.4.419

Figure 3

True percentage of alterations on the foot-pad measured by ImageJ software for the visual score (VC). Dotted lines indicate the set
threshold levels for the TC (< 10% = Score 1; < 25% = Score 2; < 50% = Score 3; > 50% = Score 4). Data of feet scored by VC are
presented as boxplots displaying data range, mean, median, lower and upper quartiles. Outliers are included as dots (n = 100).
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class 3, seven feet were found to be evaluated incorrectly,
with alteration values < 25%. Most misclassifications
became obvious in scoring class 4, with 12 feet found to
show values < 50% (Figure 3, Table 2). 
Comparing VC and TC (including all scoring classes)
resulted in a Krippendorff’s alpha of 0.94 and a PABAK of
0.69, respectively. 

Histopathology: Description of the alteration (Part 2)
Twenty feet were classified within scoring level 0 for the
TC, according to the surface measurement. Of those,
100% were found to show hyperkeratosis, with 75.0%
revealing a mild form, 15.0% a moderate form, and 10.0%
a severe form. Twenty percent of the feet were found to
show perivascular pododermatitis, all to a mild degree.
Twenty percent of the feet revealed re-epithelialised gran-
ulation tissue, whereas two of those were also diagnosed
with perivascular pododermatitis. None of those feet were
found to show ulcerations. According to calculated prob-
abilities, TC 0 was characterised as having the highest
probability of hyperkeratosis of severity grade 1, with all
other parameters showing the highest probability of not
being observed (Figure 4).
Twenty-three feet belonged in TC level 1 according to the
surface measurement. All revealed hyperkeratosis, 26.1% in
a mild form, 47.8% in a moderate form, and 26.1% in a
severe form. Perivascular pododermatitis was found in
43.4% of those feet, with half of them displaying a mild
form, 30.0% a moderate form, and 20.0% a severe form. In
34.8%, re-epithelialised granulation tissue became obvious.
Furthermore, 65.1% of the feet showed ulceration, equally
separated over the three severity grades. No relationship
between the different diagnoses became obvious. According
to calculated probabilities, TC 1 was characterised as
having the highest probability of hyperkeratosis of a
severity grade of 2, with all other parameters showing the
highest probability of not being observed (Figure 4).

Scoring level 2 (TC) also comprised 23 feet. Again, all
showed hyperkeratosis (17.4% mild, 30.4% moderate and
52.2% severe). A total of 73.8% of the feet were
diagnosed with perivascular pododermatitis; of those,
17.6% evinced a mild severity grade, 76.7% a moderate
severity grade and 5.7% a severe severity grade. A total of
65.2% of the feet were found to show re-epithelialised
granulation tissue and all revealed ulcerations, with
13.0% showing a moderate form and 87.0% a severe
form. No relationship between different diagnoses
became obvious. Therefore, TC 2 was characterised as
having the highest probability of hyperkeratosis of
severity grade 3, perivascular pododermatitis of severity
grade 2, and the occurrence of re-epithelialised granula-
tion tissue and ulcerations of severity grade 3 (Figure 4).
Scoring level 3 (TC) was found to include 26 feet. All
revealed hyperkeratosis, except for one foot; however,
here, no epidermis had been left for the assessment. For
the feet involved, severity grades ranged from mild
(16.0%) to severe (36.0%) and most of the feet were
found to show moderate forms (48.0%). Perivascular
pododermatitis was observed in 61.5% of the feet (18.7%
mild, 43.7% moderate, and 37.6% severe). Re-epithe-
lialised granulation tissue occurred in 61.5% of the feet.
Again, all feet revealed ulcerations (3.8% slight, 7.7%
moderate, and 88.5% severe). Therefore, TC 3 showed the
highest probability of displaying hyperkeratosis of
severity grade 2, no multifocal perivascular pododer-
matitis, the occurrence of re-epithelialised granulation
tissue, and ulcerations of severity grade 3 (Figure 4).
Scoring level 4 (TC) comprised eight feet, of which seven
were found to show hyperkeratosis, varying as regards
severity grade (28.6% mild, 28.6% moderate, and 42.8%
severe). However, the leftover foot was found to have no
remaining epidermis with which to assess the grade of
hyperkeratosis. Perivascular pododermatitis was found in
62.5% of feet (60.0% mild, 20.0% moderate, and 20.0%
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Table 2   Agreements between visual classification (VC) and true classification (TC). 

Frequency (%) of feet scored in the individual scoring scales depending on scoring style (VC = five-point scoring system based on the
[subjective] evaluation of the size of the lesion; TC = five-point scoring system based on the surface measurement). Scoring levels are
based on the size of the alteration (< 10% = Score 1; < 25% = Score 2; < 50% = Score 3; > 50% = Score 4). Coloured scales present
the quality of agreements, from perfect agreement in dark grey to partial agreement (difference not more than one scoring level) in
(blue).

VC

TC Score 0 Score 1 Score 2 Score 3 Score 4 Total

Score 0 20 0 0 0 0 20

Score 1 0 19 4 0 0 23

Score 2 0 1 15 7 0 23

Score 3 0 0 1 13 12 26

Score 4 0 0 0 0 8 8

Total 20 20 20 20 20 100
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severe), while granulation tissue occurred in 75.0% of the
feet. Again, all were found to show severe ulcerations.
Therefore, TC 4 can be characterised as having the
greatest probability of showing hyperkeratosis of severity
grade 3, no or only mild multifocal perivascular pododer-
matitis, re-epithelialised granulation tissue, and ulcera-
tions of severity grade 3 (Figure 4).
Erosions were not detected in the presented study. Table 3
provides an overview of the occurrence of the different
parameters in the analysed sample size, as well as informa-
tion on average alteration size.
The severity grade of ulcerations showed a significant effect
on the size of the alteration (percentage in relation to the foot-
pad) (F3,64 = 14.19; P < 0.001), with the pair-wise comparisons
revealing higher values for feet with severe ulceration as
compared to the other feet (all |t| > 3.45; all P <  0.01) and feet

with moderate ulcerations as compared to feet showing no
signs of ulcerations (|t| = 2.73; P < 0.05) (Figure 5). 
The severity grade of hyperkeratosis was also found to have
a significant effect on the size of the alteration (F3,64 = 2.95;
P < 0.05), with the pair-wise comparisons revealing this
effect to be due to higher levels in feet that were not found
to show hyperkeratosis compared to those showing a
severity level of 2 or 3 (all |t| > 2.87; all P < 0.05).
Both the severity of perivascular pododermatitis and the
occurrence of re-epithelialised granulation tissue had no
effect on the relative size of the alteration (perivascular
pododermatitis: F3,64 = 1.45; P = 0.1; re-epithelialised gran-
ulation tissue: F1,64 = 0.64; P = 0.2).
No effect of the interaction between parameters could be
found either (all F > 0.5; all P > 0.05). 
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Figure 4

Network diagram for different scoring levels of TC and the histopathological parameters for which TC 0 signifies no alteration, TC 1,
alteration < 10% of the foot-pad, TC 2, alteration < 25% of the foot-pad, TC 3, alteration < 50% of the foot-pad and TC 4 alteration > 50%
of the foot-pad. Hyperkeratosis, perivascular pododermatitis and ulceration are presented by their severity grades (0 = absent, 1 = mild,
2 = moderate, 3 = severe) and re-epithelialised granulation tissue by the occurrence (0 = absent, 1 = present). Scaling shows the percentage
of feet diagnosed for the different parameters, with each ring representing 10%. 
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Cut-off values and resulting performance data
The AUC of the calculated ROC curves was found to be highest
for the occurrence of ulcerations (0.98) and hyperkeratosis (0.94),
whereas the AUC for multifocal perivascular pododermatitis and
the occurrence of re-epithelialised granulation tissue was found to

be lower (0.67 and 0.70, respectively). 
Potential cut-off values based on the occurrence of ulcerations
are shown in Table 4, which presents values for sensitivity, speci-
ficity, and the Youden’s Index. The maximum Youden’s Index
(0.90) was found at an alteration covering 3.1% of the foot-pad.

© 2020 Universities Federation for Animal Welfare

Table 3   Descriptive analysis of the histopathological parameters for the analysed dataset (n = 100). 

Parameter Severity grade Percentage 
of feet (%)

Mean (± SD) size 
of the alteration (%)

Min–Max (%)

Hyperkeratosis Absence 2 53.9 (± 11.7) 45.7–62.2

Mild 31 11.8 (± 19.1) 0–65.0

Moderate 35 18.4 (± 16.1) 0–51.7

Severe 32 22.7 (± 17.4) 0–65.1

Perivascular 
pododermatitis

Absence 48 14.7 (± 19.5) 0–65.1

Mild 18 18.6 (± 21.2) 0–65.0

Moderate 24 20.6 (± 12.5) 1.0–51.7

Severe 10 31.3 (± 16.0) 8.8–54.8

Ulceration Absence 28 0.4 (± 0.8) 0–2.7

Mild 6 6.7 (± 13.6) 0.5–34.5

Moderate 10 14.6 (± 13.4) 1.8–41.0

Severe 56 29.4 (± 16.2) 3.1–65.1

Re-epithelialised 
granulation tissue

Absence 51 12.9 (± 17.2) 0–62.2

Presence 49 24.2 (± 18.2) 0–65.1

Figure 5

Size of the alteration for different severity grades of ulceration. Data are presented as boxplots displaying data range, mean, median,
lower and upper quartile. Outlier is included as a dot. * P < 0.05; (n = 100).



Histopathology of foot-pad dermatitis in turkeys   427

Discussion
Foot-pad dermatitis is one of the most important animal
welfare indicators in turkeys to date, with severity measured
according to the size of the alteration on the foot-pad. 
According to the classification values proposed by Landis
and Koch (1977), the observer reliabilities found in this
study can be considered “almost perfect.” Therefore, the VC
was deemed an objective method for further use throughout
the study. However, both observers in this study were
trained in scoring foot-pad dermatitis. This must be borne in
mind when one is applying visual systems in practical
contexts, as visual scoring is vulnerable to a high subjective
error, depending on the observer and the appropriate
situation (Meagher 2009; Heitmann et al 2018). Particularly
when the size of circular structures are being assessed, the
observer is exposed to a set of optical illusions that can bias
the ratings — for instance, phenomena such as the
Ebbinghaus syndrome (ie, perception of size depending on
the surrounding conditions) (Axelrod et al 2017). This
might have an effect when the feet of female and male birds
are being evaluated, since foot-pad size differs between the
sexes. No differences in observer reliability between sex of
the feet were found here (results not presented); however,
the size of the foot-pad could affect the performance of the
observer. The quality of evaluation also depends on the
affective context of the observation, as described in van
Ulzen et al (2008). The results of the presented study
confirm the difficulty of accurately assessing the size of a
lesion using a visual score. Most deviations of the real size
(TC) were found for scoring levels 3 and 4. The discrepan-
cies we found in the more severe scoring levels may reflect
the findings of van Ulzen et al (2008) who proposed that
circles with a negative affective impact may be perceived as
larger than circles with a positive loading. In Germany, this
is partly implemented in the health control programme
within the National Parameters for Voluntary Agreements
for the Keeping of Turkeys (2013), condensing the five-
point score to a three-point score by combining scoring
classes 0 and 1 and 3 and 4. 
However, despite the high number of deviations between
both classification types, comparing VC with TC resulted in
good reliability according to the Krippendorff’s alpha. This
can be explained by the character of the Krippendorff’s
alpha, which also takes into account the degree of discrep-
ancies, meaning that if the given score levels differ only
slightly (eg by one scoring level), the result would turn out
better than if the score-level difference was more
pronounced (eg more than one scoring level) (Krippendorff
2011). The PABAK, a reliability coefficient, which
considers only perfect agreements, resulted in a reliability
of 0.69. It might be more suitable to reflect the missing
concordance between classification types when setting the
criteria more stringently (ie expecting perfect agreement).
However, according to the classification values proposed by
Landis and Koch (1977), this result can still be considered
substantial. In conclusion, the scoring system seems to be
suitable for reliably representing the size of the foot-pad
alteration. Using the VC as a scoring system to improve
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Table 4   Cut-off values for the occurrence of ulcerations. 

The Youden’s Index, sensitivity (%) and specificity (%) were
calculated for different sizes of the alteration (%) in relation to
the foot-pad. Blue markings highlight the sensitivities and specificities
> 80%, dark grey signifies the maximum Youden’s Index.

Size of the
lesion (%)

Sensitivity
(%)

Specificity
(%)

Youden’s
Index

16.0 68 100 0.68

14.9 71 100 0.71

14.2 72 100 0.72

13.3 74 100 0.74

11.6 75 100 0.75

10.8 76 100 0.76

10.4 78 100 0.78

10.1 79 100 0.79

9.5 81 100 0.81

9.4 82 100 0.82

8.8 83 100 0.83

8.7 85 100 0.85

6.0 86 100 0.86

5.6 88 100 0.88

4.1 89 100 0.89

3.1 90 100 0.90

2.7 90 96 0.87

2.5 90 93 0.83

2.3 92 93 0.85

2.2 92 89 0.81

2.2 93 89 0.82

1.8 94 89 0.84

1.4 94 86 0.80

1.2 94 82 0.77

1.1 96 82 0.78

1.0 97 82 0.79

0.9 99 82 0.81

0.7 99 79 0.77

0.7 99 75 0.74

0.6 98 71 0.70

0.5 100 71 0.71

0 100 0 0

http://dx.doi.org/10.7120/09627286.29.4.419
http://dx.doi.org/10.7120/09627286.29.4.419


428 Stracke et al

foot-pad health in turkey husbandry (eg as a benchmark
system), therefore, seems to work perfectly well.
However, as well as being objective, repeatable, and
reliable (Hocking et al 2008), classification systems also
require a high degree of validity. This means they must
ensure that they reflect the problem/disease as well as
possible, especially as such systems are required to
withstand economic competition (Lund et al 2017; van
Harn & de Jong 2017). This might be especially relevant
when the VC is used not only to improve — but to also
indicate — welfare in turkeys. 
Therefore, the present study aimed to examine the under-
lying pathology in more detail by histopathological
analysis. We hypothesised that severity in the histological
findings would increase with an increasing size of the alter-
ation. This hypothesis was not confirmed for all of the
measured parameters in their entirety, as no clear pattern
was found for the scoring classes of TC. However, in
assessing the various parameters separately, different
features became obvious. 
First of all, none of the feet analysed in this study appeared to
be intact. At the very least there was evidence of hyperker-
atosis in the histopathological findings.
Hyperkeratosis — described as thickening of the stratum
corneum of the epidermis, resulting in a thickened layer of
underdeveloped keratin — is said to result from a permanent
irritation of the epidermal surface in response to an external
trauma (Shepherd & Fairchild 2010). Even if it might be of
minor clinical relevance, hyperkeratosis, albeit a severe case,
might be considered pathological. With regard to the
European Convention for the Protection of Animals kept for
Farming Purposes (Article 7- [...] avoid unnecessary
suffering [...]) and the concept of the Five Freedoms (freedom
from pain, injury and disease) (Farm Animal Welfare
Committee [FAWC] 2009), one could argue that the occur-
rence of hyperkeratosis should be avoided. However, hyper-
plasia of the stratum corneum can also be considered a
physiological adaption process. Bearing in mind the weight
of the animals, as well as the time of the fattening period, the
occurrence of hyperkeratosis might be a protective (and
normal) response to the external mechanical stresses to which
the animals are exposed, as it would be in humans (Hashmi
et al 2015). Here, the occurrence of different types of hyper-
keratotic processes is reported to result in different degrees of
severity with regards to pain (Freeman 2002). In terms of
animal welfare, the impact of the occurrence of hyperker-
atosis, therefore, must be considered carefully. It would be
interesting if comparative studies were conducted with non-
domesticated turkeys to reflect the physiological state of
turkeys’ feet. However, in conjunction with other parameters,
the occurrence of hyperkeratosis should be noteworthy, even
if no clear linking patterns between parameters could be
revealed in the presented study.
Perivascular pododermatitis also occurred in all scoring
levels, with it being most pronounced in scoring level 2 and
displaying a high probability of a moderate severity grade.
Bacterial infections and blunt trauma can cause heterophilic

perivascular pododermatitis, with the presence of
heterophilic granulocytes being referred to as an acute
process (McGavin & Zachary 2006). On the other hand,
lymphocytic perivascular pododermatitis refers mainly to
chronic processes. We did not distinguish between both
types in this study; however, most of the observed incidents
seemed to show an infiltration of lymphocytes, which
describes a rather chronic process. Also, re-epithelialised
granulation tissue was found in all scoring classes, showing
the greatest probabilities in the higher levels (≥ 2). To date,
the granulation tissue is not included in the visual scoring
schemes used. Even if it might not be relevant to evaluate
an acute disease, the granulation tissue might be a valuable
indicator to draw retrospective conclusions about the foot-
pad health during the entire period of husbandry (Michel
et al 2012). The formation of granulation tissue is essen-
tially involved in wound healing in poultry (Chen et al
2016). It might, therefore, provide indirect evidence of old
injuries and, furthermore, reveal aspects of the chronology
of the injury period. In chickens, the re-epithelialisation of
wounds in the skin starts after three days (Katiyar et al
1992). However, the healing process may be influenced by
ongoing exposure to the noxae and poorly definable indi-
vidual influences, including the reagibility of the immune
system. As yet, there have been no studies describing
wound healing in turkeys’ foot-pads. Therefore, re-epithe-
lialisation tissue can be an indicator of either chronic
processes during the fattening period (Klambeck et al 2019)
or a more positive development, caused, for example, by a
change in the environment or litter management during
husbandry. However, both parameters (perivascular podo-
dermatitis and the re-epithelialised granulation tissue) were
not found to affect the size of the alteration. Furthermore,
they revealed low AUC values, which is an indicator of the
quality of a classifier in regression models. Comparable
results were found in a similar study examining the feet of
Pekin ducks (Anas platyrhynchos domesticus), revealing
only weak correlations between perivascular pododer-
matitis, re-epithelialised granulation tissue, and the size of
the lesion (Klambeck et al 2019). 
By contrast, the severity grade of the ulceration was found to
significantly affect the size of the alteration. The occurrence
of this parameter resulted in high AUC values, indicating this
parameter to be a good classifier for the size of the foot-pad
alteration. Equivalent effects were found for the parameter of
hyperkeratosis, indicating a decrease in severity grade with
an increase in the size of the alteration. However, these latter
results can perhaps be overlooked, since they are almost
certainly a result of our method of sample collection.
Histopathological tissue for analysis was collected from the
centre of the lesion; therefore, the bigger the size, the smaller
the amount of the epidermis remaining in the individual slide
(ie there were two feet in scoring levels 3 and 4, neither of
which revealed hyperkeratosis but also with no remaining
intact epidermis to measure this parameter).
However, the occurrence and severity grades of ulcerations
seem good classifiers for the size of the lesion (or vice versa),
with there being higher severity grades relative to increases in
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alteration size. AUC value, commonly used to discriminate
between patients with or without disease, also indicated an
excellent diagnostic quality of this parameter (Svets 1988).
This confirms the results of Toppel et al (2019). Similar results
were also found in broiler chickens (Heitmann et al 2018;
Piller et al 2020), with both these studies finding a correlation
between ulceration occurrence and increasing lesion size. 
Still, it must be noted that no difference was found between
scoring levels 2–4 in regard to the occurrence and severity
of ulcerations, with all scoring classes showing an equally
high probability of severe incidents. The majority of severe
ulcerations were found in feet showing an altered size of
between 17 and 39%. Therefore, using the scoring system
presented would restrict the informative value of a link
between ulceration severity and the size of the alteration
within scoring classes 0–2. Adjusting the cut-off points
between scoring levels would enable the scoring system to
provide a more valid reflection of these incidents.
Especially with regard to animal welfare, ulcerations are of
high importance, since they are often considered painful,
certainly in mammals (for a review in pigs [Sus scrofa], see
Ison et al 2016). Gentle et al (2001) showed that chickens
dispose of A-delta mechanothermal afferent units (AMT
fibres) in the skin of the legs. The researchers concluded that
the presence of such AMT fibres implied that birds experi-
ence pain rather than showing simple nociceptive responses.
Even if this has yet to be proven in turkeys, various studies
have indicated a perception of pain and, more precisely, a link
with this and FPD in turkeys, also. For example, Hocking and
Wu (2013) and Weber Wyneken et al (2015) drew indirect
conclusions regarding the painfulness of FPD by measuring
impaired gait and decreased activity in turkeys. Comparable
results were found in broiler chickens whereby McKeegan
(2010) found a link between slower movement and the occur-
rence of FPD, which could be altered via analgesia. Martland
(1985) found an interrelation between FPD and an impaired
growth rate, which he concluded to be a result of pain-
induced inappetence. However, studies into impaired gait are
the subject of growing scrutiny since other causes, such as
femoral head necrosis (Dinev 2009; Packialakshmi et al
2015) and osteomyelitis (Wyers et al 1991) are increasingly
common in fast-growing poultry. Furthermore, as yet, there
have been no studies showing a direct link between different
pathologies (eg varying severity grades of ulceration) and
specific pain levels or subjective experiences. As a result,
there remains a lack of clear evidence on the impact of FPD
on animal welfare. Nevertheless, there seems a general
acceptance that, until scientific research manages to find
evidence for the perception of pain due to FPD in poultry, the
prevention of ulcerations should be a goal, especially when
FPD is used as an indicator for animal welfare (Ekstrand et al
1997; Algers & Berg 2001; Louton et al 2020; Piller et al
2020). The calculated cut-off values point out that even very
small lesions should be taken into account for the avoidance
of ulcerations. Youden’s Index is a commonly used tool for
setting thresholds in diagnostic tests (Youden 1950) based on
the sensitivity and specificity of each data-point in the ROC
curve. The maximum Youden’s Index (0.90) was found at an

altered area of 3.1%. Youden’s Index rates both sensitivity
(percentage of affected feet correctly identified as showing an
ulceration) and specificity (percentage of unaffected feet
correctly identified as not showing an ulceration) as equally
important. However, even if one accepts the sensitivity for
ulceration detection to be as low as 68%, the size of the alter-
ation would be low (16% of the foot-pad). An interesting
aspect through which to gain further insight into the develop-
ment of FPD would be to measure the depth of ulcerations, as
was proposed by Große Beilage et al (2019), in regard to pain
in pigs. However, for now, this appears impossible in turkeys
since the development of granulation tissue over the long
fattening period blurs the edges of the damage, making it
impossible to set adequate reference points indicating the
healthy epidermis. 

Animal welfare implications
The present study can contribute to improve a standard
scoring system for the evaluation of FPD in turkeys. Taking
into account our results, discussion should be undertaken
regarding the use of FPD as a welfare indicator, especially
concerning the set thresholds in the present scoring system
and the inclusion of other parameters, such as the occur-
rence of re-epithelialised granulation tissue.
Looking to the future and the rapid development of
automated methods, this might be an opportunity to enhance
the quality of FPD evaluation. A basis for such discussions
would be further research focusing on the perception of pain
in turkeys. Furthermore, future studies should be used to
assess the impact of potential refinements on the prevalence
of FPD in turkeys in general.

Conclusion
To conclude, the presented results showed the visual score to
be reliable in representing the dimension of the alteration.
Particularly when implemented as a benchmark, the visual
score is effective at sensitising owners to the health status of
their animals and to improve food-pad health. However, when
FPD is used as an indicator of animal welfare, the classifica-
tion that’s currently in use may have to be more stringent. Our
findings suggest that small lesions, as found in VC 1 and 2,
were already characterised as ulcerations. Therefore, a refine-
ment of the visual scoring system might be necessary until
further research concerning the painfulness of those patholo-
gies can define their role with regard to animal welfare.
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