Chapter 1 : Introduction
Black Bangle, Jamunapari and crossbreed goats are breeds of goats available in Chittagong district of Bangladesh. These breeds are frequently affected with some infectious and noninfectious diseases and metabolic disorder. Tetanus, mastitis, metritis, arthritis, dermatitis, urinary tract infection, actinomycosis, upper respiratory tract infection, PPR, viral pneumonia, fungal infection, keratoconjunctivitis, diarrhoea are some common infectious diseases of goats in Chittagong district of Bangladesh (Nath et al., 2014). ShahedulAlamQuadery teaching veterinary hospital (SAQTVH), in Chittagong Veterinary and Animal Sciences University (CVASU) is  well known among veterinary school in Bangladesh for its varieties of patient species. Among different ranges of diseases, some noninfectious and metabolic diseases of goats are also recorded in SAQTVH. Fibrous osteodystrophy is one of the important metabolic disorders in goats, but previously no report has been published on it.
Osteodystrophy is any dystrophic growth of the bone. It is defective  bone  development that is usually attribute to disturbances in calcium and phosphorus metabolism. Fibrous osteodystrophy refers to softening of the bones and an increase in the amount of supportive connective tissue, most commonly affecting the jaw (Foster & Smith).Calcium and phosphorus are the major mineral components of bones. Although bones may seem solid and unchanging, in reality calcium and phosphorus are continually being added to bones and then reabsorbed. The process is very dynamic. In a proper diet, the concentration of calcium compared to phosphorus should be 2:1. In  addition, there needs to be an adequate amount of Vitamin D3 to help the body absorb and use the calcium. The main cause of the osteodystrophy is the continuous and extensive action of parathormone (PTH) on bones. The pathogenesis involves the persistent increase in the parathormone (PTH) levels in the plasma, what may be associated with primary or secondary hyperparathyroidism (Thompson, 2007). Nutritional hyperparathyroidism usually affects young animals fed diets with low calcium and relatively high phosphorus contents. This condition includes decreased concentration of serum ionized calcium and consequent increased synthesis and secretion of PTH (Radostits et al., 2007; Weisbrode, 2007). 
The main clinical manifestations include bone deformities and enlargements, enhanced susceptibility to fractures, and locomotion or postural disturbs (Radostits et al., 2007). They are painful when bearing weight. The affected bones are mainly the mandible and maxilla. In humans, the disease has been known as von-Recklinghausen disease. Different animal species may be varying in their susceptibility to fibrous osteodystrophy. The disease is frequently observed in horses (Radostits et al., 2007) and sporadically described in goats (Andrews et al., 1983; Yates et al., 1987; Aslaniet al., 2000), foxes (Pelt & Caley, 1974), pigs, dogs (Kawaguchi et al., 1993), reptiles (Mehler& Bennett, 2003), rabbits (Bas et al., 2005), guineapigs (Schwarz, 2001), cats (Crager&Nachreiner, 1993), lemurs (Tomson &Lotshaw, 1978), and budgerigars (Arnold et al.,1973). In ruminants it is most commonly reported in goats (Naghshineh and Sohrabi-Haghdust, 1973; Saha and Deb, 1973; Andrews et al., 1983). However, it is rare in sheep and cattle (Thompson, 2007). 
This report on nutritional osteodystrophy emphasizes the clinical, biochemical alterations observed in affected goats. It also emphasizes the distribution of fibrous osteodystrophy according to sex of goats and month of the year. The specific objectives of the present investigation were -
1. To study the clinical symptoms found in fibrous osteodystophic goats
2. To observe the changes in blood parameters (Calcium, phosphorous, alkaline phosphatase)
3. To find out the distribution of fibrous osteodystrophy in goats, according to breed, sex and month of the year









Chapter 2: Materials and methods
2.1. Study Area 
This study was conducted at  S.A Quadery Teaching Veterinary Hospital, CVASU in Chittagong district of Bangladesh.
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                                      Fig : Location of SAQTVH in Chittagong map

2.2. Disease Diagnosis
Diagnosis of the disease was made by general physical examination of goats, clinical symptoms, and laboratory procedures.
Physical examination
Data recorded for each animal included animal demography (age, sex, body weight and breed), rectal temperature. The date of case occurrence, clinical symptoms, feeding history of the affected goats were also recorded. The goats were examined for any swelling. The limbs were observed to see lameness or any leg deformity. Different joints of the goats were observed through palpation and were examined to detect any swelling or pain.
Case history and Clinical symptoms
The disease was diagnosed according to owner’s complaint, history of the patients and specific clinical signs of the disease. The affected goats were usually brought to the hospital with a history of swollen jaw, lameness, open mouth and tongue protrusion. These animals were from different herds of different ages. Most of the goats had the history of feeding concentrate, bran, pea, maize. The most common symptoms were swelling of the jaw, leg deformity, lameness, open mouth, salivation and tongue protrusion.
Laboratory diagnosis
Collection of serum - Blood samples for biochemical analysis were collected by jugular venepuncture from the affected goats. After collection of the whole blood, it was allowed to clot by leaving it undisturbed at room temperature. This usually takes 15-30 minutes. Then the clot was removed by centrifuging at 1,000-2,000 × g for 10 minutes in a refrigerated centrifuge. The resulting supernatant is designated serum. Serum samples collected from affected goats were used to determine serum levels of calcium, phosphorus and alkaline phosphatase enzyme activity.
Determination of serum level of Calcium 
The reaction principleis -Calcium ions form a violet complex with O-Cresolphthaleincomplexone in an alkaline medium. Calcium standard, buffer, chromogen, EDTA are the reagents used for the method. After preparation of reagent blank, standard and sample, the absorbance should be read after 5 to 50 minutes using Humalyzer 3000 (Humalyzer 3000 is a Semi-Autometic Photometer with a large display,Tradesworld company, Germany).
Determination of Phosphorus
The reaction principle is -Inorganic phosphorus reacts with ammonium molybdate in the presence of sulfuric acid to form a phosphomolybdic complex, which is measured at 340 nm (Nanometer). Molybdate and phosphorus standard are the reagents used for this method. After preparation of reagent blank, sample, CAL standard, the absorbance should be read using Humalyzer 3000.
Determination of Alkaline Phosphatase (ALP)
The reaction principleis - The p-nitrophenylphosphate and water produces phosphate and p-nitrophenol in the presence of ALP. Buffer and substrate are the reagents used for this method. After preparation of reagent and sample, the absorbance should be read using Humalyzer 3000.

Chapter 3: Results
3.1. Temporal distribution of cases
Prevalence of fibrous osteodystrophy in goats due to seasonal variation revealed that highest prevalence (50%) was found in rainy season (August month). The status of feeding of the animal should be known more clearly by further study as it is important to know about other seasonal influence.

Table 1.Percentage of Fibrous Osteodystrophy in goats at S A Quadery Teaching Veterinary Hospital, CVASU, Chittagong according to months (N=10)
	Month 
	No. of cases
	% of cases

	March 
	1
	10

	April 
	2
	20

	May 
	1
	10

	June 
	1
	10

	August 
	5
	50

	



3.2. Recorded Clinical Signs
The goats affected with fibrous osteodystrophy presented swollen bone (predominantly in the maxilla and in the mandible), open mouth (10%), protruding tongue (20%), lameness (10%), swelling of joints (20%), leg deformity (40%). Among these signs, swelling of the jaw was predominant in the affected goats (50%).





          Fig1 : Distribution of the disease according to different clinical signs
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Fig 1:Goat with severe maxillary enlargements              Fig 2: Bilateral and symmetrical        							    enlargement of the face, protrusion 							    of the tongue and prominent eyes     




3.3. Breed wise distribution of cases
Among the affected goats the Jamunapari and cross breeds were the dominant breed followed by Black Bangle Goat (BBG). The BBG was found to be good in response to disease resistance.


                      Fig 2: Percentage of the disease according to breed









3.4. Sex wise distribution of cases
This study found the male goats were predominant in number. The Female was less affected with this disease. 


                          Fig3 : Percentage of the disease according to sex








3.5. Serum biochemical Value

Table 2- Serum levels of calcium, phosphorus, alkaline phosphatase of goats affected by nutritional osteodystrophy

	Sl no
	Ca 
(mg/dl)
	P 
(mg/dl)
	Ca : P ratio
	ALP
(U/L)

	1
	10.45
	4.75
	2.2
	257

	2
	8.25
	2.85
	2.89
	1162

	3
	6.85
	4.2
	1.63
	1942

	4
	10.60
	5.05
	2.10
	1455

	5
	10.2
	4.65
	2.19
	923.35

	6
	6.9
	10.5
	o.65
	N/A

	7
	12.5
	5.0
	2.5
	N/A

	8
	10.35
	3.8
	2.72
	2678

	9
	10.0
	3.05
	3.28
	124.1

	10
	7.75
	1.8
	4.30
	N/A



Normal value :  Calcium Ca :8.9-11.7 mg/dl; phosphorus P : 3.5-6.7 mg/dl; alkaline phosphate AP : <387 U/L ; not available N/A (kaneko et al., 1997)









Chapter 4 : Discussion
Fibrous osteodystrophy is a metabolic bone disease that characterized by increased osteoclastic resorption of bone and replacement by fibrous connective tissue. The most common cause of the disease is prolonged and excessive secretion of PTH (Radostits et al., 2008; Thompson, 2007; Weisbrode, 2007;  Woodard, 1997). Unfortunately, this parameter was not measured in the present study due to lack of logistic facilities. Two types of hyperthyroidism occur in animals and human beings. Primary hyperthyroidism is rare in domestic animals and may be linked to benign and malign parathyroid tumors or idiopathic bilateral parathyroid hyperplasia of the gland. The most commonly seen form is secondary hyperparathyroidism and the fundamental mechanism is a reduced concentration of calcium in the plasma with a relative increase in phosphorus (Weisbrode, 2007; Woodard, 1997). Nutritional fibrous osteodystrophy is the most common pathology due to dietary insufficiency of calcium and/or excessive dietary phosphorous, which results in nutritional secondary hyperparathyroidism. One of the other forms of hyperthyroidism is the renal type characterized by failure to eliminate phosphorous in the urine, which causes hyperphosphatemia. Whether it is nutritional or renal hyperparathyroidism, excessive secretion of PTH promotes bone reabsorption and softening of the bones (Thompson, 2007; Woodard, 1997). Generally head bones effected and they become swollen, soft, deformed and predispose to pathological fractures (Bas et al., 2005; Dunn, 1994; Radostits et al., 2008; Pelt & Caley, 1974; Weisbrode, 2007; Yates et al., 1987). In this study, caprine nutritional osteodystrophy was diagnosed based on clinical and biochemical findings. Elevation of serum alkaline phosphatase is a characteristic laboratory finding in affected animals (Andrews et al., 1983; Radostits et al., 2007; Smith and Sharman, 1994). In this study, excessive ALP blood levels were observed in affected goats supported the diagnosis of fibrous osteodystrophy. The confined management system and concentrate feeding in most of the affected goats were the reasonable causes for this metabolic bone disease. In the cases of fibrous osteodystrophy, respiratory distress may result from the proliferation of poorly ossified tissue that impinges on the nasal cavity. Metabolic bone disease is seen at sites of mechanical stress in adult animals, especially maxilla and mandible as a result of mastication and rumination (Thompson, 2007; Woodard, 1997). Similar findings were also observed in this study. In most of the cases, the disease started at facial bones and in some cases extremity deformities accompanied the lesions.
The disease is known to develop in herbivores fed diets with a Ca:P ratio of 0.8 or lower (Lynch et al., 1999; Simesen, 1980). Other factors that may play a role include vitamin D deficiency (in house animals), reduced calcium absorption due to endoparasitism, or calcium binding substances such as oxalate in the diet (Lynch, 1999; Sidler-Lauffet al., 2010). 
In this study, the disease was prevalent in August. In months around August, there is generally heavy rain in Bangladesh  and goats might be offered more concentrate than green grass or other leafy feed which may lead to the development of fibrous osteodystrophy. 
In Chittagong region, mainly bucks are reared for sacrifice in Monosha puja and their rearing system is intensive with a supply of concentrate feed and that is the reason behind mainly affected male goats.













Limitations

The number of clinical fibrous osteodystrophy cases in this study was small (10 cases). The diagnosis of fibrous osteodystrophy was only based on clinical and biochemical findings. The pathological examinations and other important laboratory examinations were not done. Distribution of the diseases throughout the year were not possible to show.



















Conclusion
Fibrous osteodystrophy was seen more commonly in male compared to female. Common clinical findings were swelling of the jaw, swelling of joints, leg deformity, open mouth and protrusion of tongue. Concentrate feeding was the history in most of the affected goats. Feed should be balanced so that the calcium: phosphorous ratio of 2:1 is maintained in the animal which is the principle of the treatment of affected goats (Dunn, 1994). 
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