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Two Bovine Models of Osteogenesis Imperfecta Exhibit Decreased Apatite

Crystal Size
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Summary. In recent years advances have been
made in detailing the changes in both collagen and
noncollagenous proteins caused by a variety of mu-
tations leading to osteogenesis imperfecta. Much
less, however, is known about the mineral phase in
the affected bone. In this report, we measured the
crystallinity of the apatite in bovine OI bone. Line
broadening of the 002 reflection (which estimates
changes in the long or ¢ axis of the crystals) and of
the 310 reflection (which estimates changes in the
thickness of the crystals) both show large decreases
(30 and 35% respectively). Transmission electron
micrograph measurements indicate that these
changes were most probably a result of smaller
crystals. No decrease in the ash weight of the bone
was observed.

Key words: Osteogenesis imperfecta — Mineral —
Bone — Apatite — Crystal.

Osteogenesis imperfecta (OI) is a heterogeneous
disorder that presents bone fragility with joint
laxity, blue sclerae, presenile hearing loss, and den-
tinogenesis imperfecta in various combinations as
the clincal manifestations [1]. Many cases are spon-
taneous mutations although OI may be inherited as
either autosomal recessive or dominant traits [1].
The extracellular matrix of OI has been studied in-
tensely in recent years. Many cases have been doc-
umented that involve collagen mutations [2-5], in-
cluding mutations in the propeptide regions [6].
However, in the majority of OI cases, primary de-
fects in the collagen structure have not been found
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[7] although whether this is due to the difficulty in
finding a small defect in the large collagen gene or,
in some cases, to other genetic defects is unknown.
In some cases noncollagenous proteins have been
implicated as useful biochemical markers in the
study of OI [8-10].

Recently, two separate bovine models of OI have
been discovered (BOI-Australia [11]; BOI-Texas,
J. B. Cruz and K. G. Thompson, personal commu-
nication). The sires for both models were pheno-
typically normal bulls and one-half of their off-
spring were affected. The symptoms included bone
fragility, joint laxity, blue sclerae, and translucent,
fragile teeth. No major collagen defects have yet
been found in either model. We recently surveyed
the noncollagenous proteins from the bones and
teeth of both models and have found that the two
clinically identical models could be differentiated
easily by a biochemical marker, the osteonectin
content of the bone matrix. BOI-Australia had
normal complement of osteonectin [12], whereas
severely depleted osteonectin levels were found in
the bone of the BOI-Texas calves [13].

In this paper, we report on the crystallinity of the
bone mineral phase in these two models.

Materials and Methods

Dissected neonatal diaphyseal bone (normal and affected),
cleaned of adherent soft tissue, was fractured into small pieces
and ground to a 100 mesh size in a Spex freeze-mill under liquid
nitrogen. After lyophilization, patterns of the 002 and 310 apatite
mineral diffraction peaks were obtained from the bone powders
on a Rigaku X-ray diffractometer using graphite-monochroma-
tized copper k, radiation (A= 0.1540 nm). Only these two peaks
were usable for the present study. Inadequate intensity or un-
correctable interference from neighboring reflections prevented
a quantitative evaluation of other peaks. A continuous scan
mode was employed with all data collected on a strip chart re-
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corder. The 002 peaks from each sample were recorded a min-
imum of 5 times at an angular velocity of 0.125° 26/min using a
time constant (TC) of 10 sec. A minimum of two patterns of the
corresponding 310 peaks were recorded at a scanning speed of
0.03125° 26/min and a TC of 40 sec.

The angular width (B) of the 002 diffraction peak was mea-
sured at ¥z the height of maximum intensity above background.
The half width, B, was corrected for instrumental broadening, b,
by Warren’s method [14], i.e., B2 = B2 + b2, where B is the
corrected peak width. Silicon powder and highly crystalline syn-
thetic hydroxyapatite were used as reference substances in de-
termining the value of b.

The 310 reflection was not entirely free of neighboring peak
influences. The 212 peak, 40% as intense as the 310 peak and
situated —0.62°26 away, overlapped the low angle edge of the 310
peak. To minimize the effect of this overlap, the breadth of the
310 peak was estimated using the high angle side of the peak by
measuring the distance between the angular position of the peak
maximum and the position at which the high angle edge was %
the height of maximum intensity. The half-width was obtained by
multiplying this distance by 2.

Lyophilized bone fragments were prepared for transmission
electron microscopy by embedding in Spurr’s low viscosity resin
[15]. Ultrathin sections were cut with a diamond knife onto buff-
ered flotation fluid to minimize demineralization, then mounted
on bare copper mesh grids. Micrographs were obtained using a
JEOL 100CXy; electron microscope operated at 80 kV. Measure-
ments of crystal length were made on micrographs of magnifica-
tion 125,000. Individual crystals were measured in mm using a
measuring magnifier (Polaron 3404).

Results

The X-ray diffraction line breadth data are given in
Table 1. Since peak broadening is related inversely
to crystal size and/or perfection [14], the reciprocal
of the B values (1/B) are listed in the table in order
to equate more directly the experimental data to
sample crystallinity (i.e., size/perfection). The 1/
values in each column relate to crystallinity
changes along specific directions in the bone min-
eral apatite; the 002 column data reflect changes
along the length of the crystals (which is also par-
allel to the c- or hexad axis), and the 310 data re-
flect changes in directions perpendicular to the
length (i.e., width/thickness). As seen from the
data, the apatite mineral crystallinity was poorer in
bovine OI bones than in age-matched normal con-
trols for each direction measured. This difference
was somewhat more marked in affected Texas neo-
natal bones than in material obtained from affected
Australian calves. The neonatal Ol bone changes
were also relatively isotropic with the maximum
decrease in crystallinity nearly the same in width/
thickness (30%) as in length (35%).

Transmission electron micrographs of both
normal and OI bone sections (Fig. 1) revealed a
dense lattice-work of closely packed apatite

Table 1. Crystallinity (1/8) values from the 002 and 310 X-ray
diffraction peaks of normal and OI neonatal bovine mineral
apatite

Sample 1/B (002) 1B (310)
BOLT #I 1.48 = .04 SD 0.55 = .05 SD
BOL-T #II 1.63 = .05 0.55 = .04
BN-T #I 227 = .07 0.79 = .04
BOL-A #I 1.74 = 07 0.57 = .01
BOI-A #II 1.84 = .02 0.68 = .02
BN-A #I1 2.26 = .04 0.82 = .04
BN-A #II1 2.33 = .04 0.87 = .02

BOI = bovine osteogenesis imperfecta bone (neonatal); BN =
bovine normal bone (neonatal); T = Texas; A = Australia

crystals. Measurements of crystal length showed
that the apatites in both OI models were 29-37%
smaller than the normal Australian control (Table
2). A reduction in the width/thickness of OlI-af-
fected apatite crystals was also apparent but they
were too closely packed together to obtain accurate
measurements in these directions.

Discussion

Studies of disease-related crystallinity changes in
bone mineral apatite are limited in number. Only
two other bone pathologies involving similar min-
eral changes have been well documented. Slight,
but statistically significant, decreases in crystal-
linity have been observed in equine bone tumors
[16]. Although the magnitude of these decreases
was considerably less than observed in the present
study, they also affected all crystal dimensions. In
contrast, mineral crystallinity was increased rather
than decreased in fluorotic bones [16—18]. The
crystallinity changes in these latter bones were also
more anisotropic, affecting primarily the width and
thickness of the mineral apatite, leaving the length
relatively unchanged [17].

The decrease in the crystallinity of the Texas Ol
bone mineral occurred without any significant
change in tissue ash weight (Ol/normal = 1.05, ref.
13). This finding suggests that the crystallinity
change was linked to a defect in crystal develop-
ment rather than to crystal degradation via dissolu-
tion and removal during bone turnover. The TEM
data showed further that this change was due prin-
cipally to arrested crystal growth rather than to a
more disordered internal structure (i.c., increased
lattice strain). Small-angle X-ray scattering studies
on fluorotic bone [19] showed that, in this case
also, metabolic disturbances in crystallinity could
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Fig. 1. Transmission electron micrographs of thin sections from bovine bone samples show crystallites (arrowheads). Differences in
crystal size between the normal (1, Texas normal) and OI (2, BOI-A and 3, BOI-T) samples are apparent. Scale bar = 0.1 um.

Table 2. Transmission electron microscope measurement of
apatite crystal length in normal and OI neonatal bovine bone

Crystal length (nm)

Sample Mean = SD?
BN-A 590 = 7.5
BOI-A 37.2 = 8.7
BOI-T 42.1 = 14.2°

2 Sample size = 50 measurements
b (P < 0.01)

be accounted for almost entirely by changes in
crystal size.

In the Texas OI bones, the apparent decrease in
crystal size in the absence of any significant change

in the total mineral mass indicates an increase in
the number of apatite crystals present. It is not
clear whether this increase resulted from an in-
crease in the number of primary nucleating sites in
the extracellular matrix or from a change in the rate
of secondary, crystal-induced nucleation [20].
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