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Simple Summary

This study aimed to examine the prevalence of bacterial chondronecrosis with osteomyelitis
(BCO)-associated lesions in commercial broiler flocks in Indonesia, with age serving as a
critical determinant of broiler growth rate. The results demonstrated that BCO-associated
lesions in broilers exhibited a clear age-related pattern with a peak incidence during the
late stages of grow-out. The BCO-associated lesions observed in this study indicate a high
prevalence of BCO lameness in tropical production systems due to compounded stress, heat,
and microbial load, highlighting the need for improved housing, ventilation, biosecurity,
and preventive measures, such as feed supplementation.

Abstract

In tropical countries, broiler chickens are exposed to elevated ambient temperatures and
humidity, which are sometimes exacerbated by high stocking densities and poor litter
quality, thereby predisposing birds to severe stress, weakening immune function, and
promoting BCO lameness progression. BCO lameness causes tremendous economic losses
to the poultry industry and increases the risk of foodborne disease. BCO is frequently
underdiagnosed in live populations, resulting in an iceberg phenomenon in which sub-
clinical lesions are more prevalent than clinically apparent lameness. Therefore, a total of
500 Cobb500 broiler chickens from five commercial broiler flocks in Central Java, Indonesia,
were randomly selected, weighed, slaughtered, and necropsied to evaluate the prevalence
of BCO lameness lesions in the proximal femoral and tibial heads across distinct market
ages ranging from 33 to 43 days. The ambient housing temperature in the region can
reach 28-29 °C during the day. The results showed that more than 80% of the samples
had normal femora at 33 days of age with an average body weight of 1.9 kg. A significant
increase in the frequency and severity of femoral and tibial lesions was recorded at 35 to
36 days of age, when the average body weight reached approximately 2.5 kg. The high
frequency of worsening BCO lesions observed during the 5th week suggests an age-related
pattern in BCO occurrence during the late stages of grow-out. These findings suggest that
improvements in nutrition, environment, and production management strategies before
36 days of age are necessary to mitigate the impact of BCO lameness in the poultry industry.
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1. Introduction

Consumption of poultry meat has increased dramatically and is expected to rise to
200 million tons by 2050 [1]. The demand for chicken meat in Indonesia is anticipated
to continue growing. In 2025, the national production volume was 4 million tons [2], to
which the province of Central Java contributed 787 thousand tons [2]. In the past seven
decades, chickens have undergone intense selective breeding, resulting in fast-growing
strains [3,4]. Despite their high feed efficiency, fast-growing chickens may fail to achieve
proper functional maturation of organs, such as in the cardio-pulmonary system and skele-
tal bones, leading to metabolic disorders and locomotion abnormalities [5-12]. In particular,
fast-growing broilers are vulnerable to bacterial chondronecrosis with osteomyelitis (BCO)
lameness, a skeletal disease owing to rapid mass accretion that is incommensurate with
skeletal growth [13,14]. Excessive body weight imposes torque and shear stress on struc-
tural bones, particularly on the proximal femora, proximal tibiae, and flexible thoracic
vertebrae [14,15]. The ensuing physiological stress further weakens the epithelial barriers
in the intestinal and respiratory tracts, thereby inducing leaky gut symptoms and severe
bacteremia. Ultimately, pathogens in the bloodstream reach and colonize the growth plate
of the long bones, causing severe osteomyelitis and bone necrosis [16-18]. BCO is a leading
communicable disease causing lameness in broilers [14,19].

Elevated ambient temperature, high bird density, poor litter quality, and poor hy-
giene practices aggravate the risk of skeletal abnormalities in commercial broiler popu-
lations [19,20]. A previous study reported a higher lameness rate under high stocking
densities [21]. Furthermore, chickens experiencing long-term heat stress (HS) have low lev-
els of thyroid hormones, which decreases their metabolic rate and heat production [22,23].
HS induces immunosuppressive effects by raising the heterophil-to-lymphocyte ratio and
promotes neuroendocrine responses by activating the hypothalamic—pituitary gland to re-
lease corticosterone [24-26]. Corticosterone acts as a stress countermeasure, compromising
energy metabolism for developmental and reproductive processes and ultimately reduc-
ing feed efficiency and growth performance [26-29]. HS also induces elevated oxidative
stress and inflammatory responses. Oxidative stress occurs when reactive oxygen species
(ROS) exceed antioxidant defenses (e.g., glutathione peroxidase, catalase, and superoxide
dismutase), causing membrane lipid peroxidation, protein and DNA denaturation, and
eventually driving cell apoptosis and tissue necrosis [30]. With regard to litter quality,
a previous study reported an increase in lameness cases among birds reared on reused,
poor-quality litter compared to those reared on new litter [31]. Lame birds experience
significant discomfort and pain, leaving them unable to walk or move to access water and
feed. In practice, culling of BCO-afflicted birds is necessary to prevent outbreaks within
flocks [14].

Postmortem examination of broilers at the 1st, 4th, and 5th weeks of age from 20 com-
mercial farms in Australia recorded a 28% BCO lesion rate [13]. In Norway, a study of
50 broiler flocks revealed 19% moderate-to-severe lameness lesions [32]. In Bulgaria, the
clinical lameness rate reached 10-15% of the total 650,000 chickens from 38 broiler flocks [33].
Despite these losses, most poultry farmers are not fully aware of the high prevalence of
clinical and subclinical lameness in broilers [14], leading to an “iceberg” phenomenon in
the poultry industry. Likewise, the lack of data on BCO occurrences in tropical countries
constitutes a significant gap in the disease landscape in these regions. This study aimed
to quantify the prevalence of age-associated BCO lesions in commercial broiler flocks in
Central Java, Indonesia, representing a first step in the elucidation of BCO pathology and
epidemiology in the region. The findings are essential to raise awareness of the risks
of subclinical BCO lameness in broilers and to identify critical time points for potential
intervention to sustain poultry production in the region.
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2. Materials and Methods
2.1. Animal Use Statement

The animal study protocol was approved by the Animal Care and Use Ethics Commis-
sion, National Research and Innovation Agency, with Decree No. 071/KE.02/5K/05/2025.

2.2. Survey Design

The survey on the prevalence of BCO-associated lesions in broilers was conducted
as a cross-sectional field survey involving five independent commercial broiler flocks in
Central Java in May 2025 (Figure 1). The five commercial farms in Krakitan, Keburuhan
1, Lembupurwo, Keburuhan 2, and Muntilan were selected based on their use of similar
breeders, comparable commercial management practices, and the availability of flocks
corresponding to the targeted market-age categories. Each flock from each farm represented
a commercial market age of 33, 35, 36, 40, and 43 days, reflecting common harvesting ages
in Indonesia for depopulation at 32-35 days of age and final harvest at 40-43 days of age.

Field Survey on Lameness in Commercial Broiler Farms in Indonesia
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Figure 1. Survey sites of BCO lameness in five broiler farms in Central Java, Indonesia. The
approximate geographical sampling region is circled in red. Dropped pins represent the sites
of the targeted commercial farms in Krakitan, Keburuhan 1, Lembupurwo, Keburuhan 2, and
Muntilan, respectively.

Although the birds originated from different farms, all farms were located within
the same geographical region and operated under comparable commercial management
systems, including the use of Cobb500 broilers, similar stocking densities, feeding programs,
and environmental conditions. The stocking density was maintained at approximately
19 kg/m? by gradual depopulation (releasing the birds to the market) from 32 days of
age to a final harvest age of 43 days. Birds had ad libitum access to feed and clean water.
Feeding followed a standard three-phase program (starter, grower, and finisher), and the
diet formulation is presented in Table 1. The breeders and diets were supplied by PT.
Charoen Pokphand Indonesia Tbk, Central Java, Indonesia. The average environmental
temperature in Central Java is 33-35 °C, while indoor growing houses can reach 28-29 °C
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during the day. There were two types of flooring used: concrete and tarp-covered bamboo
flooring with rice hulls, as shown in Figure 2. Air circulation was controlled by exhaust
fans in the back of the house, and lighting followed standard industry practices.

Table 1. Nutrient composition and ingredients of diets used by broiler farmers.

Nutrient Content S00 Pre-Starter 1-7 Days S11 Starter 8-21 Days S12G Finisher > 21 Days
Moisture (max) (%) 14.0 14.0 14.0
Crude protein (min) (%) 22.0 20.0 19.0
Crude fat (min) (%) 5.0 5.0 5.0
Crude fiber (max) (%) 4.0 5.0 6.0
Ash (max) (%) 8.0 8.0 8.0
Ca (%) 0.8-1.1 0.8-1.1 0.8-1.1

P available with phytase

0.6 0.6 0.6
enzyme (%)

Lysine (min) (%) 1.3 1.2 1.05
Methionine (min) (%) 0.5 0.45 0.4
Methlompe + cysteine 0.9 08 0.75

(min) (%)
Tryptophan (min) (%) 0.2 0.19 0.18
Threonine (min) (%) 0.8 0.75 0.65
Maize, rice bran, soybean Maize, rice bran, soybean Maize, rice bran, soybean
meal, wheat bran, meat meal, wheat bran, meat meal, wheat bran, meat
Feedstuff and bone meal, full-fat and bone meal, full-fat and bone meal, full-fat
soybean meal, and palm soybean meal, and palm soybean meal, and palm
kernel meal kernel meal kernel meal
Feed additive Vitamin, enzyme, Ca, P, Vitamin, enzyme, Ca, P, Vitamin, enzyme, Ca,
and mineral and mineral P, mineral

Note: All feed was produced by PT. Charoen Pokphand Indonesia Tbk, Central Java, Indonesia.

Farms Farm1 Farm 2 Farm 3 Farm4

i

Type of floors "

Rice hulls on Rice hulls on Rice hulls on Rice hulls on 2d floor, rice
tarp over concrete flooring concrete flooring concrete flooring hulls on tarp
bamboo over bamboo

House sizes 12x66 m 12x120m 12x120m 12x120m 8x74m

Bird density 19 kg/m? 19 kg/m? 19 kg/m? 19 kg/m? 19 kg/m?

Age of birds 40 days 43 days 33 days 36 days 35 days
Breeder strains Cobb500 Cobb500 Cobb500 Cobb500 Cobb500

Figure 2. The floor types, house sizes, bird density, age, and the breeder strains used in the sam-
pled farms.

The sample size was 0.5% for each farm, representing n = 100 birds per flock with a
total population of 20,000 birds. The overall sample was 500 birds from five farms. Birds
were randomly selected from multiple sites throughout the house without preference for
body weight, clinical lameness, or visible health status to minimize sampling bias. The
body weight of the birds was recorded, and the birds were subsequently slaughtered for
individual necropsy to diagnose BCO lesions of the proximal tibial and femoral heads.
The severity level of the lesions was scored according to the classification presented in
Figure 3 [20,34].
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Progression of Femoral BCO Lesion

[Femoral Head Femoral Head Femoral Head

. Necrosisg

Figure 3. Categorization of femoral (top) and tibial (bottom) lesion progressions. Femoral head and
proximal tibia appear entirely normal (N); proximal femoral head separation (FHS) or epiphyseolysis;
proximal femoral head transitional (FHT) degeneration; proximal femoral head necrosis (FHN);
proximal tibial head necrosis (THN); proximal tibial head necrosis severe (THNS); proximal tibial head
necrosis caseous (THNC); and tibial dyschondroplasia (TD) [35]. Arrows represent the progression of
the lesion from the normal femur and tibia to the most severe femoral lesion (FHN) and the most
severe tibial lesion (THNC), respectively (from left to the right figures). In the case of TD, the arrow
signifies abnormal cartilaginous mass in place of cancellous bone tissue.

2.3. Statistical Analyses

For analysis, the femoral and tibial lesions were quantitatively scored, as presented in
Table 2.

Table 2. Quantitative scores of the femoral and tibial lesions.

Scores 0 1 2 3 4
Femoral lesions N FHT FHS FHN -
Tibial lesion N THN THNS THNC TD

The BW and frequency of bone lesions were calculated as simple frequency statistics
using Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) and further analyzed
in JMP Student Edition 19 (SAS Institute, Cary, NC, USA). The comparison of BW between
ages was analyzed using the nonparametric Kruskal-Wallis rank sum test followed by a
post hoc Dunn’s test. Logistic regression was applied to lesion scores and BW. Statistical
significance was determined at p < 0.05.

3. Results
3.1. Broiler BW, Age, and Lesion Scores

The distribution of BW data across the age groups of the sampled Cobb500 broilers is
visualized in Figure 4.

In general, broiler BW increased with age. The average BW and lesion score com-
parisons across population age groups are detailed in Table 3. Femoral and tibial lesions
significantly increased from 35 to 36 days of age, when the birds reached an average BW of
approximately 2.5 kg.
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Figure 4. The distribution of BW across populations by age.

Table 3. Average BW (in kg) and bone-type lesion scores, including both legs, and average per bird.

Bird Age Average BW Left Tibia Left Femur Right Tibia Right Femur .A"/erage Average
(kg) * Score Score Score Score Tibia Score Femur Score
33 1904 1.09 £ 03862 047 +£0.8642 1.10+0.3022 0.18+05722 1.09+£02992 0.32 +0.5822
35 2068 113 +£04852 036 +0.7722 117 +04512 033+0.726%® 1.15+04172 0.35+0.6262
36 2448 14940759 058 +0.8552b 147 +0.611° 0.60+£0.853>c 148 +0.598° 0.59 +0.637P
40 2588 147 +£0.758  05+0.8102> 158 +0.741P  0.68+0920¢ 1530712 059 +0.7502b
43 3098 15140659  0.814+0.929P 156+0.608° 037407062 154+ 0578 0.59 +0.708 P

* Average BW provided per production house at each location, with no SD calculated/recorded. Non-connecting
superscript letters denote significant statistical differences (p < 0.05).

3.2. Lameness Lesions

The severity of lameness lesions in the legs was examined by necropsy of the femoral
head and proximal tibia. A comparison of femoral lesions across different ages is presented
in Figure 5. At 33 days of age, the cumulative prevalence of normal femoral heads (N) was
greater than 80%; thereafter, the percentage of N decreased with age. Noticeably, femoral
lesion prevalence—particularly FHS and FHT—increased from 35 to 36 days of age, then
remained relatively constant until 43 days of age (Figure 5). At 43 days of age, the average
prevalence of N, FHS, FHT, and FHN was 65%, 22.5%, 12.5%, and 0.5%.

A comparison of tibial lesions across distinct ages is presented in Figure 6. There were
no normal proximal tibiae (N) diagnosed at 33 days of age. THN lesions (92%) were the
most prevalent, followed by THNS lesions (8%). A significant increase in THNS lesions
was observed from 35 to 36 days of age and ultimately reached 46% by 43 days of age.
Several TD cases (3%) were also recorded starting at 36 days of age.
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Femoral Lesions
100
90 m FHN
80 m FHT
70 m FHS
60
50
40
30
20
10

EN

Percentage with lesions

d33 d35 d36 d40 d43
m FHN 1 1 0 0 1
HFHT 1 3 11 8 13
m FHS 15 15 24 26 23
mN 84 82 65 67 65

Days of age
Figure 5. Percentage of femoral lesions in each category. N = normal femoral head; FHS = proximal
femoral head separation; FHT = proximal femoral head transitional degeneration; and FHN = proxi-

mal femoral head necrosis. Of the five flocks, N and FHS were the most and second-most prevalent
lesion categories, respectively.

Tibial Lesions

100
90 mTD
w
| 80 B THNc
5 THN
£ 60 B THNs
2 50  THN
& 40
- EN
o 30
o
o 20
o
10
0
d33 d35 d36 d40 d43
mTD 1 2 4 5 3
m THNc 0 0 1 0 0
m THNs 8 11 37 38 46
mTHN 92 88 60 57 52
mN 0 0 0 1 0
Days of age

Figure 6. Percentage of tibial lesion categories. N = normal tibial head; THN = proximal tibial
head necrosis; THN¢ = proximal tibial head necrosis caseous; THNg = proximal tibial head necrosis
severe; TD = tibial dyschondroplasia. Of the five flocks, THN and THNg lesions were the most and
second-most prevalent categories, respectively.
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4. Discussion

This study aimed to assess the average BW and the prevalence of BCO-associated
lesions in commercial broiler flocks across different ages in Central Java, Indonesia. The
average BW of Cobb500 broilers at 33, 35, 36, 40, and 43 days of age was approximately
19 kg, 2.1 kg, 2.5 kg, 2.6 kg, and 3.1 kg, respectively. Overall, these BW records are lower
than the standard BW of Cobb500 at the same time points reported by Cobb in the Broiler
Performance and Nutrition Supplement in 2022 [35]. Generally, the genetics of the breeders,
nutrition, and grow-out management, including temperature and flooring, are critical
factors determining the performance and BW of broilers [36,37]. Several factors pertinent
to the region of study may have contributed to this lower broiler weight. The administered
feed followed the standard commercial formula; however, its ingredient sources differed.
In addition, rearing temperatures reaching up to 28-29 °C potentially led to heat stress and
subpar BW accretion due to a reduced growth rate.

Sampling of broilers at 33, 35, 36, 40, and 43 days of age was conducted based on
both commercial and biological considerations. From an industrial perspective, these ages
represent common harvesting points for broiler chickens in Indonesia, where depopulation
is performed to maintain an optimal stocking density of 19 kg/m? at 32-35 days of age,
and the remaining birds are marketed at 4043 days of age. From a biological standpoint,
these ages encompass the period of rapid weight gain and increasing skeletal load, which
has been consistently associated with elevated susceptibility to BCO [38]. Therefore, the
selected age points allowed us to evaluate lesion prevalence before, during, and after
the anticipated critical period of BCO progression. It should be noted that although the
birds were sampled from different farms, they were from the same geographical region
and environmental conditions, with similar production management. Thus, differences
in flooring types (concrete and tarp-covered bamboo) were negligible in the evaluation
of lesions across farms, as such flooring systems are not known to exhibit any undue
physiological stress on broiler legs [20]. Furthermore, since management practices among
participating farms were generally similar and the study was not specifically designed
to evaluate environmental risk factors, these variables were not incorporated into the
statistical model.

At 33 days of age, more than 80% of the femora were categorized as normal, with no
visible damage. It is important to note that most of the sampled broilers appeared clinically
healthy at this age. Theoretically, chickens reach the peak of their immunity levels at 30 to
34 days of age [39]. However, approximately 90% of the tibiae showed mild tibial lesions
(THN). The presence of THN lesions in clinically healthy birds is not necessarily associated
with BCO lameness but rather attributed to osteochondrotic clefts during fast growth
plate proliferation [14,40,41]. Naturally, mechanical pressure on the growth plate induces
the formation of osteochondrotic clefts in the cartilage layers, which are essential for the
survival and maturation of chondrocytes [14,40,41]. Thus, osteochondrotic microfractures
provide ideal niches for the settlement of hematogenously circulated pathogens.

Severity levels of the lesions significantly increased from 35 to 36 days of age (femora:
FHS to FHT and tibiae: THN to THNS), and the proportion of the lesions remained ap-
proximately the same until 43 days of age. Several studies have reported the prevalence
of BCO in commercial broiler flocks aged 4 to 8 weeks, with the peak occurrence rate hap-
pening at 5 weeks of age [14,42—46]. The peak incidence of BCO corresponds to significant
body weight accumulation [18]. The frequency of osteochondrotic lesions is presumed to
increase when body mass accumulation—approximately 2.5 kg in this study—is adequate
to impose excessive mechanical force on the structural bones. Pressures from mechanical
stress and BW required for femoral damage were inadequate to induce severe FHN lesions
in this study [47]. If the birds experience additional stressors, such as extreme heat, BCO

https://doi.org/10.3390/ani16121910


https://doi.org/10.3390/ani16121910

Animals 2026, 16, 1910

90f13

progression can occur rapidly, leading to severe necrosis (FHN) and ultimate mortality
within 24-48 h [46].

In addition to high BW stress, another possible predisposing factor to the increasing
severity of BCO-associated lesions is elevated house temperature. A previous study demon-
strated substantially higher subclinical incidences of tibial head necrosis (THN) in heat-
stressed broilers compared with broilers reared under thermoneutral conditions [15]. HS
deteriorates skeletal bone health through multiple pathways, particularly by (1) impairing
functional maturation of T and B cells in lymphoid tissues and inducing inflammatory cy-
tokines [48]; (2) disrupting calcium and mineral resorption in the gastrointestinal tract [49];
(3) inducing high bacteremia and pathogen translocation to the skeletal bones [50]; (4) in-
ducing cell apoptosis and bone necrosis due to high oxidative stress responses [30]; and
(5) reducing the formation of bone cells and promoting bone resorption as a consequence
of excessive glucocorticoids [24-29,51].

While osteochondrotic clefts provide ideal niches for bacterial colonization in the bone,
stress-mediated immunosuppression promotes hematogenous distribution of pathogens to
reach and sustain infection in the aforementioned niches. Bacterial invasion may secrete fib-
rinonecrotic exudate in the metaphyseal zone, expanding the lytic activity to microfractures
in the growth plate and aggravating the THN lesion to THNS [20]. In the femur, bacterial
necrosis underlying the fractured remnant of the femoral head induces progressive necrosis,
ulceration, erosion, and fracturing of the growth plate, resulting in femoral head transitional
degeneration (FHT) [20]. At the 5th week (36 days of age), the average of the severe tibial
(THNS) and femoral lesions (FHS, FHT, and FHN) reached 38.5%, which is higher than
the BCO rate reported in Australia (28%) [13]. Overall, the elevated temperature signifies
the high rate of BCO lesions recorded in this study. In addition, several TD cases were
observed at 36 to 43 days of age, indicating symptoms of imbalanced nutrition, particularly
low levels of calcium and high levels of phosphorus [52,53].

Several management practices in broiler farms can hinder the activity of birds, such as
low light intensities, high stocking densities, and easy access to drinkers and feeders [54,55].
Less activity significantly obstructs the blood supply to epiphyseal and physeal cartilage,
which ultimately triggers osteochondrosis in the bones [56]. In this survey, bird density
is unlikely to be a significant factor in the progression of BCO lameness lesions since the
production management strictly maintained stocking density at approximately 19 kg/m?.

Overall, this study underscores the prevalence of moderate BCO lesions in clinically
healthy birds, which represent subclinical BCO lesions that can progress to severe clinical
BCO lameness when an extreme stressor is present. This finding is particularly relevant
to tropical production systems, where extreme temperatures may exacerbate immune
suppression and skeletal stress in fast-growing broilers. Furthermore, the observed lesion
progression pattern in this study is consistent with the well-established biological rela-
tionship between age, body weight accumulation, skeletal load, and BCO development
reported in previous studies [46,57]. Therefore, the findings support the interpretation that
age-associated physiological changes contributed substantially to the observed increase in
lesion prevalence. The notable increase in lesion severity observed between 35 and 36 days
of age further supports the biological relevance of these sampling points and suggests
a critical intervention window before 36 days of age. Mitigation measures, particularly
dietary supplements such as probiotics, prebiotics, microalgae, organic trace minerals (zinc,
manganese, and copper), phytogenic, and vitamin D3 metabolic forms [19,47,58-63], and
vaccination [64,65] have been intensively investigated to control BCO-induced lameness.
Dietary supplementation is considered a strategic measure to control BCO lameness in
broilers because of its potential for large-scale application without extra animal handling
that can impose stressful conditions on the birds [38]. Following up on this publication,
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a comprehensive study on the bacterial etiological agents isolated from BCO lame birds
in this region will be published in a separate article. Furthermore, future studies are sug-
gested to incorporate detailed environmental monitoring to quantify the contribution of
environmental stressors to BCO progression in tropical production systems.

5. Conclusion

The prevalence of BCO-associated lesions in commercial broiler flocks reared in trop-
ical regions demonstrated a significant increase in BCO lesion frequency and severity
levels from 35 to 36 days of age, when the BW of birds reached approximately 2.5 kg.
The lameness survey conducted here is, to our knowledge, the first in the field in this
geographical region. As such, these data present a critical intervention window before the
age of 36 days. Mitigation measures, particularly dietary supplementation of probiotics
and phytogenics, can be efficacious and practical intervention measures to mitigate BCO
lameness progression in broilers.
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