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Abstract

Doubek J., P. Jagos, J. Toth: Early Diagnosis
of Metabolic Diseases of the Skeleton in Dairy Cows. Acta vet.
Brno, 58, 1989: 31-51.

In order to improve the system of preventive diagnosis of
osteopathies in cattle a complex examination of health condition
of 195 cows from 16 large-capacity farms and of 37 clinical
patients was carried out during the winter season. Diagnostical
validity of selected clinico-biochemical parameters in various
forms of metabolic diseases of the cattle skeleton was assessed.

The results of this examination show that the determination
of Ca and inorganic P concentrations in the blood plasma and
urine is of no significance for an early diagnosis of metabolic
diseases of cattle skeleton, i.e. in the 1latent or prodromal
stages of the disease. Data obtained by chemical analysis of
the tuber coxae biopsy samples taken from cows with various
forms of osteopathies due to nutritional deficiencies showed
characteristic differences when compared with the controls
and were found to be pathognomonic for the processes going
on in a skeleton. This finding was verified by histological
examination of bioptic osteosamples.

Evaluation of the results of t. coxae spongiosa chemical
analysis proved the usefulness of the ash weight determination
in 1 g of fat-free dry matter, of the ash weight in 1 cm?® and
of the Ca/P index in the bone ash .in the diagnosis of various
forms of metabolic osteopathies in cows. Histological
examination is not necessary from the viewpoint of an early
diagnosis of metabolic osteopathies in cows but it may
complement the diagnostic conclusion. It can be concluded that
by determination of the ash content in 1 g of fat-free dry
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matter the skeletal malacic processes and by determination
of the ash weight in 1 cm® of spongy bone the porotic processes
can be diagnosed already in the latent, or prodromal, phase
of the disease. Determination of Ca/P index in the bone ash
can further specify the differential diagnosis.

Dairy cows, metabolic osteopathies, early diagnosis, bioptic
osteosamples, bone ash, Ca/P.

The diagnosis of metabolic diseases in cattle. skeleton is very
demanding. Great difficulties appear especially in the latent, or prodromal,
phase of the disease when no symptoms of the skeleton affection are
apparent. However, the disturbance of the health condition is expressed
by the performance decrease (P r i bo th 1976). Also the blood plasma
(serum) analysis - Ca, inorganic P, total catalytic activity of alkaline
phosphatase - and the urine analysis - Ca, inorganic P (J ag o § et al.
1975b) show often to be insufficient. Therefore, the chemical and
histological examination of Dbioptic osteomaterial, enabling the
determination of metabolic disturbances in osteotrophic materials already
in the latent phase, gains significance in the preventive diagnosis of
osteopathia in cattle managed under industrial conditions. The disturbances
in osteotrophic elements metabolism are marked by characteristic
physico-chemical and morphological changes in bone substance (P r i both
1967). Priboth (1966), Priboth and Fritzsche
(1969) and others showed, on the basis of a comparative analysis, that
the tuber coxae spongy bone appeared to be the most reliable indicator
of changes in the chemical composition taking place in a skeleton.

The 1lowered degree of skeleton mineralization, characteristic for
rachitis and osteomalacia, can be proved by the ash weight determination
and its expression per weight unit of fat-free dry matter (FFDM). For the
differential diagnosis of metabolic osteopathies in cattle the ash weight
per volume unit of t. coxae spongy bone also represents an important
criterion, the reason being that skeleton metabolic disturbances are often
characterized not only by inorganic but also by organic changes in the
bone tissue proportion which is characteristic for osteoporosis
(Priboth 1976, 1978).

With regard to etiopathogenesis of skeleton diseases the diagnostical
value of the ash weight expressed per FFDM weight unit and per volume unit
of t. coxae spongy bone is considered to be of 1limited importance
(Jagos§ et al. 1975b, 1978; Priboth 1976, 1978).. Lege l
(1972/1973) and J a g o § et al. (1975b, 1976) demonstrated characteristic
changes in values of the Ca/P parameter in the bone tissue of various cattle
categories in dependence on the mineral nutrition plane.

For a more precise diagnosis of osteopathies in cattle Sef fner
and Priboth (1969) recommend to combine the chemical analysis of
bioptic osteosamples with their histological examination.

The aim of the presented work was to evaluate the significance of
selected clinico-biochemical parameters from the viewpoint of an early
diagnosis of metabolic diseases in cattle skeleton.

Materials and Methods

Clinico-laboratory examination was carried out on cows (n = 232) coming
from 16 herds in a beet-growing area and on cows hospitalized in the clinic
of ruminants diseases of the Department of Diagnosis, Therapy and Control
of Animal Diseases at the University of Veterinary Science in Brno.
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The animals were kept in areas with litter housing and the examination
was carried out during winter feeding period (December - April). From every
herd a group of 10 - 15 clinically healthy cows, representatives of the
herd, was examined. The group comprised animals 2 - 6 weeks post partum,
4 - 5 months pregnant and of dry cows.

In selected cows, breed, age, performance in the preceding lactation,
actual yield (per preceding month), and actual herd performance were
determined. Feed rations (silage quality, contents of starch units,
digestible nitrogen substances, Ca and P) were evaluated on the basis of
feed analyses and performance. Health condition in herds for the preceding
two years was assessed.

On the basis of health and performa.nce analyses the herds were divided
in groups or subgroups.

Group I (n = 57) comprised of clinically healthy cows of Bohemian Pied
breed, aged 3 - 10 years. The animals came from herds where nutrition showed
no deficiencies in investigated parameters. Also in the feed technology
no defects were found and during the preceding two years metabolic
osteopathies were not observed. Milk yield of the preceding lactation of
the examined cows ranged within 3 800 and 4 200 kg, the actual yield
remained approximately at the same level as in the same period of the last
yeéar. This group served as control.

Group IT (n = 138) included clinically healthy cows of Bohemian Pied
breed, aged 3 - 10 years. The animals originated from 11 herds where cases
of generahzed osteopathis occurred over the last two years. This disease
contributed significantly to a total morbidity and emergency slaughter.
Milk yield of the examined cows ranged within 2 800 and 3 500 kg of milk
over the preceding lactation and varied greatly. Analyses of feed rations
and technology revealed serious deficiencies in nutrition. These
deficiencies were of a long-term character, i.e. unsuitable feed rations
were fed at least two months prior to the examination. The selected herds
were further divided into subgroups according to the found disbalances.

Subgroup II/1 (n = 29) included cows.from two herds where feed rations
were deficient in P (ca 90 % of the feeding standard). As for other
parameters, the feed rations corresponded to the standard.

Subgroup II/2 (n = 61) comprised of cows from 5 herds in which the feed
rations were characterized by Ca surplus (ca 250 % of the requirement)
and by P deficiency (ca 85 % of the requirement).

Subgroup II/3 (n = 15) included animals from one herd in which nutrition
was found to be deficient as for as standard requirements are concerned:
Ca (ca 80 %), P (ca 90 %), starch units (ca 90 %) and digestible nitrogen
substances (ca 80 %).

Subgroup II/4 (n = 33) included cows from three herds. Feed rations
had high actual and potential acidity (silage with high content of lactic
and acetic acids, broader nutrient ratio), the content of investigated
minerals being also not quite balanced.

Group III (n = 37). This group included cows of Bohemian Pied breed,
occassionally of Black Pied breed, aged 3 - 14 years, in various stages
of reproduction cycle. Clinical syndrome of skeleton affection was found
in animals and they were ‘hospitalized in the clinic or treated as
out-patiens - subgroups II/2 - II/4. The duration of the manifest phase
of the disease was different (2 - 14 days). Deficiency in nutrition was
of a longer character and according to its characteristics the cows were
allocated into two subgroups.

Subgroup III/1 (n = 23) comprised of animals coming from farms where
the feed rations were characterized by a broad Ca/P ratio and a high actual
and potential acidity.
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_ Subgroup III/2 (n = 14) consisted of cows, the feed rations of which
were found to be deficient: Ca (ca 80 %), starch units (ca 90 %), digestible
nitrogen substances (ca 80 %) and in several also P (ca 90 %) compared
with the standard.

Screening of urine and milk samples was carried out in selected animals.
After the tentative examination, samples of blood, blood plasma, urine,
and bioptic osteosamples were analyzed in the laboratory. Parameters of
the acid-base balance (pH, base excess, pCO,) in venous blood were
determined using the Astrup equ111brat10n method. Calcium and morgaruc
phosphorus concentrations were determined in blood plasma and urine, the
method of atomic absorption spectrometry (AAS) being used for 'Ca
determination while that of photometry was applied for determination of
inorganic P content. Bone tissue sample was obtained by the biopsy of tuber
coxae using a special instrument. By analysis of the spongy bone
(V = 0.541 cm®) a weight of fat-free dry matter, ash, Ca and P was obtained.
Fat-free dry /matter (FFDM) was obtained following the fat extraction by
drying at 105 °C to constant weight, ash by mineralization at 550 C for
48 hours. The ash weight was expressed per 1 g of fat-free dry matter and
per 1 cm® of spongy bone. The expression of FFDM weight per 1 cm® was
calculated from the ash values in 1 g of FFDM and in 1 cm3®. The ash weight
in 1 g of FFDM and specific gravity of FFDM were expressed in per cent
of values of these parameters in healthy cattle. Calcium was determined
by an AAS method and inorganic phosphorus photometrically using model
solutions. Their ratio (Ca/P) was calculated from the found values.

The results of the biochemical examination were statistically evaluated.

Histological examination of biopsy samples was carried out in all animals
of the group III (clinical syndrome - osteopathy) and in 50 % of animals
of the groups I and II. Bone material was fixed immediately after sampling
in 10 % formalin. The bone material was decalcificed in a usual way. The
material was then embedded into paraffin and from the tissue blocks
histological sections (6 um) were prepared, then stained by azan and
hematoxylin-eosin and then microscopically examined.

Results

No symptoms of the disease were observed applying clinical
examination methods in cows from the group I and II. In
animals of the group III, a varying degree of apathy, good
to less good nutritional condition, anorexia, slow-down
of rumen motility; rigid posture and wood-biock gait,
shifting from one leg to the other, difficult getting up,
long kneeling on carpal joints, long to permanent (in some
animals) recumbency.

The results of biochemical examination are presented in
Tables 1 - 4.

Histological examination

- Histological examinations were Kkindly carried out at the
Department of Anatomy, Histology and Embryology. For
histological diagnosis of osteopathies the following structures
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are .important: growth cartilage (growth zone; in animals
up to 5 - 6 years of age) and spongy bone of the iliac
tubercle itself and of the ala ossis ilii.

In all histologically examined bioptic osteosamples of the
group I cows the histological finding was normal and
characterized by the following signs:

Growth zone:

On proximal border the presence of endochondral
ossification centres, on distal border a continuous
ossification zone (erosion line), simultaneously the formation
of primary marrow cavities (chondrolytic activity),
straight-oriented trabeculae, the resorption of oriented
trabeculae and mineral deposition into the osteoid was also
observed.

Spongy bone:

Ground substance of trabeculae mineralized and arranged
into lamellar systems, lamellar systems separated from each
other by layers of ground refractive bone substance, weak
resorption of the primary spongy tissue and formation of
small cavities, trabeculae stained regularly and composed
of individual, with their surface in parallel coursing lamellae
and bone cells.

In cows of the group II/1 following changes were found :

Growth zone:

Prolongation of the cartilage columns, straight-oriented
trabeculae deformed, partial absence of primary spongy
tissue, on metaphyseal margin irregular demarcation of
the cartilage.

Spongy bone:

Osteoid borders on the surface of individual trabeculae
(osteoid borders are characterized by a changed structure
of ground substance with an absence of minerals), partially
perilacunar osteoid areas (impaired mineralization also inside
the trabeculae in the vicinity of cavities and bone tubules),
clear lamellar structure in bone tubules sporadically. The
changes were assessed as pathognomonic for osteomalacia.
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Table 3

Statistical evaluation of the results of t. coxae spongiosa chemical
analysis in cows: I - clinically healthy cows, nutrition corresponds
to requirements; II/1 - II/4 - clinically healthy cows, deficient
nutrition; III/1, 2 - with clinical signs of osteopathies
( - insignificant, + significant, + highly significant)

I II/1 11/2 I1/3 I1/4 III/1 I11/2
Ash/g FFDM ++ + - - + +
Ash/cm3 + + + + + +
Ca/P + ++ ++ + + ++
Table 4

Comparison of average values of ash/g FFDM and FFDM/cm3
expressed in per cent, cows: I - clinically healthy, nutrition corresponds
to requirements; II/1 - II/4 - clinically healthy, deficient nutrition;
III/1, 2 - with clinical signs of osteopathies

Group Characterization Clinical Ash/g FFDM FFDM/cm?
of feed rations condition
I balanced healthy 100.00 100.00
II/1 P deficiency helthy 96.84 96.57
I1/2 . P deficiency
Ca excess ’ healthy 91.00 84.71
I1/3 deficiency
of Ca, P and healthy 98.53 74.13
nutrients
II/4 acidogenic,
broad nutrient healthy 90.66 80.20
ratio
I1I/1 acidogenic, symptoms
broad Ca/P of skeleton 83.80 73.58
ratio disease
I1I/2 deficiency symptoms
of Ca, P and of skeleton 101.88 61.46
nutrients disease
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In most of the histological preparations of the subgroup
II/2 and II/4 cows these changes were observed:

Growth zone:

Prolongation of cartilage columns, straight-oriented
trabeculae deformed, partial to complete absence of primary
spongy tissue, on metaphyseal margin irregular demarcation
of cartilage, presence of tongue-like projecting fragments
of the cartilage into metaphyses.

Spongy bone

Presence of osteoid margins on the surface of individual
trabeculae, partially perilacunar osteoid areas and clear
lamellar structure in the bone tubules, trabeculae narrower
and less frequent. Found changes were assessed as patho-
gnomonic for malaco-porotic process.

The changes observed in cows of the subgroup III/1
were of the same character as those in the subgroups II/2
and II/4, being, however, more pronounced. Especially
the osteoid margins were broader, the finding of perilacunar
osteoid areas was regular as well as the clear lamellar
structure in the bone tubules.

In animals of the subgroup II/3 and III/2 a qualitatively
identical histological finding was demonstrated. The changes
in the subgroup III/2 were assessed as more pronounced.
Osteoporosis of bone substance (narrow trabeculae and
a reduced number of them) was characteristic. The changes
were assessed as pathognomonic for osteoporosis.

Discussion

Clinico-biochemical examination has shown that the
response of the organism to mineral deficiency and to other
factors in the feed ration varies greatly. Although the
shortcomings in the nutrition of group II and III cows were
relatively severe, they were not reflected in the indices
obtained from blood plasma and urine.

Biochemical findings in blood plasma and urine (Tab. 1)
were, with the exception of the subgroup II/4 (Ca and
inorg. P concentration in wurine) and the subgroup III/2
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(ca concentration in blood plasma), within the reference
values (J a go S etal. 1975a, 1981a).

The values of ash found in the group I (Tab. 2) exceeded
the values presented in literature as marginal values from
the viewpoint of the difference in physiological and
pathological course of osteogenesis. P riboth et al.
(1972) and P riboth (1976, 1978) have reported the

ash value of 620 mg and 616 mg.g-l, resp., of FFDM of

the t. coxae spongy bone and the ash value of 220 mg’.cm-3
of fresh spongy tissue as the lower limit for the assessment
of skeleton of healthy dairy cows. C e r ny (1977, 1980)

regards the ash value of 600 mg‘.g-1 of FFDM, based on
histological examination of t. coxae biopsy samples of dairy
cows, as the value determining physiological level of skeleton
mineralization. J a g o § et al. (1978) give the ash values

of 620 mg.g'1 of FFDM and 200 mg’.cm"3 of t. coxae spongy
matter as the critical limit for health and high milk yield.

Results of the ash determination in the group I are in
accordance with the findings of similar examinations carried
out by Priboth et al. (1969), Seffner and
Priboth (1969), Koni (1979), Priboth
and Koni (1980) and by us (Ja g o § etal. 1981b).

Also the morphological structures of bioptic osteosamples
were classified as typical of a healthy animal.

From the highly significant decrease of the ash value
in 1 g of FFDM (Tab. 2 and 3) of subgroup II/1 cows
(clinically healthy cows, P deficiency in feed rations) can
be concluded that a disturbance in the ratio of bone mineral
and organic matrix occurred on behalf of bone mineral.
This may be interpreted by the fact that the skeleton
mineralization in cows of the subgroup II/1 did not reach
the level of the control group.

The percentage of the ash/g of FFDM value was found
to be almost identical with. that of FFDM/cm3 (Tab. 4).
From the actual expression of both these parameters it
follows that the decrease in relative value of FFDM/cm3
was caused almost exclusively by the decrease in mineral
substance content. Also the observed ash value in 1 cm?
(Tab. 2 and 3) is in accordance with this finding.
Histological examination of bioptic osteosamples revealed
signs of impaired mineralization (particularly the
demonstration of osteoid margins).
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Significant broadening of the Ca/P ratio in ash reflects
the situation in the saturation by these elements in animals
of this subgroup. From the significant decrease of the Ca
values and highly significant decrease in the P values in.
1 g of FFDM and in 1 cm3, and also from the significant
broadening of the Ca/P index, it follows that the decrease
of P in ash was relatively more pronounced.

The values found in the subgroup II/1 are corroborated
by the results of Vrzgula (1970) according to which
the skeleton  mineralization could cease when the
concentration of P becomes low. This should not, however,
mean that the mineralization degree is determined by the
P availability only. Mineralization processes 1n skeleton
are dependent on more factors out of which Ca and P are
the most important. The degree of their metabolism
disturbance then determines the character of changes in
the bone marrow (impairment of. mineralization, increased
osteolysis).

In the nutrition of cows of the subgroup II/2, the
increased availability of Ca and decreased supply of P in
the feed ration was characteristic.

Long-term excessive supply of Ca in the feed ration has
not, however, shown itself by its level in the blood plasma,
urine and t. coxae spongy tissue content (Tab. 1 and 2).
Alteration in the chemical composition of the t. coxae spongy
tissue was, however, more marked in this subgroup than
in subgroup II/1. Highly significant drop was demonstrated
in values of ash, Ca and P in 1 g of FFDM and in 1 cm3.

It follows from the highly significant broadening of the
Ca/P ratio and from the highly significant decrease in values
of Ca and P (Tab. 2 and 3) that a more evident decrease
occurred in phosphorus. Apart from the disturbance of
the proportion between the inorganic and organic phase
of the spongy tissue (parameter - ash/g of FFDM) a higher
resorption of spongy substance (parameter - ash/cm3) also
occurred. This interpretation is corroborated, apart from
the percentage value of ash in 1 g of FFDM, also by the
value of FFDM/cm3 which amounted only to 84.71 % of the
average value of the control group (Tab. 4). Higher degree
of demineralization was also apparent from histological
findings.

Literature data on the influence of excessive Ca supply
upon skeleton of heifers and dairy cows differ. I11le k
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et al. (1977) found in dairy cows an adverse effect of a
slight excess of Ca in feed ration (while P met the
requirements) on skeleton mineralization. On the other hand,
Zetterholm (1978) demonstrated a positive effect
of an increased Ca availability on bone mineralization.
Hallac et al. (1970), Legel (1972, 1973) and
Dabrowski et al. (1973) found no effect of
increased absorption or Ca supply on skeleton. The
explanation of differences between our results and those
of the above mentioned authors could be found in different
methods used and material investigated.

It can be assumed that the cause of the increased
osteolysis in cows of the subgroup II/2 could lie in an
excessive Ca intake. According to S chmidt et al.
(1974, 1975) the decrease in osteoblast activity has to be
taken into account when an excess of Ca occurs. H a a s
et al. (1975) vreported that when excessive Ca was
continually available, secondary Ca deficit could also occur
due to secondary excess of calcitonin. Also Ramberg
et al. (1975, cit. Fichtner 1978) support the
hypothesis based on several causes, the main cause being
perhaps an increased bone resorption. These authors
observed that the Ca absorption represented 40 - 50 %
of orally taken amount. It asymptotically decreases with
the increasing intake. In this way induced secondary Ca
deficit causes an increased parathormone secretion and
thus the stimulation of a more intensive bone resorption.

The found P deficiency in feed rations contributed
undoubtedly to the character of changes in the chemical
composition of t. coxae spongiosa. According to
Dammrich (1970) the disturbance in the collagen
synthesis can occur due to the P deficiency as was indirectly
shown by the found value of ash in 1 cm3 and directly
by a percentage value of the FFDM/cm3 index.

The subgroup II/3 was represented by cows from one
herd in which nutrition was deficient in all studied
parameters. The results of the chemical analysis of t. coxae
spongiosa (Tab. 2 and 3), compared with the group I,
point to an unchanged ratio between the inorganic and
organic portion of the spongiosa. The mineralization process
of the present organic matrix was thus not impaired (ash/g
of FFDM index). Highly significant decrease in the ash
value in 1 cm3 of spongiosa shows, however, that resorption
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processes prevailed in the skeleton. Histological examination
of biopsy samples of t. coxae revealed osteoporosis.

The decrease of ash content in 1 cm3 was so great that
its elimination without the organic substance resorption
was practically excluded. Indeed, the portion of FFDM/cm3
of spongiosa reached the value of 74.13 % only (Tab. 4)
compared with the controls.

In etiopathogenesis of porotic condition of the bone tissue
in the subgroup II/3, the Ca and digestible nitrogen
substances deficit in feed rations probably asserted itself
in a decissive way. Deficiency of digestible nitrogen
substances and particularly of Ca could promote the start
of osteoporosis (Priboth etal. 1968; Vrzgula
and B artko 1982 and others). The found deficiency
of starch wunits in feed rations need not stay without
response to the skeletal system, too,since for the formation
and maturation of collagen the energy availability is
important as well. From the energy and protein deficiency,
osteoblastic osteoporosis can arise (Fichtner 1978,
1981). '

Highly significant decrease in Ca and P values in 1 g
of FFDM and in 1 cm3 and significantly narrowed Ca/P
ratio in ash of the subgroup II/3 demonstrate first of all
the more marked lowered Ca supply in feed rations.

High actual and potential acidity of feed rations
represented the definite cause of the observed condition
in the subgroup II/4. Also the results of acid-base
examination of blood correspond to this finding. The increased
urine. Ca and inorg. P excretion demonstrates this
characteristics of feed rations as well.

The results of the examination of t. coxae spongiosa in
the subgroup II/4 (Tab. 2 and 3) show the metabolic
disturbance of the bone tissue of these cows. As a result
of acidosis, a disturbance in the proportion between the
bone mineral and organic portion (acidogenic
demineralization) occurred - the ash percentage in 1 g
of FFDM was 90.66 % compared with the group I (Tab. 4).

As indicated by our data and statistically treated Ca
and P values and their mutial ratio (Tab. 2 and 3) that
phosphorus participated relatively more in the decrease
of ash weight. In animals of the subgroup II/4 the
resorption also increased which is demonstrated by highly



44

significant decrease in the ash value in 1 cm3 and by a
percentage value of FFDM/cm3 (Tab. 2, 3 and 4).Also the
histological picture corresponded to the chemical analysis.

The result of the spongiosa sample examination in the
subgroup II/4 corresponds with the examination carried
out by Lachmann and Siegl (1973),
Siegl (1974), Priboth (1976) and R os s ow
and Fichtner (1977) which revealed the stimulation
of osteolytic processes when acidosis was present.

For the whole group II a negative result of the aimed
clinical examination is characteristic; the results of blood,
blood plasma and urine analyses are also, with the exception
of acid-base examination of blood and Ca and inorganic
P concentration in urine in the subgroup 1I/4, within the
limits of reference values (J a g o § et al. 1975a, 198la).

Besides the deficiencies in nutrition, the decrease in
performance and the occurrence of clinical cases of diseases
of skeletal system were observed in animals.

Chemical analysis of t. coxae spongiosa revealed
significantly or even highly significantly lowered values
of followed parameters (ash, Ca and P) compared with the
control group. The values of ash are also found below the
values presented as marginal ones from the viewpoint of
the evaluation of physiological and pathological course of
bone metabolism, the exception being the ash value in 1l g
of FFDM in the subgroup II/3 and the ash value in 1 cm3
in the subgroup II/1 (Priboth et al., 1972,
Priboth 1976, Jago$§ etal. 1978, 198la). When
compared with the value of 600 mg.g ~, found by Cerny
(1977, 1980) as the value limiting physiological mineralization
it is necessary to take into account that this value was
determined on the basis of histological examination of bioptic
osteosamples of dairy cows sufferring from subclinical form
of metabolic osteopathy when the ash values are lower;
even when the values of this parameter are lowered the
histological findings may be negative.

The tendency in the ash value variation in 1 g of FFDM
and in 1 cm3 in individual groups corresponds with the
results of similar examinations carried out by Priboth
et al. (1969), S effner and Priboth (1969),
Wujanz and Lachmann (1972), Seffner
and Wujanz (1973), Priboth (1976, 1978),
Koni (1979), Priboth and Koni (1980) and
Jagos§ etal. (1981b).
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Histological examination of bioptic osteosamples demonstrated
characteristic changes in assessed morphological structures.

Based on the evaluation of the results of clinico-biochemical
and histological examination of bioptic osteosamples of the
group II cows the disturbance in health condition of these
animals could be characterized as subclinical form of
metabolic osteopathy. In cows of the subgroup II/1 the
changes in the bone tissue were assessed to be malacic
(subclinical osteomalacia), in cows of the subgroup 1I/2
and II/4 as malaco-porous (subclinical mixed osteopathy
- osteomalacia/osteoporosis) and in cows of the subgroup II/3
as porous (subclinical osteoporosis).

Group III included cows with the clinical syndrome of
the skeletal system disease. Although the clinical finding
was substantially identical in both subgroups chemical and
histological examination of t. coxae biopsy samples gave
different results in both subgroups III/1 and III/2.

Results of the blood, blood plasma and urine examination
(Tab. 1) revealed only mild hypocalcemia in the
subgroup III/2, other investigated parameters being within
the limits of reference values (Jagos§ et al. 1975a,
1981a).

The values of bone ash (Tab. 2) remained deeply below
the limit values given by Priboth et al. (1972),
Priboth (1976, 1978) and Ja g o § et al. (1978),
the only exception being the ash value in 1 g of FFDM
in the subgroup III/2.

Results of chemical analysis of t. coxae spongiosa in
the subgroup III/1 (Tab. 2 and 3) showed not only a
strongly disturbed ratio between inorganic and organic
phase of the bone tissue but also a considerable decrease
of minerals related to volume. Marked disturbance of skeleton
mineralization and more intensive degradation of bone tissue
observed in this subgroup were demonstrated also by data
presented in Tab 4. These findings were also confirmed
by histological examination of bioptic osteosamples. Highly
significant decrease of Ca and P values in 1 g of FFDM
and in 1 cm3 and highly significant narrow Ca/P ratio point
to a more pronounced Ca decrease.

The ash weights found in the subgroup III/1 correspond
with the results of Priboth et al. (1969),
Seffner and Wujanz (1973), Priboth
(1976) and J a g o § et al. (1981b).
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Practically undisturbed ratio between the mineral mass
and organic portion is apparent from the results of t. coxae
spongiosa chemical analysis. The percentage of bone mineral
was found to be even significantly higher than in the
group I (Tab. 2, 3 and 4). Substantial decrease of minerals
in a volume unit requires, however, also the loss of organic
substance and thus of whole spongiosa. This presumption
has also been confirmed by a low relative value of FFDM/cm3
(Tab. 4). It means, as it was also confirmed by histological
findings, that the porotic process became prevalent in the
spongiosa.

In accordance with the theory of Nordin (1961)
on the origin of osteoporosis, hypocalcemia, markedly
decreased weight of bone Ca and highly significant
narrowing of the Ca/P ratio (Tab. 1, 2 and 3) were
demonstrated. From the viewpoint of etiology the found
deficiency of digestible nitrogen substances and of starch
units could also play a role (Priboth et al. 1968,
Fichtner 1978, 1981 and others). The values of
ash in 1 g of FFDM and in 1 cm3 in the subgroup III/2
are in accordance with the results observed by
Priboth (1976, 1978). '

Based on the evaluation of the clinico-biochemical and
histological examination of t. coxae biopsy samples the
disturbance in the subgroup III/1 cows could be diagnosed
as a clinical form of mixed metabolic osteopathy
(osteomalacia/osteoporosis) and in cows of subgroup III/2
as clinical osteoporosis. The investigated parameters could
be used for a timely objective diagnosis and differential
diagnosis of osteopathies in dairy cows.

Casnéd diagnostika metabolickych onemocné&ni skeletu
u dojnic

V ramci prohloubeni preventivni diagnostiky osteopatii
u skotu bylo provedeno v pribéhu zimniho obdobi kom-
plexni sledovani zdravotniho stavu u 195 krav ze 16 vel-
kochovii a 37 klinickych pacienti. Byla zkoumédna diagnos-
tickd prikaznost vybranych klinickobiochemickych uka-
zateli pri rdznych formach metabolickych onemocnéni skeletu
u dojnic.

Na zakladé provedeného komplexniho vySetreni lze konsta-
tovat, Ze stanoveni koncentraci Ca a anorg. P v krevni
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plazmé a moéi nemd pro c¢asnou diagnostiku metabolickych
onemocnéni skeletu dojnic, tj. v latentnim, event. prodro-
malnim stadiu onemocnéni podstatny vyznam. Ukazatele sta-
novené chemickou analyzou bioptdti 2z tuber coxae krav
s riznymi formami osteopatii, vyvolanymi nedostatky ve
vyzZivé, vykdazaly charakteristické rozdily ve srovnéni s kon-
trolnimi zviraty a byly patognomonické pro procesy probiha-
jlei ve skeletu. Toto zjiSténi bylo potvrzeno histologick¥m
vySetrenim osteobioptati.

Zhodnocenim vysledkl chemické analyzy spongiozy t. co-
xae byla prokizédna vyuzitelnost stanoveni hmotnosti popela
v 1 g tukuprosté suSiny, hmotnosti popela v 1 cm3 a déle
indexu Ca/P v kostnim popelu v diagnostice rdznych forem
metabolickych osteopatii u krav. Histologické vySetreni neni
z hlediska ¢&asné diagnostiky metabolickych osteopatii krav
nezbytné, lze jim vSak pripadné diagnosticky zavér podpo-
rit. Lze konstatovat, Ze stanovenim hmotnosti popela v 1 g
tukuprosté suSiny je moZné jiZ v latentnim, popr. prodro-
malnim stadiu onemocnéni diagnostikovat ve skeletu malatické
procesy. Stanovenim hmotnosti popela v 1 cm3 spongiozy
procesy porotické. v ramci diferencidlni diagnostiky lze sta-
novenim indexu Ca/P v kostnim popelu poruchu dale specifi-
kovat.

CBOEBpPEMEHHBI OMArHO3 MeTabOoJIMYeCKHX 3aboJIeBaHUH
ckKeJjieTa HOONHBIX KOPOB

B paMkax yrny6iyieHHs IIpoduakTHUUEeCKOM IOHAarHOCTH-
KM OCTeONaTHH KPYINHOI'O pOraToro CKOTa B 3HUMHUH
[Iepuol IPOBOIMUIIN KOMIIJIEKCHbBIE MHCCJIeOOBAaHUSI COCTOS-
HHA 300poBbA 195 KOpOB M3 16 KPYIHBIX KOPOBHHUKOB
B 37 KJIHHHYECKHX IIalMeHTOB. YCTAHABJIHWBAJIK OUAarHOC-
THUECKYI0 [OOKA3aTeJIbHOCTb HM36pPaHHBIX KJIMHHKO-6HO-
XUMHUYECKHX TIIoKas3aTeJIeH IIpH HAJIHUMK pa3HbeX (opM
MeTaboNMYEeCKHUX 3a60JIeBAHHH CKeJjleTa OOMHBIX KOPOB.

Ha OCHOBe BHIIOJIHEHBIX KOMIUIEKCHBIX HCCJIeOOBaHUM
MOXHO CHOEJIaTh BHIBOL, YTO ONpenesyiIeHHe KOHLEeHTpalHui
Ca ¥ HeopraHMuyeckoro P B KpOBSHOH IJjla3sMe H Moue
He HrpaeT IJIS IIOCTAHOBKH CBOEBPEMEHHOTO [nOuarHosa
MeTaboNIMUeCKHUX 3aboJIeBaHUI cCKeJleTa [MHOOMHBIX KOPOB,
T. €. Ha CKpPBHITOH WM NPONOPMAJILHOHM CTAaOUsAX 3abolie-
BaHHUsA, CYWECTBEHHOH ponu. IlokasaTesnu, onpeneseH-
Hble XHMHYECKHM aHaJIN30M 6HOINTATOB M3 tuber coxae Ko-
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POB C pa3HeMH (OpMaMH OCTeOIlaTHH, BbI3BAHHBIMH He-
OOCTATKOM IIHTAHUSA, OTJIMYAJIMCh XapaKTepHbM pac-
XOKOEHHEM IO CPaBHEHHUI0 C KOHTPOJIBHBIMH XHUBOTHBIMH
M TATOCHOMOHHYHOCTBI IUIi I[POTeKaolHX B CKeJleTe
npoueccoB. JlaHHble Pe3yJIbTaThl O6bUIM ITOATBEPXOEHbI
CUCTOJIOTHYECKHUM HCCJIeOOBaHHEM OCTEO6HONpPaTOB.

OLleHKON pe3ynbTaTOB XHMHYECKOI'O aHajii3a CIOHTCHU-
o3a t. coxae 6bUla YCTAHOBJIEHA IIPUMEHHMOCTH olNpene-
JIEHUSI MacChl 30JIl B 1 I' O6E€3XHPEHHOrO CYXOro Be-
mecTBa, Macchl 30Jibl B 1 M3 M HHOekca Ca/P B KOCTHOH
30Jle IpPH »OHATUHO3e pPa3HbIX ¢opmM MeTabonHUECKHUX
ocTeonaTHH  KOPOB. I'HCTOJIOTMYEeCKHEe  MCCJIeOoOBaHHUsA
< TOYKM 3pEeHUss CBOEBpPEeMEeHHOH IOHATUHOCTHUKH MeTaboJiu-
YeCKHX OCTEeOIlaTHH KOPOB HE SABJIANTCS HEOH6XOOHMOCTHIO,
OOHAKO C MX TIIOMOMmMbI0 MOXHO IIOOKPENUTh JOUATHOCTH-
yeckHe BbIBOObl. ClienyeT OTMETHUTBb, UTO onpenesieHHueM
MacChl 30JIti B 1 r O6e3XHPEHHOrO CYXOro BelleCcTBa
MOXHO YXe Ha CKpbITOH MJIM IIPOOOPMAaJILHOM CTalluaX
3aboneBaHUss B CKeJleTe OUACHOCTHPOBATBH 6OJIe3HEHHbIE
rnpoueccel. OnpenesieHUeM Maccbhl 30Jibl B 1 uM3 ryéua-
TOrO BellecTBa - I[IOPOTHYECKHe IIpollecchl. B paMkax
ouddepeHINATILHOR IOUACHOCTHKH MOXHO 60Jlee YTOUYHHTH
HapylleHHe olpeneJyieHueM HHIOekca Ca/P B KOCTHOH 3o0Je.
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