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ABSTRACT Assessing keel bone damage reliably and
accurately is a requirement for all research on this topic.
Most commonly, assessment is done on live birds by
palpation and is therefore prone to bias. A 2-day Train-
ing School of the COST Action “Identifying causes and
solutions of keel bone damage in laying hens” with 16
participants of variable experience was held where pal-
pation of live hens was followed by consulting corre-
sponding radiographic images of keel bones. We hy-
pothesized that the inter-observer and intra-observer
repeatabilities as well as the agreement between pal-
pation and assessment from the radiograph (consid-
ered as the accuracy) would increase from day 1 to
2. Repeatability estimates were calculated using the
R-package rptR and the change in level of accuracy
on day 1 and 2 was analyzed with generalized lin-
ear models. As predicted, the inter-observer repeata-
bilities of the assessments of the fractures and devia-

tions were improved by training, but this improvement
differed for fractures and deviations between the cra-
nial, middle, and caudal parts of the keel bone. Intra-
observer repeatabilities before training also differed be-
tween the different parts of the keel bone and were
highest for fractures at the caudal part of the keel
bone. The training affected the accuracy of palpation
to different degrees for the different parts of the keel
bone. A training effect was found for the caudal part
of the keel bone in regard to fractures and deviations,
but for fractures the training effect was missing for
the cranial part and for deviations it was missing for
the middle part of the keel bone. In conclusion, the
training school involving radiographs improved inter-
observer repeatabilities in the diagnosis of fractures
and deviations of keel bones and thus had the poten-
tial to lead to more comparable results among research
groups.
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INTRODUCTION

A majority of laying hens damage their keel bone
during their lifetime which includes fractures and de-
viations of various severity at different locations of the
bone constituting a severe welfare problem (Riber et al.,
2018). Keel bone damage has been found to various de-
gree in different countries (Käppeli, et al., 2011b; Best-
man and Wagenaar, 2014; Riber et al., 2018; Rørvang
et al., 2019; Scholz et al., 2009), different genetic stock
(Käppeli, et al., 2011a; Regmi et al., 2016; Stratmann
et al., 2016; Heerkens, et al., 2016b; Eusemann et al.,
2018), and different housing systems (Rodenburg et al.,
2008; Wilkins et al., 2011; Hester et al., 2013; Petrik
et al., 2015; Heerkens, et al., 2016a; Casey-Trott et al.,
2017).
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Unfortunately, comparisons across these studies are
difficult. Researchers from different groups may assess
the same kind of damage differently, and differentiating
between the type of damage (i.e., fracture and/or de-
viation) as well as assessing severity is difficult. Incon-
sistent keel bone damage assessment is seen as a major
problem inhibiting research on the causes and preven-
tion of keel bone damage (Casey-Trott et al., 2015),
and this problem is especially important for the most
common diagnostic method, palpation of live hens. Un-
like more exact methods such as radiography, peripheral
quantitative computed tomography, or dissections of
dead birds ideally followed by histology which are time-
and cost-consuming, palpation can be easily and quickly
done on a large number of live laying hens inside the
barn. Therefore, standardizing the palpation method
and the way of reporting keel bone damage is imper-
ative and must be improved (Harlander-Matauschek
et al., 2015).

Several studies addressed inter- and intra-
repeatability of assessment of fractures and deviation
in keel bones. Experience in palpating keel bones has
been shown to improve both accuracy and agreement
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between assessors (Petrik et al., 2013) but its effect
is limited and can even lead to lower specificity and
precision (Buijs et al., 2018). Training has also been
discussed as improving accuracy and agreement be-
tween assessors (Petrik et al., 2013; Buijs et al., 2018;
Chargo et al., 2018). While training involved visualiza-
tion of the keel bone by constructing 3 D models based
on computed tomography (CT) in Chargo et al. (2018),
most training sessions consisted in the simultaneous
palpation of one or more experienced and several non-
experienced assessors with discussions of the results
(Petrik et al., 2013; Buijs et al., 2018). Additionally, to
experience and training, the location of the fracture on
the keel bone affects the accuracy of palpation (Buijs
et al., 2018).

In order to improve consistency in palpations be-
tween research groups, a 2-day Training School of the
COST Action CA15224 “Identifying causes and so-
lutions of keel bone damage in laying hens” (http:
//www.keelbonedamage.eu/, accessed 22-10-2018) was
held where 16 trainees with various levels of experi-
ence in the palpation of keel bones palpated live lay-
ing hens before and after consulting the radiographic
image of the keel bone of the same hen. The goal was
that the participants were able to fine-tune their palpa-
tion technique. We predicted that the inter- and intra-
repeatability and accuracy of palpation (i.e., the agree-
ment between the palpation and the “true” state as seen
on the radiograph) would be higher on the second day
than on the first day of training.

The aim of this study was to evaluate the effective-
ness of using palpations along with the corresponding
radiographs of keel bones in order to increase repeata-
bility and accuracy of keel bone damage assessment in
live hens.

MATERIALS AND METHODS

Ethical Statement

The use of animals was approved by the Cantonal
license BE 74/17. All human participants gave their
written consent for the analyses of their palpation
assessments.

Animals

On the first day of the training school 40 Lohmann
Selected Leghorn and 40 Lohmann Brown laying hens of
63 weeks of age representing a wide variety of keel bone
damage, i.e., including minor and major damage at dif-
ferent localizations of the keel bone, were collected from
a pen equipped with an aviary system (Bolegg Terrace,
Krieger AG, Ruswil, Switzerland) and radiographed fol-
lowing Rufener et al. (2018). Briefly, hens were care-
fully hung upside down and a latero-lateral image was
produced with a mobile radiograph unit (GIERTH HF
200ML; radiograph tube Toshiba D-124 with maximal
acceleration voltage of 100 kV; radiograph plate Canon

CXDI-50 G; software Canon CXDI Control Software
NE) using a distance of 80 cm and voltage of 46 kV/2.4
mAs. The radiographs were performed about 4 h be-
fore the palpations and hens were kept in the winter-
garden of the barn where further damage to the keel
bone was unlikely until palpation. Just before palpa-
tions, the hens were placed into 4 different crates with
10 hens each. Four stations consisting of a crate situ-
ated next to a computer screen where the radiographic
images of the corresponding hens were available were
set up. Care was taken to include a great variety of
keel bone damage for each station. Participants were
distributed among the stations but some participants
palpated hens from more than one station. A second
set of another 40 hens was selected and radiographed
according to the same protocol and displayed at the 4
stations on the second day. All hens could be identified
by numbered legbands.

Assessors

From the list of applicants, 16 people from different
groups (mostly from academic research groups, but also
from companies using palpations of keel bones) were
chosen. The aim was that these people would train their
colleagues so participants came from different countries
and had not palpated keel bones together before the
training school. Some had palpated thousands of lay-
ing hens before, others had not done it at all and the
experience of the rest was between these extremes.

Experimental Design

On the first and second training day, 16 and 15 par-
ticipants, respectively (3 or 4 per station), conducted
palpations of keel bones in the following way.

Session 1: Participants palpated 10 to 20 hens (from
1 to 2 stations) and noted whether they found fractures
or deviations in the cranial third, the central third, or
the caudal third of the keel bone. On the data sheets,
a crude sideway image was provided where participants
had tick marks to indicate whether they thought there
was a fracture or deformation. The sideway image of
the keel bone was divided into 3 equally sized parts.
Thus, 6 binomial variables (i.e., caudal deviation, cau-
dal fracture, middle deviation, middle fracture, cranial
deviation, and cranial fracture) were recorded per hen.

Session 2: Participants palpated the same individual
hens immediately after the first session and recorded
their assessment in the same way in order to determine
intra-observer reliability prior to training. Participants
did not communicate with each other during the first 2
sessions of palpation.

Session 3: After writing down the results from the sec-
ond session of palpation, participants looked at the ra-
diograph of the hens and recorded a third, radiograph-
based assessment. Participants were encouraged to
discuss the results of the palpation and radiograph
assessments with each other. Again, the same 6
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binomial variables as described above were recorded
per hen.

Sessions 1, 2, and 3 were repeated on a second set of
hens in the same way on the following day. When par-
ticipants made ambiguous notes their data were con-
sidered missing. Therefore, the number of participants
varies in the analyses.

Statistical Analyses

In this paper, we follow the terminology of Stoffel
et al. (2017) who use the term repeatability as a quanti-
tative measure of reliability (sensu reliability; Bartlett
and Frost, 2008). Inter- and intra-observer repeatability
estimates based on the intra-class correlation coeffi-
cients were calculated using R (version 3.4.3), package
“rptR” (Nakagawa and Schielzeth, 2010). The special
feature of this package is that it can deal with binomial
data and controls for fixed effects (Stoffel et al., 2017).
The presence or absence of a fracture or deviation in
the respective third of the keel bone (cranial, middle,
or caudal) was taken as a binary variable, resulting in 6
binary variables (i.e., caudal deviation, caudal fracture,
middle deviation, middle fracture, cranial deviation,
and cranial fracture). The variance in the repeatability
estimates was assessed by parametric bootstrapping
meaning that the original model and sampling design
were used to simulate a new data set and analyze it
1,000 times within this package (Stoffel et al., 2017).
The model included the identity of the assessor and thus
allowed for different repeatabilities among assessors.

Link-scale instead of original scale approximations of
the variables are presented in this manuscript because
they represent the assumed underlying scale and not
the binary scale of the data (Schielzeth and Bolund,
2010). That means that the binary variable (e.g., frac-
ture yes or no) is (roughly) replaced by the probability
of being a yes or no. Repeatabilities were calculated for
the 3 sections of the keel bone separately as well as
pooling the results from the 3 locations. In the latter
case, a keel bone was counted as fractured/deviated if
a fracture/deviation was found in at least 1 location of
the bone because most existing studies on keel bones
report damage for the entire bone.

Inter-observer reliabilities were based on results from
the first palpations (session 1) and before looking at
radiographs among observers on either day. To test
intra-observer repeatabilities for individual assessors,
another variable was created (binary variable: frac-
ture/deviation outcome of the first palpation session
equals/not equals the fracture/deviation outcome of
the second palpation session). Intra-observer reliabili-
ties were based on the results from the first and second
palpation (session 1 vs. session 2) within each observer
of day 1 only. A Fisher’s exact test (Proc Freq, SAS
9.4) on this variable was conducted.

For the hypothesis that the accuracy of palpation,
i.e., the agreement between palpation and radiograph
of the same hen was higher after training, 2 analyses

were performed. First, R based on the package “rptR”
was calculated by comparing the palpation before look-
ing at the radiograph with the assessment of the ra-
diograph for each assessor ( = “accuracy”). Secondly,
a generalized linear model was performed with Proc
Glimmix SAS 9.4. following Bartlett and Frost (2008)
by defining accuracy as the percentage of achieving the
same state in a binomial variable in order to estimate
the factors day, section of the keel bone, and assessor.
The binary outcome variable was whether the assess-
ment of individual assessors from day 1 was identical
to the assessment from day 2 or not. The 2 assessments
were the palpation in session 2 ( = second palpation of
the hen before discussing with other trainees and before
seeing the radiograph) and the assessment of damage
from the radiograph by the same trainee. The trainees
could discuss the radiograph with the radiologist and
other people that were present (other trainees at their
station).The fixed effects were time point (day 1 or 2),
the section of the keel bone (cranial, middle, caudal),
and the assessor. All possible interactions (up to the
3-way interaction) were included at first but consecu-
tively removed unless P < 0.2. A significant interaction
was partitioned to yield tests of simple effects (Winer,
1971 in SAS Users’ Guide, 2010). Multiple a posteri-
ori contrasts were adjusted according to Scheffe (SAS
Users’ Guide, 2010).

To test whether more fractures or deviations where
diagnosed when palpating or looking at radiographs,
the assessment of the radiograph was deducted from
the assessment by palpation (1 = presence of fracture of
deviation, 0 = absence of fracture or deviation). A sign
test was performed whether the result was unequal 0.

RESULTS

Inter-observer Repeatability

The inter-observer repeatabilities of the fractures
and deviations of the whole keel (i.e., at least one
fracture or deviation in at least one of the 3 locations)
were improved by training and increased from R = 0.11
(fractures) and R = 0.18 (deviations) to R = 0.43 for
both measures on the second day compared with the
first day of the Training School (Table 1). The 95%
confidence intervals for the fractures did not overlap
at all and for deviations the estimate of 0.18 for the
first day is not within the confidence interval of the
estimate of the second day. There was evidence that
the assessments of fractures and deviations of different
parts of the keel bone had different repeatabilities.
While the inter-observer repeatability of fractures at
the cranial third of the keel bone including the 95%
confidence interval was higher than 0 on the second day,
the estimates of the inter-observer repeatabilities of
fractures and deviations at the middle part of the keel
bone were not significantly greater than 0 on either day
and the estimates of the caudal parts of the keel bone
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Table 1. Inter-observer repeatabilities before (day 1) and after
training (day 2) based on the link scale. The mean repeatability
estimates (R) and the 2.5% and 97.5% confidence intervals (CI)
of the bootstrapping are given.

Variable Time-point R CI

Fractures (N1 = 394)2 Day 1 0.11 0.01, 0.24
Cranial (N = 131)2 0.11 0, 0.34
Middle (N = 124)2 0.11 0, 0.33
Caudal (N = 139)2 0.02 0, 0.12

Fractures (N = 420)3 Day 2 0.43 0.28, 0.58
Cranial (N = 141)3 0.33 0.07, 0.69
Middle (N = 138)3 0.04 0, 0.18
Caudal (N = 226)3 –4 –4

Deviations (N = 391)2 Day 1 0.18 0.06, 0.33
Cranial (N = 128)2 0.35 0.10, 0.61
Middle (N = 142)2 0.22 0, 0.73
Caudal (N = 121)2 0.02 0, 0.13

Deviations (N = 413)3 Day 2 0.43 0.27, 0.59
Cranial (N = 140)3 0.16 0, 0.69
Middle (N = 142)3 0.28 0.06, 0.51
Caudal (N = 121)3 –4 –4

1Number of observations
2Based on the assessments of 16 persons
3Based on the assessments of 15 persons
4Model failed to converge

Table 2. Frequencies of fractures and deviations as assessed from
the radiographs during both days. The numbers refer to the as-
sessments of all hens by each participant so each hen was assessed
multiple times, but different hens were assessed on day 1 com-
pared to day 2.

Damage present

Type of damage Day 1 Day 2

Fracture, cranial 121 (55%) 90 (27.4%)
Fracture, middle 112 (52.6%) 81 (26.1%)
Fracture, caudal 246 (97.2%) 325 (95%)
Deviation, cranial 60 (36.8%) 61 (21.6%)
Deviation, middle 122 (63.9%) 222 (72.1%)
Deviation, caudal 20 (14.4%) 16 (6.4%)

(tip) were not significantly greater than 0 on day 1 and
could not be estimated on day 2. Non-estimable
repeatabilities could be due to low variances
(https://cran.r-project.org/web/packages/rptR/
vignettes/rptR.html). The confidence intervals of
the inter-observer repeatabilities of deviations of the
cranial and middle third of the keel bone were wide,
often included 0 and overlapped on both days. The
inter-observer repeatability of deviations at the caudal
third was not significantly greater than 0 on day 1 and
could not be estimated on day 2. The reason for the
failure of estimation was the low variance in fractures
and deviations at the caudal parts of the keel bones:
Taking the assessments of radiographs as the best
estimates of “true” incidences almost all caudal parts
of the keel bone were fractured and hardly any had a
deviation (Table 2).

Intra-observer Repeatability

The estimation of intra-observer repeatabilities of
fractures and deviations was impaired because data on
day 2 were only available from one person (Table 3).

Table 3. Intra-observer repeatabilities based on the link scale
when keel bones were palpated twice by each observer. The mean
repeatability estimates (R) and the 2.5 and 97.5% confidence
intervals (CI) of the bootstrapping are given.

Variable Time-point R CI

Fractures (N1 = 340)2 Day 1 0.30 0.20, 0.40
Cranial (N = 116)2 0.13 0.04, 0.27
Middle (N = 101)2 0.02 0, 0.1
Caudal (N = 123)2 0.995 0.99, 0.997

Deviations (N = 306)4 Day 1 0.33 0.24, 0.42
Cranial (N = 100)3 0.07 0, 0.16
Middle (N = 117)4 0.16 0.001, 0.98
Caudal (N = 89)4 0.02 0, 0.09
1Number of observations
2Based on the assessments of 15 persons
3Based on the assessments of 13 persons
4Based on the assessments of 13 persons

Concentrating on day 1, the repeatability for fractures
at the caudal part of the keel bone was very high
whereas the repeatability for deviations at the caudal
part of the keel bone was not significantly greater than
0. In general, repeatabilities of fractures were similar to
the repeatabilities of deviations on day 1.

The intra-observer repeatability as measured with
the binary variable “fracture/deviation outcome of the
first palpation session vs. fracture/deviation outcome
of the second palpation session” differed between asses-
sors only for fractures of the cranial and the caudal part
of the keel bone (cranial: Fisher’s exact test: P = 0.049,
N = 116, caudal: Fisher’s exact test: P = 0.003,
N = 123) and ranged from 33% (cranial fractures and
deviations), 50% (caudal fractures), and 28.6% (caudal
deviations) to 100% for fractures and deviations at all
parts of the keel bone. In other words, the probability
whether an assessor came to the same decision frac-
ture/deviation yes/no differed during the first and the
second palpation depended on the location (e.g., 50%
of the assessors reported the same outcome for caudal
fractures in both sessions). Assessors did not differ sig-
nificantly concerning the intra-observer repeatability of
deviations which ranged from 29% to 100% (all P values
> 0.18).

Accuracy

The accuracy of palpations of fractures and devia-
tions (i.e., accuracy of the palpation in session 2 com-
pared with the assessment of the radiograph in session
3) were higher on day 2 than day 1 (Table 4). The accu-
racies of fractures at the middle and caudal part of the
keel bones and of the deviations at all parts of the keel
bone were especially high on day 2. The percentage of
accurate assessments of fractures at different locations
improved from 71% to 85% on day 1 to 78% to 96% on
day 2 (Table 5a). Accuracy of palpation improved from
day 1 to 2 for fractures at the middle and caudal parts
of the keel bone, but no differences between the days
were detected for fractures of the cranial part of the keel
bone. Day (F1, 894 = 8.74, P = 0.003), location at the
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Table 4. Accuracies of palpation, i.e., the agreement between the
palpation and the “true” state as seen on the radiograph, based
on the link scale. The mean repeatability estimates (R) and the
2.5% and 97.5% confidence intervals (CI) of the bootstrapping
are given.

Variable Time-point R CI

Fractures (N = 697)1 Day 1 0.42 0.33, 0.51
Cranial (N = 220)1 0.001 0, 0.01
Middle (N = 213)1 <0.0001 0, 0.0001
Caudal (N = 119)1 –2 –2

Fractures (N = 217)3 Day 2 0.61 0.52, 0.69
Cranial (N = 73)3 0.45 0.16, 0.96
Middle (N = 65)3 0.99 0.99, 0.998
Caudal (N = 79)3 0.98 0.96, 0.996

Deviations (N = 497)1 Day 1 0.41 0.32, 0.50
Cranial (N = 163)1 0.0002 0, 0.0001
Middle (N = 191)1 <0.0001 0, 0.0001
Caudal (N = 139)1 0.28 0, 0.996

Deviations (N = 199)3 Day 2 0.49 0.39, 0.59
Cranial (N = 66)3 0.99 0.99, 0.998
Middle (N = 74)3 0.99 0.98, 0.997
Caudal (N = 59)3 0.995 0.99, 0.998
1Based on the assessment of 15 people
2Model failed to converge.
3Based on the assessment of 10 people

Table 5. Here, accuracy is defined as the percentage of achieving
the same assessment of keel bone damage from palpation and
radiographs (i.e., session 2 vs. 3) in a binomial variable. The
binary outcome variable was whether the assessment of fractures
(a) and deviations (b) was identical between the palpation and
at the assessment from the radiographs on day 1 and 2. The P
values indicate if there was a significant training effect in the
generalized linear model.

a) fractures
Part % day 1 % day 2 F1,894 P

Cranial 77.4 (181) 78.1 (57) 0.04 0.84
Middle 71.1 (150) 90.8 (65) 7.88 0.005
Caudal 85.3 (215) 96.2 (76) 4.79 0.029
b) deviations
Part % day 1 % day 2 F1,676 P
Cranial 77.1 (131) 89.4 (59) 5.63 0.02
Middle 82.8 (159) 85.1 (65) 1.05 0.31
Caudal 77.8 (105) 96.2 (76) 8.74 0.003

keel bone (F2, 894 = 6.57, P = 0.002) and the interac-
tion between these 2 factors (F2, 894 = 4.06, P = 0.018)
but not the assessor (F14, 894 = 1.31, P = 0.19) pre-
dicted the accuracy in the assessment of fractures. The
difference in accuracy between the 2 days was different
for the cranial part vs. the caudal part (t894 = 3.61,
P = 0.0003) and the middle part vs. the caudal part
(t894 = –2.38, P = 0.018) but not between the cranial
vs. the middle part (t894 = 1.24, P = 0.22).

In contrast to fractures, accuracy of deviations de-
pended on the assessors and a difference between days
was present (Table 5b, day: F1, 676 = 13.75, P = 0.0002,
assessor: F14, 676 = 1.84, P = 0.03). There was a trend
that the difference between days depended on the lo-
cation of the deviation (interaction day × location:
F2, 676 = 2.48, P = 0.09). When this interaction was
partitioned an effect of day was present for deviations
of the cranial (F1, 676 = 5.63, P = 0.02) and caudal

(F1, 676 = 8.74, P = 0.003) but not the middle part
(F1, 676 = 1.05, P = 0.31) of the keel bone.

On average, assessors recorded more fractures and
more deformations at all parts of the keel bones when
palpating than when consulting the radiographs (all
sign tests of fractures and deformations 0.0001 < P <
0.05).

DISCUSSION

Confirming previous studies, training with radio-
graphs enhanced the inter-observer repeatability when
palpating keel bones of laying hens to diagnose fractures
and deviations but this was different for different parts
of the keel bone and different for fractures and devia-
tions. The necessity for training (Wilkins et al., 2004;
Petrik et al., 2013) arises because the advantages of
the method of palpation to diagnose keel bone damage
like speed and low invasiveness are counterbalanced by
inaccuracies when compared with histology (Scholz et
al., 2008) or dissection (Wilkins, et al., 2004; Stratmann
et al., 2015).

This study revealed that repeatabilities between ob-
servers increased in the same magnitude for both keel
bone fractures and deviations on the second day of
training. Due to low sample size, the intra-observer re-
peatability of the second day cannot be interpreted.
Assessors might have remembered some fractures or
deviations from the preceding palpation which could
have inflated the estimate of intra-observer repeatabil-
ity. However, as each assessor recorded 6 results per
bird (fracture, deformation for each of the 3 parts of
the keel bone) for 10 hens before the same animal was
palpated again this inflation is unlikely. Similarly to
inter-observer repeatabilities, accuracy as defined as
the agreement between the palpation and the assess-
ment from the radiograph was higher on training day
2. In general, the repeatability values were quite low
which might be due to the different degree on expe-
rience palpating keel bones among the observers. We
cannot rule out that participants at the same station
influenced each other even at times when they should
not speak with each other. However, this would have
inflated inter-observer repeatabilities similarly on days
1 and 2.

As in Buijs et al. (2018) inter-observer repeatability
for fractures at the caudal part of the keel bone was very
low on day 1. Possibly, the high frequency of fractures at
the caudal part (above 95%) made the estimate of inter-
observer repeatability difficult and probably was the
reason why it could not be estimated on day 2. The high
frequencies likely also inflated the intra-observer relia-
bility estimates of fractures and deviations at the cau-
dal part which had very high values. Therefore, these
estimates of repeatabilities for palpation results con-
cerning the caudal part of the keel bone might not be
meaningful. In addition, most fractures at the caudal
part were at the dorsal side of the keel bone which was
inaccessible to palpation and could only be seen on the
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radiographic image (Richards et al., 2011; Baur, pers.
comm.). Furthermore, these fractures often miss callus,
bony ectostosis, or suture material that could be felt
during palpation (Casey-Trott et al., 2015). Especially
for damage at the caudal part there seem to be limits
to the accuracy of palpations that cannot be overcome
by training. Using radiographic images (Rufener et al.,
2018), CT’s (Chargo et al., 2018), dissections, or, as
the gold standard histology (Scholz et al., 2008) could
enhance the quality of diagnosis.

Estimates of accuracies based on the percentages of
identical assessments of palpation and radiographs, i.e.,
the binary outcome of “identical” or “not identical”
scoring before and after radiograph assessment, were
generally higher than the repeatabilities based on the
intra-class correlation coefficient comparing palpations
of session 1 and session 2. Regarding the applicability
of palpation, one might argue that accuracy is a more
relevant measure than inter-observer reliability. How-
ever, the accuracy of palpation depends heavily on the
frequency of scores. As an example, the percentage of
identical assessments of palpation and radiographs is
automatically high when almost all caudal parts have
multiple fractures that are more difficult to miss. In-
terestingly, assessors overestimated the number of frac-
tures and deformations when they palpated compared
to looking at radiographs. Recording a fracture or defor-
mation after palpation but not recording it when con-
sulting the radiographs happened more often than the
opposite. It is important to note that this estimate of
accuracy does not reveal the correct state but just how
similar the same person assessed the same hen depend-
ing on the method. The aim of the training school was
to improve the consistency between palpation and the
assessment from the radiograph.

Multiple groups of assessors palpated different sets
of birds which could have increased differences between
assessors. However, care was taken to include the same
range of damages in all sets so that this influence should
be minimal. The main cause for the differences among
assessors was probably their experience. At least one as-
sessor regularly palpated hundreds of laying hens daily
whereas others had never palpated a hen before. Un-
fortunately, we did not record the experience of each
assessor so we could not take this into consideration in
the analyses.

The necessity of training to obtain a scientifically
valid palpation score is undisputed but commonly per-
formed in different ways. Often, dissections of the keel
bones are used to validate palpations during training
(Buijs et al., 2018); Wilkins et al., 2004; Petrik et al.,
2013) or CT scans with the construction of 3D mod-
els (Chargo et al., 2018) are used for training. In Buijs
et al. (2018) one pre-trained assessor had compared his
scoring to later dissected keel bones and the other pre-
trained assessors had been instructed by experienced
trainers. The present study describes the method of
using radiographs for training purposes. However, it

is important to note that even when looking at radio-
graphs, the fracture or deviation status might not be
clear although a radiologist experienced with keel bones
was present and helped interpreting the radiographs. In
several cases the radiologist was not certain if the im-
age showed a fracture as only one latero-lateral image
was provided, so some assessors might be more likely
to diagnose a fracture or deviation from palpation than
from the radiographic image. As a further complica-
tion of using radiographs to assess the true state, we
cannot rule out that the previous palpation result in-
fluenced the evaluation of the radiographic image and
inflated the measure of accuracy. Ultimately, indicators
for impaired welfare due to fractures such as the pain
experienced by the hen would be the relevant measure
but this is even more difficult to assess.

In conclusion, training sessions with radiographic im-
ages improved inter-observer repeatability and accu-
racy and should be performed regularly before and dur-
ing research projects involving palpation of keel bones.
As a consequence, the palpation results of research
groups might become more comparable.
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