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ABSTRACT Valgus-varus deformity (VVD) is one
of the leg disorders affecting health and welfare of
broiler chickens. In research, several protocols are
used to determine the prevalence and/or severity of
VVD. This study aimed to investigate effects of five
different protocols on the angulation of the tibiotar-
sal-tarsometatarsal joint. Angulation was determined
(1) in living chickens with fixation at the femorotibio-
tarsal joint; (2) in dead chickens without fixation; (3)
in dead chickens with fixation; (4) in dissected legs,
including muscles, but without skin; (5) in dissected
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legs, without muscles, but with intact joints. Fixation
of the leg at the femorotibiotarsal joint largely
reduced the angulation of the tibiotarsal-tarsometa-
tarsal joint. When fixation was used, no differences in
angulation were found when broilers were live, dead
or legs were dissected, but when no fixation was
used, angulation was considerably higher, due to a
large lateral deviation of the leg. It can be concluded
that in intact chickens, fixation of the femorotibiotar-
sal joint is essential to determine VVD angulation in
an appropriate way.
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INTRODUCTION

Valgus-varus deformity (VVD) is one of the leg disor-
ders affecting health and welfare of broiler chickens,
which can also lead to economic losses, due to culling,
death or lower growth rate of affected chickens
(Shim et al., 2012). VVD refers to an angular deviation
of the tibiotarsal-tarsometatarsal joint, resulting in an
outward (valgus) or inward (varus) deviation of the tar-
sometatarsus (Leterrier and Nys, 1992). The deformity
is the result of a lateral or medial angulation of the shaft
of the distal tibiotarsus, with similar, but less severe
angulation in the proximal tarsometatarsus. In severe
cases, it can be paralleled with flattened distal tibiotar-
sal condyles and/or displacement of the gastrocnemius
tendon. VV angulation can occur bilaterally or unilater-
ally (Leterrier and Nys, 1992; Shim et al. 2012;
Guo et al., 2019) and valgus occurs more often than
varus in broiler chickens (Leterrier and Nys, 1992;
Shim et al., 2012; Gonz�alez-Cer�on et al., 2015;
Martins et al., 2020). Incidence of VVD varies consider-
ably among studies from 1.75% to 66.0% (Table 1).
Possible reasons for this huge variation in VVD inci-
dence among studies might be related to differences in
growth rate, body weight, genetics, housing system,
lighting schedule, age, litter quality, and diet composi-
tion (see Bradshaw et al., 2002 for review; Almeida Paz
et al., 2010; Gonz�alez-Cer�on et al., 2015; Martins et al.,
2020). However, another contributing factor that might
explain the variation in reported incidence rates is the
method used to determine VVD. Leterrier and Nys
(1992; Table 1, method 1) held living broilers at their
wings and classified VVD in 4 categories, according to
the angulation of the tibiotarsal-tarsometatarsal joint of
the limb by visual appraisal. Angulation was classified
as (1) normal (angle between tibiotarsus and tarsometa-
tarsus <10o); (2) mild (angle between 10 and 25o); (3)
intermediate (angle between 25 and 45o); and (4) severe
(angle >45o). During VVD determination, it appears
that legs were not fixated in this study. Almeida Paz
et al. (2010; Table 1, method 2) determined the angle
between the tibia and the third finger in living animals,
using a calliper ruler and a protractor. In this study, it
was not indicated how the animal was positioned or fix-
ated during the measurement nor when an angle was
classified as VVD. G€uz et al. (2019; Table 1, method 3)
determined VVD in dead broilers, using visual appraisal
in nonfixated legs and classified all deviations from
straight as VVD, whereas Van der Pol et al. (2017) did
not describe their method at all. In the latter 2 studies
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Table 1. Average incidence of varus and valgus deformities (%)
in broiler chickens at slaughter age in different studies.

Study Varus Valgus Method1

Leterrier and Nys (1992) 1−3 30−40 1
Shim et al. (2012) 3 29 1
Paz et al. (2013) 30* 2
Gonz�alez-Cer�on et al. (2015) 4 26 1
Guo et al. (2019) 1.75* 1
G€uz et al. (2019) 63−70* 3
Martins et al. (2020) 2 25 2

11 = Leterrier and Nys (1992), 2 = Almeida Paz et al. (2010),
3 = G€uz et al., 2019.

*Percentage of varus and valgus deformity taken together.
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also no method of positioning or fixating during meas-
urements was provided. These differences in fixation
and scoring of VVD makes it difficult or even impossible
to compare VVD incidence among studies.

Aim of the current study was to compare different
methods of measuring VV angulation in the same
Figure 1. Determination of valgus-varus angulation with 5 different me
broiler, without femorotibiotarsal joint joint fixated; C = Dead broiler, wit
intact muscles and joints, with the femorotibiotarsal joint fixated; E = Disse
orotibiotarsal joint fixated.
chickens. Our hypothesis was that depending on the
method of fixation, the angulation of the tibiotarsal −
tarsometatarsal joint varies and consequently the con-
clusion whether or not VVD is diagnosed might change.
MATERIALS AND METHODS

In six male Ross 308 broiler chickens, reared under
commercial conditions, at 38 d of age, VV angulation of
the tibiotarsal-tarsometatarsal joint of both legs was
determined with 5 different methods.

1. Living broiler, with the femorotibiotarsal joint fix-
ated (Figure 1A).

2. Dead broiler, without the femorotibiotarsal joint fix-
ated (Figure 1B).

3. Dead broiler, with the femorotibiotarsal joint fixated
(Figure 1C).

4. Dissected legs, skin removed, but intact muscles and
joints, with the femorotibiotarsal joint fixated
(Figure 1D).
thods. A = Alive broiler, with femorotibiotarsal joint fixated; B = Dead
h femorotibiotarsal joint fixated; D = Dissected legs, skin removed, but
cted legs, skin and musculature removed, but intact joints, with the fem-
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5. Dissected legs, skin and musculature removed, but
intact joints, with the femorotibiotarsal joint fixated
(Figure 1E).

The experimental protocol was approved by the Ani-
mal Use and Care committee of Wageningen University
and Research. Chickens were obtained during regular
postmortem control at the Veterinary Centre Someren
(Someren, the Netherlands). Chickens were killed by a
percussive blow on the head, according to EU directive
2010/63. In all 5 methods, angulation of the tibiotarsal-
tarsometatarsal joint was determined three times per
chicken per method, using a digital goniometer. One end
of the goniometer was placed parallel along the tibiotar-
sus (from the middle of the femorotibiotarsal joint to the
middle of the tibiotarsal-tarsometatarsal joint), whereas
the other end of the goniometer was placed parallel
along the middle of the tarsometatarsus (followed by the
middle of the middle toe) (see Figure 1). All measure-
ments were done by one single person and averaged per
method used. In method 1, 3, 4 and 5, the legs were fix-
ated by the same second person. This second person held
and fixated both legs at the femorotibialtarsal (knee)
joint, meaning that the legs were stretched as much as
possible (see Figure 2).

VVD angulation was analysed with SAS (Version 9.4,
2013, SAS Institute Inc., Cary, North Carolina, US).
Data was checked on normality of both means and resid-
uals. Because VVD angulation was not normally distrib-
uted, a log transformation was performed before
analysis.

VVD angulation was analysed with a MIXED proce-
dure, using the model:

Y ¼ mþmethodþ legþ interactionþ e;
Figure 2. Fixation of the legs at the femorotibiotarsal (knee) joint.
Where Y = VVD angulation, m = overall mean,
method = method of measuring (1−5), leg = leg (left,
right), interaction = interaction between method and
leg, e = residual error. Body weight was used as a covari-
ate. Preliminary analysis did not show an interaction
effect between method and leg and consequently this
interaction was removed from the model. Chicken was
used as the repeated subject and a compound symmetry
covariance structure was applied.
Multiple comparisons were performed after correction

for Bonferroni. Effects were considered to be significant
at P ≤ 0.05.
RESULTS

VV angulation was affected by method used, were the
measurements on dead chickens without fixation of the
femorotibiotarsal joint showed higher angulations than
the other 4 methods (32.1 vs. 9.6o on average; P <
0.001). No differences between left and right leg were
observed (15.3 vs. 12.6° for left and right legs, respec-
tively). In Table 2, data of the individual chickens per
method is shown.
DISCUSSION

Aim of the current study was to investigate effects of
different methods to measure VV angulation between
the tibiotarsus and the tarsometatarsus of broiler chick-
ens. Results clearly showed that in intact dead chickens
without fixation at the femorotibiotarsal joint, the legs
showed a large lateral deviation, resulting in an increased
angle between the tibiotarsus and tarsometatarsus. At
the moment that the leg was fixated at the femorotibio-
tarsal joint, the angle between the tibiotarsus and tarso-
metatarsus became much smaller and was strongly
comparable with the angle in dissected legs with or with-
out muscles (method 4 and 5). That a lack of fixation at
the “knee” joint results in high levels of VV angulation is
indeed demonstrated by G€uz et al. (2019), showing that
up to 70% of the chickens showed deviation from
straight. Unfortunately, in studies using the method of
Leterrier and Nys (1992) and Almeida Paz et al. (2010),
it is not indicated whether or not fixation of the leg
before VV angulation determination (visual or measur-
ing) was used, meaning that comparisons can only be
made within a study and hardly between studies.
It can be assumed that angulation of the dissected leg

without muscles best represents the presence of VV
angulation or not. In that case, only one out of six chick-
ens (chicken 5) used in this study can be considered as
having a mild VVD (above 10o deviation), based on the
classification of Leterrier and Nys (1992). However, it
can be questioned whether or not their classification is
valid for VVD in case legs are fixated during measuring
the angle between the tibiotarsus and tarsometatarsus
as done in the current study. This needs to be investi-
gated with a higher number of chickens.



Table 2. Individual measurements of the angulation (in degrees) of the tibiotarsal-tarsometatarsal joint, using 5 different methods
(means § SE).

Method1

Chicken Alive, fixed Dead, non-fixed Dead, fixed Legs with muscles Legs without muscles BW, kg

1 5.0 22.0 6.0 2.0 4.0 2.55
2 6.5 29.0 8.0 9.0 9.0 3.10
3 7.5 36.5 8.5 11.5 8.0 2.56
4 13.0 35.5 12.5 13.0 9.5 3.03
5 21.5 45.5 17.5 18.0 14.0 2.41
6 6.0 19.0 4.0 4.5 4.5 2.07
Means 9.9 § 1.9b 32.1 § 3.6a 9.7 § 1.7b 10.4 § 2.1b 8.2 § 1.6b 2.62 § 0.16

1Methods were: Alive, fixed = Alive broiler, with the femorotibiotarsal joint fixated; dead, non-fixed = Dead broiler, without the femorotibiotarsal joint
fixated; Dead, fixed = Dead broiler, with the femorotibiotarsal joint fixated; Legs with muscles = Dissected legs, skin removed, but intact muscles and
joints, with the femorotibiotarsal joint fixated; Legs without muscles = Dissected legs, skin and musculature removed, but intact joints, with the femoroti-
biotarsal joint fixated.

a,bMeans within a line lacking a common superscript differ (P < 0.001).
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In the current study, no difference in VV angulation
was found between the left and right leg, which is in
accordance with Cruickshank and Sim (1986),
Shim et al. (2012), Almeida Paz et al. (2013) and
Guo et al. (2019). However, in another treatment group,
Almeida Paz et al. (2013) showed higher VVD incidence
in left legs than in right legs and Duff and Thorp (1985)
and Riddell and Springer (1985) found higher incidence
in right legs than in the left legs. These ambiguous results
again suggest that objective measuring of VV angulation,
using a fixed protocol is important to compare studies.

It can be concluded that the method used to deter-
mine VV angulation can affect the results obtained. Fix-
ation of broiler legs at the femorotibiotarsal joint before
determining the tibiotarsus − tarsometatarsal angula-
tion seems to be important for correct measurement of
the angle. It is suggested that fixated legs in combination
with the measurement of the tibiotarsus − tarsometatar-
sal angulation is the most appropriate way to assess
VVD in broiler chickens.
DISCLOSURES

I hereby declare, on behalf of all authors, that we do
not have any conflict of interest in relation to the study
described in the manuscript “Comparing methods to
assess Valgus-Varus deformity in broiler chickens.” The
study described in this manuscript is executed according
to the code of conduct of Wageningen University.
REFERENCES

Almeida Paz, I. C. L., R. G. Garcia, R. Bernardi, I. A. N€a€as,
F. R. Freitas, L. O. Seno, V. M. O. S. Ferreira, D. F. Pereira, and
F. Cavichiolo. 2010. Selecting appropriate bedding to reduce loco-
motion problems in broilers. Braz. J. Poult. Sci. 12:189–195.
Almeida Paz, I. C. L., R. G. Garcia, R. Bernardi, L. de Oliveira Seno,
I. de Alencar N€a€as, and F. R. Caldara. 2013. Locomotor problems
in broilers on new and re-used litter. Ital. J. Anim. Sci. 12:e45.

Bradshaw, R. H., R. D. Kirkden, and D. M. Broom. 2002. A review of
the aetiology and pathology of leg weakness in broilers in relation
to welfare. Avian Poult Biol. Rev. 3:45–103.

Cruickshank, J. J., and J. S. Sim. 1986. Morphometric and radio-
graphic characteristics of tibial bone of broiler chickens with
twisted leg disorder. Av. Dis. 30:699–1708.

Duff, S. R. I., and B. H. Thorp. 1985. Abnormal angulation/torsion of
the pelvic appendicular skeleton in broiler fowl: morphological and
radiological findings. Res. Vet. Sci. 39:313–319.

Gonz�alez-Cer�on, F., R. Rekaya, N. B. Anthony, and
S. E. Aggrey. 2015. Genetic analysis of leg problems and growth in
a random mating broiler population. Poult. Sci. 94:162–168.

Guo, Y. P., H. H. Tang, X. N. Wang, W. T. Li, Y. B. Wang,
F. B. Yan, X. T. Kang, Z. J. Li, and R. L. Han. 2019. Clinical
assessment of growth performance, bone morphometry, bone qual-
ity, and serum indicators in broilers affected by valgus-varus defor-
mity. Poult. Sci. 98:4433–4440.

G€uz, B. C., R. Molenaar, I. C. de Jong, B. Kemp, H. van den Brand,
and M. M. van Krimpen. 2019. Effects of dietary organic minerals,
fish oil, and hydrolyzed collagen on growth performance and tibia
characteristics of broiler chickens. Poult. Sci. 98:6552–6563.

Leterrier, C., and Y. Nys. 1992. Clinical and anatomical differences in
varus and valgus deformities of chick limbs suggest different aetio-
pathogenesis. Av. Pathol. 21:429–442.

Martins, J. M. S., L. D. dos Santos Neto, R. A. Noleto-Mendonça,
G. B. de Carvalho, S. Sgavioli, F. Barros de Carvalho,
N. S. M. Leandro, and M. B. Caf�e. 2020. Dietary supplementation
with glycosaminoglycans reduces locomotor problems in broiler
chickens. Poult. Sci. 99:6974–6982.

Riddell, C., and R. Springer. 1985. An epizootiological study of acute
death syndrome and leg weakness in broiler chickens in western
Canada. Av. Dis. 29:90–102.

Shim, M. Y., A. B. Karnuah, N. B. Anthony, G. M. Pesti, and
S. E. Aggrey. 2012. The effects of broiler chicken growth rate
on valgus, varus, and tibial dyschondroplasia. Poult. Sci.
91:62–65.

Van der Pol, C. W., I. A. M. van Roovert-Reijrink, G. Aalbers,
B. Kemp, and H. van den Brand. 2017. Incubation lighting
schedules and their interaction with matched or mismatched
post hatch lighting schedules: Effects on broiler bone develop-
ment and leg health at slaughter age. Res. Vet. Sci. 114:416–
422.

http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00201-2/sbref0013

	Research Note: Comparing methods to assess Valgus-Varus deformity in broiler chickens
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	DISCLOSURES
	References


