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Abstract 
 

Radiographic examination of the distal radius and ulna of dogs showed changes in metaphyseal areas of both bones 

characteristic of hypertrophic osteodystrophy (HOD). The serum of the patients showed increased activity of alkaline phosphatase 

(ALKP) and elevated concentrations of Ca and P. Oral application of vitamin C and injection of sodium salt of hyaluronic acid in the 

bolus caused a reduction in swelling, disappearance of pain symptoms around the joints, and increased appetite. Radiographic 

examinations performed on the 60th d of treatment revealed the withdrawal of the changes characteristic for HOD. The chosen 

biochemical parameters tested during the treatment showed a decrease in comparison to the values before treatment, namely: ALKP 

by 27.7%, Ca by 22.2%, P by 12.3%, and Mg by 2.4%. Clinical condition of the animals was defined as good or very good. The use 

of hyaluronic acid and vitamin C in the treatment of HOD in the first stage of the disease proved to be highly successful, resulting in 

the inhibition of the disease course. 
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Hypertrophic osteodystrophy (HOD) is a 

disease of dogs at developmental age. It affects mainly 

medium, large, and giant breeds, such as the German 

Dog, Alaskan malamute, Irish setter, Doberman, and 

Pinscher. The disease usually starts between the third 

and fifth month of age. Clinical trials revealed that at the 

initial stage of the disease, the metaphyseal regions 

show swelling, tenderness, and growth of local 

temperature. The symptoms are usually accompanied by 

fever, aversion to food, and fast weight loss (23). During 

the initial period of HOD, radiography reveals bilateral 

radiolucent areas in the metaphyses (15, 22, 30). 

Additionally, an increased activity of alkaline 

phosphatase (ALKP) and elevated concentrations of Ca 

and P are observed in serum (3, 11, 12, 19, 23, 32). An 

excessive supplementation with calcium preparations, 

excessive high-calorie diets used during dogs’ growth, 

stress, skin reactions after vaccination against rabies and 

distemper are considered to be the main aetiological 

factors of the disease (22). Deficiency in vitamin C is 

also considered as a probable cause of HOD (8). This 

theory has gained attention and is under a further 

investigation. Some authors point out the effect of 

ascorbic acid and glycosaminoglycans (GAG-s) on the 

biosynthesis and maturation of collagen and the 

participation of free radicals in the pathogenesis of HOD 

(2, 5). 

Exogenous hyaluronic acid (HA) has a direct 

effect on chondrocytes through CD44 cell-surface 

glycoprotein, stimulating them to synthesise collagen 

(5); it also stimulates the cells to synthesise endogenous 

HA, and this process is dependent on the presence of 

ascorbic acid. Exogenous macromolecular HA 

molecules (high molecular weight hyaluronan-HMWH) 

exhibit cytoprotective effects in fibroblasts, 

chondrocytes, and other cells (4, 31). Hyaluronic acid 

enhances the mechanical functions of collagen, is 

necessary for binding collagen fibers into bundles. It is 

also responsible for the repair and replacement of 

damaged and dead collagen fibers (5).  

The aim of the study was to determine the 

effect of administration of the sodium salt of hyaluronic 

acid and vitamin C to dogs with diagnosed hypertrophic 

osteodystrophy in the early stages of the disease.  
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Material and Methods 
 

Animals. During 2009-2011, treatment for 

HOD was applied to 15 dogs of various breeds, sex, not 

sterilised, aged between 4 and 6 months, with the weight 

of 15 to 25 kg. Before the administration of the 

treatment and during the experiment, the dogs were fed 

a complete feed for growing animals which did not 

contain additional supplements. Dogs used in the study 

demonstrated: lameness, reluctance to walk, and 

swelling of soft tissue in the metaphyseal regions. In all 

dogs, foreleg lameness, tenderness around the wrists, 

and local hyperthermia were found. The animals moved 

reluctantly, and had a temporary increase in body 

temperature and anorexia. Their body weight was in all 

cases reduced by 8%-10% compared to the normal body 

weight assigned to a particular dogs’ breed or age. The 

observed pathological changes were bilateral and 

concerned the distal metaphyses of the radius and ulna. 

Design of the experiment. The dogs were 

given intravenously 5 times at 10 d intervals - 20 mg of 

sodium salt of hyaluronic acid with a molecular weight 

of 5-7x10
5
 Da (Hyonate, Bayer Healthcare AG, 

Germany) as a bolus, and orally 40 mg/kg/d of ascorbic 

acid (Polfa, Poland). The dogs did not receive any other 

medicines during the treatment.  

Blood chemistry tests were performed in all 

dogs with the use of a Vettest biochemical analyser 

(IDEXX) in order to determine alkaline phosphatase 

(ALKP) activity and concentrations of Ca, Mg, and P 

ions. Examinations were done on the day O (before the 

treatment), on day 20, 40 and 60 (at the end of 

treatment). On the 60
th

 d of the treatment, an X-ray 

examination was performed.  

Statistical analysis. The results of blood 

chemistry, presented as mean values with standard 

deviation (SD), were subjected to statistical analysis and 

related to the reference values. The significance of 

differences was examined using Student's t-test for 

unconnected variables. The analysis of correlation was 

made determining the Parson (r) coefficients, and the 

intensity of dependence of two variables was interpreted 

according to the scale of Stanisz (27). 

 

 

Results 
 

The radiographs before treatment showed 

changes characteristic of hypertrophic osteodystrophy: 

an uneven radiolucent area in the metaphyses and 

lesions, which resembled the subperiosteal lytic defects 

and were located within metaphyses, reaching different 

depths. The changes are marked as "A" on Fig. 1. 

Patients revealed the changes in their bone structure of 

metaphyseal areas of both bones. Radiographic image of 

the radial bone displayed an uneven radiolucent zone in 

the metaphysis that was paralleled to the physis. That 

radiolucent zone resembled the radiographic image of 

the growth plate. 

 The changes in the ulna were similar; however, 

in individual cases were limited to subperiosteal cavities 

in the metaphyseal region. The changes in both thoracic 

limbs were symmetric. Based on clinical and 

radiological examination, an early stage of HOD was 

diagnosed in all cases. 

 The changes in the concentrations of Ca, P, and 

Mg and activity of ALKP are presented on Figs 2-5. 

Mean values of biochemical parameters determined 

before treatment were as follows: ALKP - 322.4 U L, 

Mg - 1.66 mg/dL, P - 10.93 mg/dL, and Ca - 14.62 

mg/dL.   Mean values of the parameters determined on 

the 60
th

 d of the treatment were: ALKP - 233.2 U/L, Mg 

- 1.62 mg/dL, P - 9.59 mg/dL, and Ca - 11.37 mg/dL.  

In all cases, the oral administration of vitamin 

C and HA sodium salt injections in the first week of 

treatment resulted in reduction of swelling, 

disappearance of symptoms of pain around the joints, 

and increased appetite. Physical activity of treated dogs 

gradually improved after 14 d, and between 20 and 30 d 

of treatment was assessed by the owners as good and 

very good. Radiographs made on the 60
th

 d revealed in 

all cases the regression of changes characteristic for 

HOD, i.e. loss of bone defects, normal tissue 

contouring, and proper radiodensity of the radius and 

ulna. The radiodense areas in the examined metaphyseal 

regions are marked as "B" in Fig. 6.   

All investigated parameters indicated a marked 

decrease during treatment. This decline on the 60
th

 day 

was for ALKP - 27.7%, Ca - 22.2%, P - 12.3%, and Mg 

- 2.4% of the values indicated prior to treatment. For 

ALKP, the average decline in its activity was 9.23% 

among the successive tests. The average decrease in 

concentration of Ca, P, and Mg among successive 

measurements reached 7.4%, 8.2%, and 0.8%, 

respectively. Mg concentration decreased rapidly 

between 0 and 20
th
 d after the first administration of HA 

and then between 20
th

 and 60
th

 d it rose by 22.3%. 

Pearson correlation coefficient (r) for each link is shown 

in Fig. 7 and Fig. 8. 

 

 

Discussion 
 

Polyaetiological nature of HOD is still unclear 

and hereditary predispositions to the disease have not 

been documented. The intensity of symptoms may vary 

in terms of quantity and quality also among dogs coming 

from the same litter (8). The cortical defects in the 

metaphysical area, observed in the clinical X-ray images 

before starting treatment, were characteristic for HOD 

and were similar to those described by Koper and 

Olsson (15, 22). Their formation is associated with 

excessive deposition of the osteoid, which pushes the 

periosteum to the edge and its mineralisation is delayed 

(18, 30). Radiolucent zones visualised on radiographs 

were identified as foci of bone desorption. Similar 

pathological changes characteristic of HOD were also 

described by other authors (15, 18, 20, 30). 

The clinical symptoms in 15 dogs treated in the 

study, were consistent with HOD as described in 

literature (8, 15, 24). 
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Fig. 1. „A” – radiolucent areas in the metaphyses of the distal radius and ulna. The changes associated with the radius 

are more prominent. Four-month-old male German shepherd. Status before treatment 
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Fig. 2. Concentration of P in serum during treatment 
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Fig. 3. Concentration of Ca in serum during treatment 
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Fig. 4. Concentration of Mg in serum during treatment 
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Fig. 5. Activity of alkaline phosphatase during treatment 

 

 

Fig. 6. “B” - the increased metaphyseal sclerosis, which reflects the accumulation of Ca in the process of reparations. 

Six-month-old male German shepherd. The 60
th

 d of treatment 
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Fig. 7. Dependences and correlation coefficients of alkaline phosphatase activity (ALP) 

and Ca concentration during treatment; correlation coefficient r = 0.876580441 
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Fig. 8. Dependences and correlation coefficients of Ca and P concentrations during treatment;  

correlation coefficient r = 0.963374011 

 

 

Examinations made on the 60
th

 d of treatment 

revealed the disappearance of radiological features 

characteristic of HOD. A return of normal contour and 

radiodensity of the radius and ulna in the examined area 

has occurred. The increased metaphyseal sclerosis, 

resulting from the recovery and reflecting the 

stimulation of osteoblasts in the process of reparations, 

was also demonstrated. A similar bone remodelling and 

the seizure of trabecular structure in the phase of 

recovery in the course of HOD are described by other 

authors (12, 15, 22). Osteoblasts produce and secrete 

into the pericellular space the type I collagen and 

proteoglycans building intercellular matrix (osteoid), 

protein precursors and proteins that regulate the bone 

mineralisation process - osteonectin and osteocalcin. 

Osteonectin when binding to type I collagen forms a 

complex in which calcium salts and hydroxyapatite 

crystals are deposited. Osteocalcin binds calcium ions 

providing a substrate for bone mineralisation. 

Mineralisation of osteoid is made by hydroxyapatite 

crystals linearly arranged along collagen fibbers and 

growing between them. On the surface of 

hydroxyapatite crystals, HPO4
- 
, HCO3

-
, Mg

+ +
, Na

+
, F

-
, 

ions and citrates are adsorbed, which creates the cross 

linking of Ca
2+

 ions (9, 24). Collagen type I makes up 

95% of the matrix and is the framework of subsequent 

mineralisation. The correctness of the process of 

mineralisation is determined by the amount of collagen 

fibers and their correct structure. The structure of 

collagen determines the majority of processes in the 

bone tissue such as bone formation, mineralisation, and 

obtaining the correct mechanical properties (16). The 

biosynthesis of collagen is a complex process involving, 

among others, hydroxylation of proline residues 

catalysed by prolyl 4-hydroxylase (EC 1.14.11.12) and 

prolyl 3-hydroxylase (EC 1.14.11.7), and hydroxylation 
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of lysine residues catalysed by lysyl hydroxylase (EC 

1.14.11.4 ) (2). The activity of the enzymes depends on 

the presence of ascorbic acid, which prevents the 

passage of the active Fe
2+

 ions into inactive, oxidised 

Fe
3+

 form (16). In the presence of vitamin C correct and 

strong bonds are produced, which play a crucial role in 

the building of collagen triple helix. Stabilisation of 

collagen structures (collagen maturation), and giving 

them the characteristics of the insolubility and resistance 

to protease activity is the result of the production of 

cross-links. Goodman et al. (10) and Teare et al. (29) 

emphasise the role of ascorbic acid in the pathogenesis 

of HOD. 

Olsson (20) has observed that in the course of 

HOD, the subchondral zone of bone metaphysis has an 

obliterated trabecular structure and its tissue material 

does not contain much collagen. Afterwards, he has 

noted that in this zone, extravasations and blood clots 

are observed, resulting from microfractures of bone 

trabeculas due to excessive sensitivity to overload. In the 

intercellular substance, the hyaluronic acid fills the 

space between collagen fibers, binds water molecules, 

improves its cushioning properties, and supplies 

nutrients (33, 34). Its heparinic properties cause the 

release of blood clots, restitution of flow in the zone of 

subchondral bone, and elimination of ischaemic foci. 

Native HA macromolecular molecules are an important 

anti-inflammatory factor interacting with leukocytes and 

inhibiting the activity of lysosomal enzymes (1, 5-7, 25). 

Hyaluronic acid in the form of heavy chains (HMWH) 

during the scavenging of ROS has the ability to chelate 

metal ions (17, 26). Taking into account the literature 

data and the observations, it can be stated that the 

clinical improvement during the first period of treatment 

(up to 20 d) resulted from the anti-inflammatory and 

anticoagulant activity of hyaluronic acid and its 

anticoagulant action led to reperfusion in disease 

outbreaks. Proper vascularisation and flow maintenance 

is crucial for proper progress of ossification process (9, 

24). Vitamin C, acting on the sealing up of vascular 

endothelium, inhibits the development of oedema, which 

restores the flow around metaphyses. Vitamin C and HA 

are the "scavengers" of reactive oxygen species (ROS). 

Their action on the termination of free radical reactions 

limits the local cytodestruction, which contributes to the 

extinction of inflammation and consequently reduces 

pain (14), as reported by dog owners in the first stage of 

treatment. 

Magnesium concentration determines 

osteoblast activity affecting the level of collagen 

synthesis and bone mineralisation. Magnesium has a 

regulatory effect on the mineralisation process 

promoting the accumulation of Ca
2+

 ions and inhibiting 

their excessive accumulation (32). The study 

demonstrated a very high negative correlation between 

the concentrations of these ions, while the concentration 

of magnesium during the treatment was within normal 

limits. Elevated levels of serum Ca
2+

 in dogs’ serum was 

the result of the disease and leaching calcium ions from 

HOD foci. A decrease in the concentration of Ca
2+

 in the 

course of treatment and characteristic change of X-ray 

images indicate the accumulation of calcium and 

magnesium and confirm the regulatory function of 

magnesium in the mineralisation. During the tests 

performed, similar trends in changes of ALKP activity 

and levels of calcium testify a strong dependence of 

these parameters. Significant changes in ALKP activity 

in the course of HOD and correlation with elevated 

concentrations of Ca were also described by Ozer et al. 

(23) and Joiner et al. (12). In the study, it was shown 

that the changes in serum P concentrations highly 

correlated with the change of ALKP activity. The use of 

hyaluronic acid and vitamin C in the treatment of HOD 

in the first stage of the disease has been highly 

successful, resulting in inhibition of the disease. The 

recovery from HOD strongly depends on restoration of 

the correct ossification, which is connected with proper 

synthesis and metabolism of type I collagen, depending, 

among other things, on HA and vitamin C (2, 9, 10, 16, 

24, 28, 33, 34). 
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