BOLETIN CIENTIFICO

bol.cient.mus.hist.nat. 24 (1), enero-junio, 2020. 76-85. ISSN: 0123-3068 (Impreso) ISSN: 2462-8190 (En linea) CENTRO DE MUSEOS
MUSEO DE HISTORIA NATURAL

Methodology for the quantification of tibial dyschondroplasia
in Gallus gallus domesticus (Aves: Phasianidae)*

Adriana Quiroz-Bucheli', Diego Samir Melo-Solarte’, William Narvdez-Solarte®
Abstract

Objective: To compare the efficacy of the score technique of the tibial dyschondroplasia lesions with
a quantification technique in broiler chickens, in search of a better objectivity and reliability of the
diagnosis. Materials and methods: 384 male one-day-old chickens were raised until day 36. A total of 192
chickens were sampled, 96 at day 21 and 96 at day 36; the tibial dyschondroplasia disorder was evaluated
by comparing two techniques: 1. Qualitative evaluation of the score of tibial dyschondroplasia and, 2.
Quantitative measurement of the percentage of area with tibial dyschondroplasia as an alternative test.
Results: the Score test of TD lesions had a sensitivity of 83% and 100% with a specificity of 55% and
54% for day 21 and day 36 respectively, and a positive predictive value of 60% for day 21 and of 66%
for day 36, while the negative predictive value was 80% and 100% for days 21 and 36. Conclusions:
The evaluated alternative test proved to be an effective and efficient method of quantification of tibial
dyschondroplasia in broiler chickens, offering more objectivity than the traditional macroscopic test.
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Metodologia para la cuantificacién de discondroplasia tibial
en Gallus gallus domesticus (Aves: Phasianidae)

Resumen

Objetivo: Comparar la eficacia de la técnica de score de las lesiones de discondroplasia tibial con una
técnica de cuantificacién en pollos de engorde, en bisqueda de una mejor objetividad y confiabilidad
del diagnéstico. Materiales y métodos: Se criaron 384 pollos machos, de un dia de edad, los cuales
fueron criados hasta el dia 36. Fue muestreado un total de 192 pollos, 96 al dia 21 y 96 al dia 36 de
edad de las aves, a las cuales se les evalué el estado de discondroplasia tibial comparando dos técnicas:
1. Evaluacién Cualitativa del Score de discondroplasia tibial y, 2. Medicién Cuantitativa del porcentaje
de drea con discondroplasia tibial como prueba alterna. Resultados: Se obtuvo que la prueba del Score
de las lesiones de DT tuvo una sensibilidad del 83% y del 100% con una especificidad del 55% y 54%
para el dia 21 y 36 de edad respectivamente; y un valor predictivo positivo para el dia 21 del 60% y
para el dia 36 del 66%, mientras que el valor predictivo negativo fue del 80% y del 100% para los dias
21y 36 de edad. Conclusiones: La prueba alterna evaluada, demostré ser un método eficaz y eficiente
de cuantificacién de discondroplasia tibial en pollos de engorde, ofreciendo mayor objetividad que la
prueba macroscépica tradicional.
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INTRODUCTION

Tibial dyschondroplasia (TD) is a disorder of endochondral ossification in fast growing
birds. This osteopathy affects the growth of the cartilage of the proximal tibiotarsus,
the proximal metatarsal, and the femoral head affecting the longitudinal growth of
the bones because of the interruption in the normal maturation of cartilage chondro-
cytes. It is produced by the inability of the pre hypertrophic chondrocytes to undergo
terminal differentiation, forming an opaque plaque characterized by the presence of
transitional cartilage, which is not reabsorbed and persists as a non-vascularized, de-
mineralized soft tissue of irregular shape and size which extends from the growth plate
to the metaphysis (Farquharson & Jefferies, 2000; Julian, 1998; Julian, 2005; Rath ez
al., 1998; Saif ez al., 2008; Tselepis ez al., 2000; Whitehead, 1995; Whitehead, 2009).

Various techniques are used to evaluate TD in broiler chickens including X-rays
during ante-mortem examination, histological examination, immunohistochemical
tests, microdensitometric analyzes, and macroscopic analysis of the lesion during the
postmortem examination (Almeida Paz ez al., 2005).

Diagnostic imaging of TD by means of a portable X-ray fluoroscope (lixiscope) is a
non-invasive method performed on live animals resulting in an image of the bone in
real time. The device uses low-intensity gamma rays and amplifies the image of the
affected bone between 45,000 and 50,000 times. With this technique, used in field
selection procedures, samples are scored differently and the disease is detected after 21
days of age. The Lixiscope often underestimates the severity of the lesion in cases of
severe TD and does not detect small lesions of the disease (Almeida Paz et a/., 2005;
Takita et al., 1998; Thorp ez al., 1993; Thorp et al., 1997).

The diagnosis of TD by histological examination is a reliable method to differentiate
this disease from others such as rickets, hypocalcemia and other growth plate abnor-
malities (Thorp, 1994; Whitehead, 1995, 2009). This test evaluates the morphology
and distribution of chondrocytes in the epiphyseal growth plate of the tibiotarsal joints,
evidencing the degenerative alterations characteristic of tibial dyschondroplasia such
as lack of calcification in chondrocytes, accumulation of avascular cartilage, absence of
urate crystals and the presence of necrotic chondrocytes (Imik ez 4/., 2012; Kapakin ez
al., 2019; Thorp et al., 1991). The measurement of proliferation or absence of cells is
performed with the evaluation of the translucent area in which the rest, proliferative,
hypertrophic or degenerative and calcification histological areas are, and which are
essential to determine tibial dyschondroplasia in broiler chickens (Imik ez a/., 2012;
Thorp, 1994). It is critical to consider that the diagnosis of TD through histologi-
cal examination only, should be made by a specialist in histopathology after having
processed the samples in a procedure that lasts approximately one week.
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Immunohistochemical and microdensitometric analyses have also been applied in
the TD study mainly to locate and quantify the expression of genes in birds with this
disease. Through molecular tests, 1,630 Differentially Expressed Genes have been
identified in animals with tibial dyschondroplasia (Tian ez a/., 2013; Zhang ez al.,
2019) and deficiency of the expression of the following factors, during this disorder,
have been identified: transforming growth factor ot and 8 (TGF-a, TGE-p); type X
collagen; c-Myc protein, insulin-like growth factor-I (IGF-I); basic fibroblast growth
factor; vascular endothelial growth factor (VEGF); proteoglycans and precursors of
prostaglandins and glycosaminoglycans, as well as the decrease in the concentration
of the core cartilage-specific proteoglycan or aggrecan (Farquharson ez al., 1992;
Mehmood ezal., 2018; Saif ez al., 2008; Thorp ez al., 1993; Tselepis ez al., 2000; Zhang
et al., 2013; Zhang et al., 2018). Although the diagnosis with the use of molecular
techniques for the identification and analysis of biological markers in pathological
processes is efficient, when the classical methods are not effective, its use frequently
raises the price of the diagnosis costs and specialized personnel is required for its
execution and interpretation.

The macroscopic analysis is based on the observation and score of TD lesions present
in the proximal tibial epiphysis where unilateral or bilateral thickening of the epiphy-
seal plate and the formation of an abnormal opaque mass of cartilage are observed
(Almeida Paz ez al., 2005; Imik ez al., 2012; Kapakin ez al., 2019; Thorp ez al., 1991).
Edwards & Veltmann (1983) on a scale, where the degree of TD is judged with a
score between zero and three; zero means a normal cartilage and three means a large
mass of hypertrophied cartilage, has been traditionally used. Based on the degree of
thickening of the physis (Rath ez al., 2004, 2007; Thorp et al., 1991, 1993, 1997)
some modifications have been made to this scale used to calculate index and the in-
cidence of TD. Despite its frequent use in the diagnosis of TD, macroscopic analysis
is a highly subjective technique with variable results and low reliability because it is
subject to the interpretation and expertise of the evaluator.

As objectivity is an essential element in diagnostic tests, even better if it is accompa-
nied by low costs, quickness and easy execution, this research proposes a macroscopic
analysis with a Quantitative Area Measurement Test including its respective scale for
the diagnosis of TD in commercial lines of Gallus domesticus.

MATERIALS AND METHODS

All procedures performed in this experiment were endorsed by the Ethics Committee
for Animal Experimentation at Universidad de Caldas, through Act No. 1 of 2014.
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The animals were not subjected to processes that caused unnecessary pain or stress.
The animals were immobilized considering the technical norms of handling and sub-
jection of the animals, framed in Law 84 of October 27, 1989 (Colombian Statute
of Protection of the Animals) (Mrad A., 2006).

The experiment was carried out in the Laboratory of Nutrition and Poultry Health of
the Faculty of Agricultural Sciences at Universidad de Caldas, Manizales, Colombia,
with the endorsement of the University Ethics Committee for Experimentation with
Animals to carry out all the procedures.

A total of 384 one-day-old Ross x Ross male broilers with an average initial weight of
43.9 + 1.2 g were reared distributed in forty-eight 0.36 m* vertical cages, equipped
with a nipple type fountain and a trough. The animals received balanced feed of corn
and soybean cake according to recommendations of NRC (1994) and Rostagno ez al.,
(2011), plus a marginal dose of vitamin D (34.5 pg of 25-hydroxycholecalciferol/kg
of food) to induce tibial dyschondroplasia. The lighting program with an intensity of
20 lumens/m?* was 24-hour light day, the internal humidity of the sheds remained at
57.5 +2.5%, and ventilation and temperature were regulated by an automatic control
system according to the age of the birds.

Two random samples of 96 fowls each were taken (Figures 1, 2, 3, and 4). The first
sample was taken at day 21 and the second at day 36 of chicken age for the clinical
diagnosis of TD and to compare the two forms of measurement: Qualitative Score
test (QST) and Quantitative Area Measurement (QAM) test. The birds were dazed
by CO, exposure and slaughtered. The right tibia was taken from each bird and a
diagonal cut was made on the medial face of the head to expose the growth of the
cartilage and to diagnose tibial dyschondroplasia by means of the TD qualitative
scale with the participation of seven expert evaluators using the Edwards & Veltmann
scale (1983). Then a photograph of the same samples was taken with a digital camera
(Samsung DV150E 16.2 MP and 5x optical zoom), mounted on a tripod at 20 cm.
Subsequently, the areas were measured using the ArcGIS® program (version 9.3). The
photograph of each sample was inserted in the ArcMap program, regardless of the
measurement scale, and a total area between the epiphyseal articular cartilage area and
the translucent area was delimited (Figures 1, 2, 3, and 4) corresponding to the 100%
and, from this, the translucent area representing the tibial dyschondroplasia lesion
was measured and its percentage score was given based on the tibial dyschondroplasia
quantification scale, according to the QAM test (Table 1). Area measurement can also
be done with software such as CorelDRAW, Publisher, AutoCAD and Solidworks.



bol.cient.mus.hist.nat. 24 (1) enero - junio 2020. 76-85

80

Figure 1.
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5

36 day old broilers and their diagonal cut on the medial face of the head of the
right tibia. Normal degree: Inferior to 27% of translucent area space

Figure 2.

36 day old broilers and their diagonal cut on the medial face of the head of the
right tibia. Low degree: Between 27 and 37% of translucent area space
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Figure 3. 36 day old broilers and their diagonal cut on the medial face of the head of the

Figure 4. 36 day old broilers and their diagonal cut on the medial face of the head of the
right tibia. High degree: Superior to 47% of translucent area space.
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Table 1. Tibial dyschondroplasia quantification Scale according to the Area Measurement System in broiler

chicken.
Methodology Degree of Tibial Dyschondroplasia
Th ¢ stud Normal Low Medium High
¢ present study <27% 27-37% 38— 47 % > 47 %

Given that the test is purely qualitative, sensitivity, specificity, positive predictive
value, and negative predictive value were calculated (Table 2) taking the QAM test as
the reference test. In addition to that, the Spearman correlation test was applied to
determine possible correlations between the two tests used in the experiment.

To compare the results, only the diagnoses evaluated with score zero and one with the
QST, which corresponded to those less than 27% or negative, and those between 27
and 37% considered as positive by the QAM test, were selected respectively. To reduce
the error of subjectivity in the QST, and after the reading by seven experts of the
same sample, the evaluation with the highest statistical mode was taken as reference.

RESULTS AND DISCUSSION

Tables 2 and 3 present the contingency tables of the diagnostic values of TD in
broiler chickens of 21 and 36 days of age respectively, contrasting the QST versus
the QAM test. In the 21-day-old chickens the QST had a sensitivity of 83%, while
at 36 days of age the sensitivity was 100% meaning that, in older broilers, the
macroscopic identification of TD becomes easier, possibly due to the increase in the
size of the bone.

Table 2.  Comparative table for diagnosis of tibial dyschondroplasia in broiler chickens at 21 days of age using
Qualitative Score test and Quantitative Area Measurement test as a percentage

Quantitative Area Measurement Test in %

Positive Negative Total
Positive 40 18 58
%lclzlr:; tive Test Negative 8 22 30

Total 48 40 88
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Table 3. Comparative table for diagnosis of tibial dyschondroplasia in broilers at 36
days of age using the Qualitative Score test and the Quantitative Area
Measurement test in percentage.

Quantitative Area Measurement Test in %

Positive Negative Total
Positive 12 22 34
(ngslriet)a tive Test Negative 0 26 26
Total 12 48 60

The QST had a specificity of 55% in chickens of 21 days of age, while at 36 days it
was 54%. When determining the positive predictive value (PPV) of this test in 21-day-
old chickens in the region studied, out of every 100 positive results, 60 chickens were
positive and the remaining 40 were false positives. Meanwhile, when calculating the
negative predictive value (NPV) with the QST, in 21-day-old chickens 80% of the
negative cases did not actually have TD while the remaining 20% were false negatives.
At day 36, 100% of the cases diagnosed as negative were indeed negative.

The results of the Spearman correlation test show that in 21-day-old chickens there
is a significant positive correlation between the PCS and the MCA test with a rho of
0.40 (p <0.01) and in 36-day-old chickens with a correlation of 0.43 (p <0.01). This

shows a low correlation for these techniques.

When comparing the two macroscopic diagnostic tests of TD in broiler chickens with
or without the disease in degrees zero and one, the subjectivity of the QST test is
already reflected. When it comes to classifying the evolution of the disease in degrees
from zero to three, the discrepancy in the diagnostic results between the evaluators
may be different since it depends only on the expert's judgment and criterion without
a continuous quantitative reference of measure.

CONCLUSIONS

The Qualitative Score test for TD detection in 21-day old broiler chickens with diag-
nostic degrees between zero and one proved to be ineffective; there was a sensitivity
of 83% and specificity of 55% when compared with the Area Quantitative Measure-
ment test. Meanwhile, in 36-day-old broilers the same test showed a sensitivity of
100% and a specificity of 54%, verifying that the Quantitative Area Measurement
test for tibial dyschondroplasia is an alternative quantification system for tibial dys-
chondroplasia in broiler chickens, which provides greater accuracy and objectivity
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against the conventional macroscopic diagnostic test. Similarly, the proposed method
will allow research about new approaches of an etiology, pathogenesis and treatment
of this disease.
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