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The evaluation of bone turnover using a bone biopsy technique is
essentially a method that depends on taking a sample from a single
area of the skeleton and comparing values for tissue formation and
resorption with those from samples taken from the same area in
another animal or individual. From the comparison, inferences can
be made of the relative metabolic status of bone tissue in the two
animals. Bone sampling has been used to measure bone turnover in
normal persons or animals of different ages, and the information is
used as a basis for comparison with abnormal material to allow
characterization of the abnormality (Barer & Jowsey 1967, Beck &
Nordin 1960, Jowsey 1966 b, Jowsey et al. 1965 a, Lee 1965, Riggs et al.
1965, Smeenk 1961, Stanbury 1961, Villaneuva et al. 1966).

The validity of such a method depends on the assumption that a
sample is representative of the rest of the skeleton. Although the
values obtained from a single bone sample need not be identical with
the values found in that tissue throughout the body, there should be
high correlation between different sites. In this way, from a single
biopsy specimen, a prognosis can be made regarding the metabolic
status of the rest of the skeleton. The significance of differences
between values depends on the variations found in normal material
and within one sample.
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Read at the meeting of the Orthopaedic Research Society, Chicago, 19 January
1968.



BONE FORMATION IN DOGS 709

The purpose of this experiment was to study bone formation at
different skeletal sites in dogs known to have different metabolic
conditions and to find out if unpredictable variations between sample
sites of the same animal or variations between normal animals are
small enough (when compared with real differences between groups
of animals having different metabolic activities) to allow a sampling
technique to be a valid method for evaluating and comparing skeletal
metabolism.

MATERIALS AND METHODS

The experimental animal was the adult dog. Roentgenographic evidence of closure
of the epiphyseal plate was established before the dog was included in the experi-
ment, Three groups were studied: Group 1 consisted of five dogs that had been
thyroparathyroidectomized 1 to 2 months before the beginning of the experiment
(these dogs were expected to have low values for bone formation and resorption).
Group 2 was the control group and consisted of five normal dogs, and Group 3
consisted of five postparturition and postlactation female dogs. (These animals
were assumed to have a high bone turnover.)

Radioactive calcium (45Ca) was given intravenously in a single injection, 50 to
200 uc/kg body weight, and the dogs were sacrificed 48 hours to 7 days later.

.
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Figure 1. Skeletal sites studied in three representative dogs of
different metabolic states.



710 VU VAN NGUYEN & JENIFER JOWSEY

Figure 2, Skeletal sites studied in all dogs.

From one dog in each group, bone sections were taken from 33 different sites of
the skeleton. These samples were taken from representative areas of the body, in-
cluding both cortical and trabecular hone (spinal column, ribs, iliac crests, long
bones of the anterior and posterior limbs; for details, see Appendix and Figure 1);
comparable samples were taken from the left as well as the right side of the body.
From the remaining animals in each group, samples were taken only from the iliac
crest, rib, and the diaphysis and metaphysis from both the femur and tibia (for
details, see Appendix and Figure 2), Since these sites were also studied in the three
representative dogs, they were common to all animals of the three groups.

The bone samples were embedded in methacrylate, and three sections were cut
from each bone sample (Jowsey et al. 1965 a). The sections were exposed on type A
autoradiographic plate long enough to produce an autoradiograph of suitable
density. After development, magnified prints were made of the autoradiographs,
and the amount of bone formation was assessed from these pictures by measuring
the areas of high uptake of 45Ca. Such areas were considered to represent the
calcification of new bone and therefore to represent bone formation if the density
was clearly greater than that of the diffuse uptake of 4Ca. Measurements were
made in the following manner: The number of small osteons showing concentrated
uptake of 45Ca were counted; these are the so-called hot-spots. The length of all
measurable surfaces with high density in the autoradiograph was assessed with a
map measurer. Previous data have shown that the average perimeter of an Haver-
sian canal in dog is 100 4 (Jowsey 1966 a). Therefore, the length of the active
surface in all small osteons can be obtained by multiplying the number of hot-
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spots (N) by 100 4. This figure was added to the length of all surfaces of high
specific activity (L), and the sum represented the value for the length of all
surfaces in that section undergoing bone formation, The area of the bone sample
(S) was then measured with a planimeter, and bone formation was expressed in
terms of length per unit area of the section (mm/cm?2?). Thus,

(N/10) + L
—_—

The values for the three sections were averaged, and the results between different
skeletal sites in each animal, different animals in each group, and different groups
were compared. The data were pooled from each similar skeletal site for computing
correlations and the significance of differences; for example, iliac crest refers to
values from the right and left anterior and the right and left posterior aspects of
the iliac crest (see Appendix),

Bone formation/unit area =

RESULTS

The autoradiographs of the sections of labeled bone showed distinct
areas of high density. In some skeletal sites, such as the iliac crest
and rib, there was an obvious difference in the number of areas of
concentrated uptake of +Ca (Figure 3).

Analysis of Bone Formation in the Three Representative Dogs
in Each Group

Results obtained for bone formation per unit area were first com-
pared between the three representative dogs in each group. First, 14
different pairs of data were compared, a value from the right side
and one from the left side in the same area in the bone constituting
the two values in each pair. The results show a high positive correla-
tion between such pairs (Table 1).

Figure 3. Autoradiographs of cross-sections of a rib from each of three represen-
tative dogs in each group show variation in number of hot-spots. A, Group 1,
hyperactive; B, group 2, control; C, group 3, hypoactive (all X 11).
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Table 1. Correlation from left to right sides in all sites in the three
representative dogs

Dog N r t df
Hyperactive 14 0.920 8.133 12
Control : 14 0.941 9.665 12
Hypoactive 14 0.973 14.634 12

Table 2. Bone formation* per unit area in the three representative dogs

Spinal - Long hones
. ac
Dog columnt Rib¥ crestt Diaph- Metaph-
ysis§ ysis§
Hyperactive 116.0 153.0 142.0 43.7 57.9
+40.0 +10.5 +13.0 +2.6 +7.6
Control 22.6 86.1 84.0 10.9 16.8
+7.9 +17.3 +18.0 +2.5 +4.1
Hypoactive 15.8 22.2 30.4 6.7 10.3
+5.5 +1.3 +5.6 +0.7 +0.7
* Mean * SE,

4 Values represent pooled data from all sections in this site (see Appendix).

§ Diaphysis = pooled data from femur, tibia, humerus, radius, ulna, and meta-
tarsals; metaphysis = pooled data from femur, tibia, humerus, radius, and ulna
(see Appendix),

Next, a comparison was made in these same three dogs between
the amount of bone formation in different sites in the skeleton (Table
2). The rib and iliac crest consistently showed the highest activity
in all three groups, whereas the long bone diaphysis, not surprisingly,
showed the lowest activity in all three animals. Considerable differences
were found in bone formation between the three animals; the ratio
was as high as 4 to 1 between the hyperactive and the normal dog
and up to 2.5 to 1 between the normal and the hypoactive dog. The
t-test was applied to paired data; each pair consisted of the bone
formation value in the same skeletal site in the hyperactive and in
the control dog, or in the hypoactive and control dog. The test
establishes whether real differences exist between the different groups
of animals, whatever site was chosen. The results in Table 3 show
that in all skeletal sites the hyperactive dog was significantly different
from the control dog (95 and 99 per cent confidence levels). In the
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Table 3. Comparisons* for similarity or dissimilarity between the three
representative dogs

Control versus Control versus
Skeletal site N hyperactive dog hypoactive dog
T value P value T value P value
Spinal columnt 3 2.80 <.05 0.87 <.5
Ribt 4 6.03 <.01 9.93 <.01
Iliac crest} 4 3.02 <.05 3.28 <.05
Long bones
Diaphysis§ . 12 9.49 <.01 1.70 <1
Metaphysis§ 10 5.01 <.01 1.68 <1

®* With control group (t-test).
t The data consist of pooled values for all sections in this site (see Appendix).

§ Diaphysis = pooled data from femur, tibia, humerus, radius, ulna, and meta-
tarsals; metaphysis = pooled data from femur, tibia, humerus, radius, and ulna
(see Appendix).

comparison between the hypoactive and the control dog, the spinal
column and long bones did not show significant differences; the con-
fidence levels were 50 and 90 per cent, respectively. However, the rib
and iliac crest showed a significant difference at the 95 and 99 per
cent confidence levels, respectively. At all sites, bone formation in the
hypoactive dog was significantly less than that in the hyperactive dog.

Analysis of Bone Formation in All Dogs in the Three Groups

An analysis was carried out in all dogs in the three groups in which
bone formation in a single site was compared with other sites in the
same skeleton. The site chosen was the iliac crest. This was compared
with rib and tibial and femoral metaphyses and diaphyses. The bone
formation values demonstrated a small randomization frequency
(P < .01). There was a high correlation (r = 0.951) betwcen rib values
and iliac crest values in the same animal (Figure 4). The bone forma-
tion values in the long bones showed a somewhat lower but, never-
theless, a high positive correlation; the metaphyses had a higher cor-
relation with iliac crest (r = 0.826, femur metaphysis; r = 0.827, tibia
metaphysis) than the diaphyses (r = 0.780, femur diaphysis; r =
0.737, tibia diaphysis).
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Figure 4, Correlation of bone formation at different skeletal sites in dogs in differ-

ent metabolic conditions. Different sites are compared with the iliac crest. Note
that data are plotted on log:log paper.

DISCUSSION

The use of #+Ca as a label for the deposition of mineral in newly
formed bone is now well established. Concentrated uptake of the
isotope has been associated with unequivocal evidence of tissue de-
positions, such as the presence of osteoid and double labeling with
tetracycline (Harris et al. 1962, Lee et al. 1965, Marotti & Marotti 1965,
Marshall et al. 1959 a, Marshall et al. 1959 b, Strandh & Bengtsson
1961). Careful autoradiographic studies of bone from animals killed
at different times after injection of the +:Ca have indicated that after
24 hours the majority of concentrated isotope deposition is associated
with formation, rather than short-term exchange on surfaces (Row-
land 1966). Therefore, the basic premise of this report is valid: Con-
centrated deposition of ¢Ca occurs in areas of mineralization of new
bone and linear measurements of such areas visualized autoradio-
graphically are a measure of bone formation.

Evaluation of skeletal metabolism by biopsy methods rests on the
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same assumption as many pathologic methods in which a small piece
of tissue is examined and a diagnosis that refers to the whole organ
is made. The skeleton is unquestionably more variable in its metabolic
activity from one area to another than most organs of the body. Those
variations that are found do not, however, have to be considered as
sampling errors, since these variations are predictable, within rea-
sonable limits, from one site to another. The results reported here
show a good correlation between the different sites in the same
skeleton (r > 0.737 for all sites studied). Therefore, the same areas
can be compared in different skeletons; and if the relationship between
the sites is known, different sites in different skeletons can be com-
pared. Areas of low tissue turnover, such as the diaphyses of long
bones, are unsuitable for evaluating conditions of low bone turnover,
such as hypoparathyroidism.

The data obtained on rib material in these animals indicated that
the rib is a valid site for biopsy because it showed clearly differentiated
changes in different metabolic conditions that correlated well with
the iliac crest. This has not been the invariable experience with
measurements of bone resorption in man, particularly in older age
groups, possibly because the rib contains small amounts of bone tissue
and ceases to represent the skeleton after a certain amount of tissue
has resorbed (Barer & Jowsey 1967). In other skeletal areas, the
information obtained supports the conclusions derived from studies
in man: That the iliac crest, containing a representative amount of
cortical and trabecular bone, is the most suitable area for biopsy
(Jowsey 1966 b), whereas diaphyseal bone is the least active and only
shows difference after intensive changes in metabolism.

Previous investigations regarding the variations in bone formation
in dogs have utilized the uptake of tetracycline. Amprino & Marotti
(1964) and Jowsey et al. (1965 b) studied dogs ranging in age from
2 to 36 months, and they showed large variations in bone formation
from animal to animal. However, the results appeared to be con-
sistently different and therefore predictable. Harris et al. (1967) have
shown the importance of variations in the site of sampling in growing
animals, and it is evident that the error incurred in sampling, in
animals that are increasing in skeletal size, or in the remodeling phase
which follows the growth period is greater than in adult animals in
which all bone turnover related to growth has ceased. In this context,
Amprino & Marotti’s (1964) data have indicated that a dog must be
at least 18 months old before this state is achieved. In our opinion,
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a dog must be 214 years old before the skeleton is considered to be
adult (Jowsey et al. 1965 b), and the sampling error reasonable.

Most investigators who have used the biopsy method for evaluating
bone metabolism in man have been interested in metabolic changes
that are large compared with the variations found in their control
group. Evaluations may be merely visual estimations of porosity (Van
der sluys Veer et al. 1964) or may be quantitative measurements of
bone surfaces involved in bone formation judged by tetracycline
labeling (Lee 1965, Marotti & De Lena 1966, Villaneuva et al. 1966),
histologic methods (Riggs et al. 1965, Stanbury 1961), or microradiog-
raphy (Marshall et al. 1959 a, Smeenk 1961). The last two methods
supply information derived from measuring bone resorption as well
as bone formation.

In this study it was possible to produce dogs with variations in
skeletal metabolism comparable to those found in most human meta-
bolic bone diseases. The results show that variations from group to
group were larger than variations from site to site or from left side
to right side. Harris et al. (1967) have reported data on three animals
in which they made careful and extensive measurements of bone
formation using tetracycline deposition. The animals were all normal

I
ONormal
@ Abnormal

28
24

7 20 *

16

° °
12 °
3t A 8 o0 °
o BRI R0
2 0 0
Figure 5. Bone resorption values in age-matched normal and abnormal rib biopsy
specimens., Left panel shows variation found in normal material (mean * 18D).

Right panel shows same data plotted with data from known cases of bone-losing
disease. Note that values are higher for resorption.

T T 1
]
]
]
]

T

Per cent tolal surface
H
T




BONE FORMATION IN DOGS 717

and demonstrated the variations to be expected in such a group. A
variation was also found in the dogs reported on here. However, in
order to evaluate the validity of a biopsy method, it is necessary to
find out if the values for bone formation found in known metabolic-
ally different skeletons are quantitatively different from the control
values. If such is true, as has been shown in this report, then a biopsy
method is valid.

A particular experience with human material may serve to illustrate
the point, Ribs from 12 persons with an unknown bone-losing disorder
were measured by the method of quantitative microradiography. Values
for age-matched normal material were compared with these (Figure
5). The normal values fall clearly below those found in the meta-
bolically different group. Although variations in normal material may
be large, they are smaller than the differences between the normal
and the abnormal material.

Harris et al. (1967) also demonstrated variations in the width of
new tissue deposition at different times and variations in the formation
rate. The method used in this study and also the question to he
answered are concerned only with the number or dimensions of bone-
forming sites and not with rate.

SUMMARY

Biopsy methods are based on the assumption that a sample of tissue
is representative of that tissue throughout the body. Such methods
have been used to evaluate bone turnover in the skeleton. The present
study was undertaken to examine this assumption: To find if the
variations within individuals of a single metabolic state and the dif-
ferences in the ratios between sample sites are small enough, when
compared with real differences in bone metabolism, to justify the
initial assumption.

Three groups of adult dogs were studied; the first group consisted
of five dogs that had been thyroparathyroidectomized 1 to 2 months
before the beginning of the experiment; the second group consisted
of five normal dogs; and the third group consisted of five postparturi-
tion and postlactation dogs. Bone formation was quantitated by means
of autoradiography with ¢:Ca.

The results indicate that the three groups differed significantly in
levels of bone formation. These differences were apparent in the
skeleton of any one dog. However, each site had a relatively constant
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ratio to all other sites. Any variations from the left to the right side
were within the limits that distinguished one group from another.
Only when bone turnover was low, as in the midshaft of long bones
in thyroparathyroidectomized animals, was there a failure to dis-
tinguish between groups of different metabolic states.
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APPENDIX

I. Skeletal sites studied in three representative dogs of different metabolic states.
A. Spinal column.
1. C-4.-
2, L-2.
3. Second caudal vertebra
B. Ribs.
Right and left sides, third and eighth ribs (from each rib, sections were taken
at the middle of the middle third and at the junction of the middle third with
the anterior and posterior thirds).
C. Iliac crests.
1. Right and left sides, anterior iliac crest (1 cm behind anterior-superior
iliac spine).
2. Right and left sides, posterior iliac crest (1 cm in front of posterior-
superior spine).
D. Humerus, radius, ulna: right and left sides.
1. Diaphysis (midway between two epiphyses).
2. Metaphysis (proximal metaphysis in the humerus and distal metaphysis
in the radius and ulna).
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E. Tibia, femur: right and left sides.
1. Diaphysis (midway between two epiphyses).
2. Metaphysis (distal metaphysis in the femur and proximal metaphysis in
the tibia).
F. Metatarsals: second and fourth (midshaft and anterior right foot only).

I1. Skeletal sites studied in all dogs.
A. Iliac crest.
1. Right and left sides; anterior iliac crest (1 ¢cm behind anterior-superior
iliac spine).
2. Right and left sides; posterior iliac crest (1 cm in front of posterior-
superior iliac spine),
B. Rib.
Right and left sides, third and eighth ribs (from cach rih, sections were taken
at the middle third and at the junction of the middle third with the anterior
and posterior thirds).
C. Tibia, femur: right and left sides.
1. Diaphysis (midway between two epiphyses).
2. Metaphysis (distal metaphysis in the femur and proximal metaphysis in
the tibia).



