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   Introduction
Spondylolisthesis, also called as kinky back, was reported

for the first time in broiler chickens in Great Britain, although
it was probably observed earlier [8]. Thereafter, it was described
in Australia by Kelly [5], in Canada by Riddell and Howell
[10] and in Germany by Bergmann [2]. The disease is probably
seen all over the world. A genetic predisposition towards
spondylolisthesis was assumed to exist [8, 10, 13]. This as-
sumption and the observations that some affected birds satis-
factorily recovered from posterior paralysis have led to the
breeding hybrid broiler chickens characterized by a high pre-
valence of spondylolisthesis, used in ulterior studies [9]. The
consequent research led to the hypothesis that the spread of
clinical spondylolisthesis could be dependent on the genotype
[8, 13]. The occurrence of the disease in chickens from different
hatches, bred under widely different conditions and fed with
different feed presumes but does not confirm that genotype
could be more important than the environment and feeding in

the development of the defect under commercial conditions
in western Canada [9].

Wise [13] demonstrated that the development of subclinical
spondylolisthesis could be reduced by feeding with a diet si-
gnificantly diluted with fibre during the first week of life.
Such feed markedly reduces growth in experimental birds, and
it is rather unlikely to be used in commercial conditions. An
attempt was made to explain the lack of clinical spondylolis-
thesis at the first hatch of the first generation by reduced
growth rates [9]. A number of studies examined the impor-
tance of nutrition in the occurrence of the condition, causing
losses in commercial flocks in regions where rations are typi-
cally based on wheat [2, 5, 8, 10, 12].

The disease occurrence is typically dependent for the broiler
type of chickens. In some flocks the percentage of affected
birds can reach 2% [3]. Wise [13] presented evidence that sub-
clinical spondylolisthesis is a developmental abnormality that
occurred during the first weeks of life. According to the same
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RÉSUMÉ

Etude anatomopathologique de la spondylolisthose clinique (kinky
back) chez différents hybrides de poulets de chair 

L’objectif de cette étude a été d’évaluer l’incidence de la spondylolisthose au
sein de 3 lignées de poulets de chair (Cobb 500, Ross 308 et Pureline) issues
du même centre d’engraissement. Les poulets présentant des signes cliniques
typiques de spondylolisthose (paralysie postérieure) dans chaque lot de 17000
oiseaux ont été isolés jusqu’au jour d’abattage du lot correspondant. Les âges
moyens d’apparition des signes cliniques ont été de 26,6 jours pour les Ross
308, 28,2 jours pour les Cobb 500 et 27,5 jours pour les Pureline. Sur l’en-
semble des 3 lignées, la prévalence des paralysies postérieures a été de 0,17 %
(571 oiseaux affectés), et elle a été plus élevée chez les Cobb 500 (0,24 %)
que chez les Ross 308 (0,14 %) ou les Pureline (0,13 %). Aucune corrélation
significative n’a été mise en évidence entre la fréquence de la spondylolis-
those et l’âge des reproducteurs ou le premier jour d’apparition des symp-
tômes. Les examens conventionnels anatomiques et histologiques des
échantillons de moelle épinière recueillis (10 par lot) ont révélé des lésions
de spondylolisthose  (dislocation de T4 (4ème vertèbre thoracique)) dans 57,8 %
des échantillons, plus particulièrement chez les Cobb 500 (66,7 %) ainsi que
des lésions de spondylose (lésions dégénératives de T4 et de T5) dans 33,9 %
des échantillons. Ces résultats suggèrent qu’en dépit d’un travail de sélection
important visant à réduire la période de finition, l’apparition de la spondylo-
listhose est indépendante de l’âge des poulets. 
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author, the peak of prevalence is around 3 to 6 weeks of age,
while according to others, the peak of clinical spondylolisthesis
occurs at 2 to 4 weeks of age [9]. The aim of the current pa-
thomorphological study was to find out the prevalence of
spondylolisthesis in different commercial broiler chickens hy-
brids.

Material and Methods
COMPARATIVE CLINICAL STUDIES

The comparative clinical morphological studies on the pre-
valence of spondylolisthesis and its association with disease
were performed on three hybrids at a poultry farm for com-
mercial broiler chicken fattening. Its annual production cycle
was 15,000,000 birds. The farm fattened simultaneously broilers
of the Ross 308, Cobb 500, and Pureline hybrids. The duration
of the research period was one fattening cycle (38–39 days in
average) simultaneously for all hybrids during the spring-summer
season. The overall mortality rates in the flocks were 5.43%
in Ross 308; 4.96% in Cobb 500, and 6.13% in Pureline, res-
pectively. Flocks were not treated with chemotherapeutics during
the fattening period. The observations included a total of 20
broiler flocks (Ross 308: 9 flocks, Cobb 500: 6 flocks and Pu-
reline: 5 flocks). Each flock consisted of 17,000 chickens
given to a total of 340,000 broilers.

All chickens were simultaneously hatched at the same hat-
chery and then placed at 1 day of age at equal density in pre-
mises with the same technological equipment in the same
farm fattening centre. The body weights of 1-day-old chickens
varied between 42 and 46 g in Ross 308, between 38 and 42 g
in Pureline, while Cobb 500 chickens weighed 42 g. During
the entire period, birds have received the same feed, depending
on the stage of fattening. The same programme of immuno-
prophylaxis was used for the broilers and the respective breeder
flocks.

Chickens that exhibited signs of spondylolisthesis (posterior
paralysis) in each flock were registered, marked, and separated
in an isolator where they were kept with constant access to
food and water until the respective flock was slaughtered. The
sex of the examined chickens with clinical signs of spondy-
lolisthesis was not taken into consideration.

GROSS ANATOMY STUDY

Samples from vertebral columns were randomly collected
at the slaughterhouse from 10 carcasses of the isolated
chickens which had exhibited posterior paralysis from each
flock. The number of Ross 308 samples from flocks 4 and 7
was completed to 10 with randomly selected clinically healthy
chickens. The entire vertebral column, following separation
of the associated bones (shoulders, ribs and pelvic bones) and
muscles, was fixed in 10% neutral formalin for 48-72 hours.
Afterwards, it was demineralised in 6% nitric acid for 72
hours. The spinal canal was exposed through a longitudinal
incision along the entire vertebral column.

HISTOPATHOLOGICAL STUDY

Samples from areas with evident macroscopic lesions at the
border with intact part of the vertebral column and the spinal
cord were collected for histopathological study. The already
fixed and demineralised tissues were processed using conven-
tional histological techniques and embedded in paraffin. The
derived cuts (5 µm) were stained with haematoxylin and
eosin.

STATISTICAL ANALYSIS

Differences in the incidence of pathology among the three
hybrids were evaluated by the chi-square test at a level of si-
gnificance P < 0.05.

Results
The earliest age of posterior paralysis occurrence in broiler

chickens according to the breed and to the flock as well as the
disease prevalences were reported in Table I. Signs of posterior
paralysis were observed on 18 of the 20 examined flocks re-
presenting a total of 571 (0.17%) chickens of the three hy-
brids. A significantly higher prevalence of posterior paralysis
was observed in Cobb 500 broilers (244 affected chickens out
of 102000, i.e. 0.24%) than in Ross 308 (220 affected
chickens out of 153000, i.e. 0.14%) or in Pureline (107 affected
chickens out of 85000, i.e. 0.13%) (P < 0.05). According to
the flocks, the disease rates ranged from 0.08% (13 cases) to
0.45% (77 cases) in Cobb 500 broiler chickens, from 0.00%
(in the flock n°5) to 0.40% (68 cases) in Ross 308 chickens
and from 0.00% (in the flock n°3) to 0.30% (51 cases) in Pu-
reline chickens. The development of clinical signs appeared
slightly earlier in Ross 308 (26.6 days in average) than in Pu-
reline (27.5 days) or in Cobb 500 (28.2 days). However, ac-
cording to the flock, posterior paralysis was detected between
21 and 30 days of age, between 22 and 33 days and between
26 and 30 days in Ross 308, Pureline and Cobb 500, respec-
tively. The mean breeder ages were 52.5 weeks for Ross 308,
34 weeks for Cobb 500 and 42 weeks for Pureline chickens.
However, no significant correlations were evidenced between
the breeder ages and the posterior paralysis prevalence or with
the earliest day of disease detection.

Clinically, most affected birds were found sitting on their
metatarsal bones with the legs stretched forward (figure 1),
and some were in lateral recumbency. When trying to move,
some birds used their wings for support, in which cases they
sometimes fell backwards (figure 2). Common clinical signs
were ataxia and sitting on the metatarsal joints with legs stretched
forward (sitting dog posture). Despite the occurrence of various
extents of posterior paralysis, the chickens were in good ge-
neral health until sent for slaughtering.

Gross anatomical studies were carried out after longitudinal
median incisions of the previously demineralised vertebral co-
lumns, collected among randomly selected chicken carcasses,
which allowed for the opening of the spinal canal and the vi-
sualization of the spinal cord. The discovered macroscopic le-
sions are presented in Table II. Among the 180 samples
examined (10 affected chickens by flocks in which diseased
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chickens were detected), macroscopic lesions of spondylolis-
thesis were found in 104 (57.8%) cases, more often in the
Cobb 500 strain (66.7%) than in Ross 308 (53.8%) and Pure-
line (52.5%) strains. In these cases, there were varying extents
of ventral dislocation of the 4th thoracic vertebra (T4), whose
posterior end lifted the 5th thoracic vertebra (T5). Consequently

to the dislocation, kyphotic angulation of the bottom of the
spinal canal and varying degrees of spinal cord compression
in the area were observed (figure 3). Approximately in one-
third of the examined samples in all hybrids (61 cases or
33.9%) there were lesions typical for spondylosis. In some of
them, degenerative necrotic changes were macroscopically vi-

TABLE I: Earliest age of posterior paralysis detection in studied broiler hybrid flocks, age of respective breeders in the corresponding
flocks and posterior paralysis prevalence.

Age of chickens with PP (days) Age of breeders (weeks) PP prevalence (%)
Ross 308

Flock 1 21 49 21 (0.12%)
Flock 2 28 49 26 (0.15%)
Flock 3 30 49 12 (0.07%)
Flock 4 26 63 7 (0.04%)
Flock 5 - 63 0 (0.00%)
Flock 6 30 49 31 (0.18%)
Flock 7 27 49 6 (0.04%)
Flock 8 25 41 49 (0.29%)
Flock 9 26 61 68 (0.40%)
Average 26.6 52.6 24.4 (0.14%)

Cobb 500
Flock 1 28 34 45 (0.26%)
Flock 2 30 34 35 (0.21%)
Flock 3 27 34 48 (0.28%)
Flock 4 30 34 77 (0.45%)
Flock 5 28 34 26 (0.15%)  
Flock 6 26 34 13 (0.08%)
Average 28.2 34 40.7 (0.24%)

Pureline
Flock 1 27 37 14 (0.08%)
Flock 2 28 37 51 (0.30%)
Flock 3 - 35 0 (0.00%)
Flock 4 33 30 17 (0.10%)
Flock 5 22 30 25 (0.15%)
Average 27.5 33.8 21.4 (0.13%)

PP: posterior paralysis.

FIGURE 1: Typical clinical signs of spondylolisthesis where birds are found
sitting on the metatarsal joints with legs stretched forward.

FIGURE 2: Clinical signs of spondylolisthesis. When trying to move, some
birds use their wings as support.
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sible. The colour of the affected vertebral bodies (T4 and T5)
was paler and distinguishable among the adjacent unaffected
vertebrae (figure 4). In 15 (8.3%) of the examined samples
the changes were identified as scoliosis.

Histopathologically, a marked dislocation of T4 was found,
as well as distortion of the vertebra and the articular facets.
The compression of the spinal cord was particularly apparent
in the area of the white matter above the articulation of T4
and T5 (figure 5). Degenerative damages of the spinal cord
and the vertebral bodies in the birds affected by spondylolis-
thesis were not found. In the cases of spondylosis, there were
degenerative necrotic lesions in the caudal end of T4 and the
cranial end of T5, along with haemorrhages in the interverte-
bral space (figure 6). In some cases, among with the destruc-
tive changes in the vertebral bodies, there were regenerative
reparative processes occurring as fibrous tissue growth.

Discussion
The discussion was focused on cases of spondylolisthesis

observed in the present study, without considering the other
types of spinal cord lesions (spondylosis and scoliosis) disco-
vered. Dislocations of T4 were evidenced in the three studied
broiler chicken hybrids, corresponding with previous reports
using the same nomenclature [3, 4, 7] whereas other authors
pointed out that the affected vertebra was T6 [ 1, 6, 10, 11].

However, the spondylosis findings in nearly one-third of all
examined chickens were assumed to be secondary to spondy-
lolisthesis because the affected vertebrae were T4 and T5. The
dislocation of the respective thoracic vertebra (T4) was, ac-
cording to us, a prerequisite for the occurrence of degenerative
necrobiotic lesions in these vertebral bodies (T4 and T5). We
assume that this process is induced by the impaired articula-
tion of the vertebral bodies and the consequent deformation
of the vertebral column. Occurrences of spondylosis were des-
cribed in other cases of spondylolisthesis [9]. In the chickens
with clinical spondylolisthesis, there were no cases of death
due to dehydration, which had been reported by some resear-
chers [3], because the chickens were kept in isolators with
constant access to food and water. Also, there was no risk for
them to be trampled over by the healthy chickens [3].

Regarding the prevalence of spondylolisthesis among the
different examined broiler hybrids, no significant differences
were found, although the highest prevalence was found in
Cobb 500, compared to the other 2 studied hybrids (Ross 308
and Pureline). These differences could not be explained, even
though all data were the product of large-scale field studies.
Apart from that, there were no significant deviations from the
production traits for the different hybrids. Our results also did
not establish a correlation between the frequency of occur-
rence of the problem and the age of the breeder flocks of origin.

In general, the registered frequency of spondylolisthesis was
close to the lower limits established by other researchers, who

TABLE II: Gross lesions in collected vertebral column samples from hybrid broiler flocks with clinical signs of posterior paralysis (10
chickens per flock).

Lesion type Total Ross 308 Cobb 500 Pureline
(180 samples) (80 samples) (60 samples) (40 samples)

Spondylolisthesis 104 (57.8%) 43 (53.8%) 40 (66.7%) 21 (52.5%)
Spondylosis 61 (33.9%) 31 (38.8%) 16 (26.7%) 14 (35.0%)
Scoliosis 15 (8.3%) 6 (7.5%) 4 (6.7%) 5 (12.5%)

FIGURE 3: Spondylolisthesis. Ventral dislocation of T4 whose posterior end lifts
the anterior end of T5, leading to kyphotic angulation of the bottom of
the spinal canal and compression of the spinal cord in that area (arrow).

FIGURE 4: Spondylosis, vertebral column, longitudinal cross-section. The
colour of the affected vertebral bodies (T4 and T5) is paler and distin-
guishable among the adjacent unaffected vertebrae.
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noted that incidence of 1% could be considered high, and that
incidence may be up to 2% in some cases [3, 14]. A lower fre-
quency of clinical spondylolisthesis in modern broiler hybrids
is due to the shorter fattening period and the impossibility for
clinical expression of subclinical cases, which may be present
as early as the first weeks of life [13]. Our results showed a
peak occurrence of clinical spondylolisthesis in broilers at 3-4
weeks of age, as it had been stated in the first reports when
the problem was discovered [9, 12]. Therefore, despite the
major selection work during that time, primarily aiming at a
shorter fattening period, there were no differences in the age
occurrence of spondylolisthesis. Comparing the prevalence of
the problem in the hybrids used nowadays and those from the
time when the problem was first discovered, we could not find
any significant genotype dependency [8, 10, 13]. We also did
not find any difference in the occurrence of spondylolisthesis,
even though major selection work had been done during the
entire period aimed at faster growth of the hybrid broilers.
Moreover, the influence of feeding and the environment which
can contribute to the development of spondylolisthesis [2, 5,
10, 13] was not studied here because all hybrid chickens used
were kept under the same conditions.

These results suggest that there were neither variation in the
age occurrence of spondylolisthesis in commercial broiler
chicken hybrids, nor difference related to the genotype of
birds. 
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FIGURE 5: Spondylolisthesis. Marked dislocation (dl) of T4, distortion of
the vertebra (dt) and the articular facets (af), demineralised cross-sec-
tion, haematoxylin and eosin, bar: 25 µm.

FIGURE 6: Spondylosis. Degenerative necrotic lesions (DNL) affecting the
vertebral bodies of T4 and T5. Kyphotic angulation (A) of the bottom
of the spinal canal and compression (C) of the spinal cord (SC), espe-
cially in the area of the white matter, demineralised cross-section, hae-
matoxylin and eosin, bar: 40 µm.


