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Abstract The bone changes in hypothyroidism are char-
acterized by a low bone turnover with a reduced osteoid
apposition and bone mineralization rate, and a decreased
osteoclastic resorption in cortical bone. These changes
could affect the mechanical performance of bone. The
evaluation of such changes was the object of the present
investigation. Hypothyroidism was induced in female rats
aged 21 days through administration of propylthiouracil in
the drinking water for 70 days (HT group). Controls were
untreated rats (C group). Right femur mechanical properties
were tested in 3-point bending. Structural (load bearing
capacity and stiffness), geometric (cross-sectional area and
moment of inertia) and material (modulus of elasticity)
properties were evaluated. The left femur was ashed for
calcium content determination. Plasma T, concentration
was significantly decreased in HT rats. Body and femur
weight and length in HT rats were also reduced. Femoral
calcium concentration in ash was higher in HT than in C
rats. However, the femoral calcium mass was significantly
lower in HT than in C rats because of the reduced femoral
size seen in the former. The stiffness of bone material was
higher in HT than in C rats, while the bone geometric
properties were significantly lower. The “load capacity”

M. L. Conti - M. P. Martinez - M. 1. Olivera - C. Bozzini -

C. E. Bozzini ((X) - R. M. Alippi

Department of Physiology, Faculty of Odontology, University
of Buenos Aires, Buenos Aires, Argentina

e-mail: cebozi@fisio.odon.uba.ar

P. Mandalunis
Department of Histology, Faculty of Odontology, University
of Buenos Aires, Buenos Aires, Argentina

was between 30 and 50% reduced in the HT group,
although, the differences disappeared when the values were
normalized per 100-g body weight. The lowered biome-
chanical ability observed in the femoral shafts of HT rats
seems to be the expression of a diminished rate of growth.
Qualitative alterations in the intrinsic mechanical properties
of bone tissue were observed in HT rats, probably because
the mineral content and the modulus of elasticity were
positively affected. The cortical bone of the HT rat thus
appears as a bone with a higher than normal strength
and stiffness relative to body weight, probably due to
improvement of bone material quality due to an increased
matrix calcification.

Keywords Bone biomechanics - Hypothyroidism -
Femur diaphysis - Bone mass

Introduction

During evolution, the skeleton of vertebrates developed an
important property, the resistance to deformation, and
indirectly to fracture, that was adapted to the physiological
mechanical demands of the environment. The criterion for
adequate support function is the formation and mainte-
nance of sufficient quantity and quality of bone to support
the body throughout life and to withstand ordinary stresses
to which skeletal components are subjected.

It is assumed that the mechanical properties of bones
integrated as organs (structural properties, e.g., load bearing
capacity and stiffness) are directly related to both the amount
(bone mass) and the architectural disposition of bone
material (geometric properties, e.g., cross-sectional area,
moment of inertia and cortical thickness) and to the
mechanical quality of bone material (material properties,
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e.g., capacity to stand stress and modulus of elasticity). The
structural stiffness (measurable as a load/deformation ratio)
is usually kept high enough to withstand to everyday bone
and bone tissue deformation to avoid damage, and hence
fracture. The structural stiffness, and indirectly the strength
of bones, is thought to be controlled by the “bone mech-
anostast” [1]. This is a feedback mechanism, which opti-
mizes the bone’s design through a permanent re-distribution
of the mineralized tissue. Bone shape accounts significantly
for the whole bone strength regardless of bone calcification
or mass.

Thyroid hormone (TH) has been recognized to play an
important physiological role in skeletal development, lin-
ear growth and the maintenance of body mass [2]. The
relation between TH and bone was first recognized in the
1890s, when von Recklinghausen [3] reported on a patient
with hyperthyroidism and multiple fractures. Hyperthy-
roidism accelerates bone turnover [4] and shortens the
normal bone remodelling cycle [5]. TH seems to be more
detrimental to cortical bone than to trabecular bone [6].

In juvenile hypothyroid rats, growth plates are grossly
disorganized, with defective hypertrophic chondrocyte
differentiation, extracellular matrix production and angio-
genesis [7]. In previously performed tomographic studies
(pQCT) on rats, we found that experimental hypothyroid-
ism resulted in a reduced bone mass and moment of inertia
of the femoral diaphysis and a concomitant improvement
of the material properties of cortical bone [8]. Recent
studies performed on genetically modified mice demon-
strated that TRal™™B+~ adult mice, which express a
mutant T5 receptor (TRx1) with dominant-negative prop-
erties due to reduced ligand-binding affinity, had osteo-
sclerosis with increased bone mineralization even though
juveniles had delayed ossification [9].

These and many other reported studies (for review see
[2, 7, 10, 11]) indicate that TH regulates both skeletal
development and adult bone maintenance, with euthyroid
status during development being essential to establish
normal adult bone structure and mineralization.

We have recently shown that [12], although, the femur
size of the hypophysectomized rat does not enlarge with
age, its weight and its calcium mass (femur bone mass)
increase significantly. From the biomechanical point of
view, the bone markedly increases its intrinsic and extrinsic
stiffness. These findings are probably associated to the lack
of pituitary hormones during growth and development. The
present study was designed to estimate the effects of
experimental hypothyroidism on biometric and biome-
chanics parameters, as assessed by a mechanical bending
test, in an attempt to describe the biomechanical properties
of the hypothyroid bone and to get insights into the possible
contribution of secondary hypothyroidism on the genesis of
the biomechanical bone effects of hypophysectomy.
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Materials and methods

Female Sprague-Dawley rats aged 21 days were used
throughout the experiments. They were housed in stainless-
steel cages and maintained under local vivarium conditions
(temperature 22—-23°C, 12-h on/off light cycle). All animals
were allowed free access to a standard pelleted chow diet
that has been shown to meet all necessary requirements to
allow normal growth rates [13].

Experiment 1: changes with time after weaning
of femur diaphysis strength

By considering that (a) hypothyroidism in the rat dimin-
ishes body weight gain, and (b) a positive correlation exists
between body weight and bone strength, a first experiment
was set up in which groups of four normal rats were sac-
rificed at 55, 65, 75, 90, 120, 150 and 180 days of life. At
each of these times, both body weight and femur diaphy-
seal strength (see below) were determined on each rat. The
correlation between the parameters was estimated. This
type of information would permit us the comparison of
weight-associated bone mechanical parameters between
animals of different weights.

Experiment 2: effect of hypothyroidism
on biomechanical performance of femoral shaft

In the second experiment, rats were divided in two equal
groups of 10 animals each: control (C) and hypothyroid
(HT). They were grouped to ensure similar masses (C =
734 £ 65¢g, HT =702 £ 6.8 g; P> 0.05). Hypothy-
roidism was induced in HT rats through administration of
propylthiouracil (PTU) in the drinking water (0.1% in 5%
ammonia). Thus, drinking water containing 5% ammonia
was freely offered to both C and HT rats. The experimental
period lasted 70 days. Thus, experimental data were col-
lected during adulthood.

At its end, animals were weighed and samples of blood
were taken by cardiac puncture for estimation of plasma-
free T, concentration (Electrochemiluminescence immu-
noassay, Elecsys 2010, Roche). They were then sacrificed
by ether overdose. Body length was taken as the distance
between nose and rump. The femurs were dissected,
cleaned of adhering soft tissue, weighed in a Mettler scale
and stored at —20°C wrapped in gauze soaked with
Ringer’s solution in sealed plastic bags, in accordance with
Turner and Burr [14].

On the day of testing, each bone was thawed at room
temperature before analysis. Femur length was mea-
sured directly using a digital caliper (Digginess, Geneva,
Switzerland) with an accuracy of +0.01 mm. To assess
cortical bone mechanical properties, the right femur was
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tested in 3-point bending [15]. Each bone was placed with
the posterior side on two lowers supports (L = 13-mm
span) and central along its length. Load was applied per-
pendicularly to the long axis of the bone until fracture. The
test machine (Instron model 4442, Instron Corp., Canton,
MA, USA) was operated in stroke control at a constant rate
of 5 mm/min, which is useful for describing the static
properties of the bone structure.

Mechanical parameters are briefly defined as follows
[16]: Deformation is the amount of deflection of the bone
as a result of loading. The second moment of inertia (or
amount of inertia) describes the distribution of the bone
mass around the central axis, i.e., the geometry of the
cross-sectional section. Stress is an expression of force per
unit area of bone (i.e., tissue strength). The calculation of
stress would take into account the geometric configuration
of the cross-sectional area over which the force was applied
(the distance between the supports). Stress is a material
property rather than a structural property, being dependent
of bone tissue composition. Strain refers to the deformation
created by bending the bone and was reported as change in
length per unit length. Modulus of elasticity is derived from
the linear portion of the stress—strain curve and is an
expression of force per unit area per unit of bending. This
parameter was used as indicator of bone material stiffness.

Load/deformation curves showing both the elastic
(Hookean behaviour) and the plastic (non-Hookean
behaviour) phases separated by the yielding point, enabled
graphic determination of the main structural mechanical
properties of bone shafts as beams [14], which essen-
tially measures the resistance to deformation (stiffness)
and fracture (strength) and the ability of the structure to
absorb energy by deforming. They are (a) Bone stiffness
(N/mm)—the slope of the force/displacement curve (W/d
curve) in the linear region of elastic behaviour that was
calculated from the best-fit linear regression; it is generally
proportional to diaphyseal bone stiffness or bone beams
rigidity; (b) elastic limit (load at the yielding point, W)
(N)—the value of the force at the upper extent of the linear
region (vielding point); (c) Ultimate load (load at fracture,
W) (N)—the value of the force at fracture, which deter-
mines the structural bone strength; it expresses directly the
resistance of the whole bone to fracture, incorporating both
the elastic and the plastic behaviours; and (d) Elastic
absorbing capacity (EAC) (N/mm)—the total energy
absorbed by the specimen up to the yielding point that was
calculated as the area under the force/displacement curve
(Wy dy/2).

A representative indicator of bone material properties,
the intrinsic bending stiffness of the cortical tissue (Elastic
modulus [N/mmz]) was calculated from the following
equation: E = W, - L'/48d, - I, (W, = load at the yielding

point, L = distance between supports, dy, = maximum
elastic deflection, I, = second moment of inertia of the
cross-section in relation to the horizontal axis). Using an
Isomet low-speed diamond saw (Buehler, Lake Bluff, IL),
a 2-mm cross-section slide was cut from the fracture sec-
tion to perform regularized micromorphometrical deter-
minations of the vertical (load direction) and horizontal
(right angle to load direction) outer and inner diameters of
the elliptic-shaped fracture sections. Measurements were
taken with a digital caliper with the aid of a magnifier 40x.
This procedure enabled calculation of the amount of
diaphyseal bone mass (CSA) and the second moment of
inertia of the cross-section in relation to the horizontal axis
(xCSMI) (3.14[B°H — b°h)/64) (B = vertical outer diam-
eter, H = horizontal outer diameter, b = vertical inner
diameter, 7 = horizontal inner diameter) [17]. The volume
of bone between supports (Lw (HB — hb), the entire cross-
sectional area (CSA) (n/4 BH), the medullary area (MA)
(m/4 bh) and the cortical area (CtA) (CSA — CtA) were
also calculated.

The left femur of each animal was ashed in a muffle
furnace at 600°C for 18 h and the ash weight obtained. The
bone ash was dissolved in 2-N HCI and calcium content
determined by atomic energy absorption spectrophotome-
try [18]. In this study, femoral bone mass, or femoral cal-
cium mass, refers to the milligram of calcium present in the
ash of the left femur.

Results were summarized as means £ SD and were
considered statistically significant at the level of P < 0.05.
Comparisons between parameters were performed by Stu-
dent’s ¢ test. The curve that relates bone strength with age
was fitted by nonlinear regression by applying the Boltzmann
sigmoidal equation [Y = Bottom 4 (Top — Bottom)/(1 +
exp (V50 — X)/Slope)]. The relationship between bone
strength and body weight was analysed by linear regression.
All analyses were performed by using GraphPad Prism
Software (GraphPad Software Inc., San Diego, CA, USA).

The experiment was conducted in accordance with the
principles and procedures outlined in the National Institute
of Health Guide for the Care and Management of Labo-
ratory Animals, and approved by the University of Buenos
Aires Ethic Committee.

Results

Experiment 1

Analysis of the macroscopical growth of the femur in
normal female rats indicates that the bone grew in a linear

fashion from day 21 to approximately day 90 of postnatal
life (data not shown). After day 90, the rate of growth
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showed a marked decline or deceleration. One-way anal-
ysis of variance indicated that no statistical significant
differences were found between day 90 and day 120 values.
A similar pattern of growth was observed in the femoral
bone strength as derived from the ultimate load values
(Fig. 1a). Extremely high positive correlation was found
between femur diaphysis ultimate load (Wy) and body
weight (r = 0.9555, R* =0.913, P <0.0001) (Fig. b,
triangles).

Experiment 2

In controls, the mean plasma T4 was 5.1 £+ 0.8 pg/dl at the
end of the study period. The mean plasma T, was very low
(0.9 £ 0.4 pg/dl) in HT rats at the same time (P < 0.001),
thus confirming the effectiveness of treatment.

As expected, HT rats (128.72 + 3.31 g) failed to obtain
normal weight gain (P < 0.001) compared with the age-
matched C rats (283.35 4+ 4.22 g) at the end of the
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experimental period (Table 1). This 55% reduction in body
weight found in HT animals was accompanied by a sig-
nificant, 26% diminution of body length. Similarly, femur
weight and femur length were 50 and 23% reduced,
respectively, in HT rats when compared to C ones (P <
0.001). Femoral calcium concentration in ash was higher in
HT than in C rats (C = 364.5 + 4.5 mg/g, HT = 384.2 £+
6.9 mg/g, P = 0.0002). However, the femoral bone mass
(calcium mass) was significantly lower (P < 0.0001) in HT
(59.2 £ 4.4 mg) than in C (118.7 & 8.2 mg). When the
femoral bone mass was normalized for 100-g femur, it was
higher in HT (38.4 £ 0.69 g/100 g) than in C (36.5 £
0.45 g/100 g) (P = 0.0002).

Changes in cross-sectional geometry of the femur
diaphysis are summarized in Table 1. Cortical bone cir-
cumferential growth was reduced significantly in HT rats.

Table 1 General and femoral anthropometry and femur diaphysis
cross-sectional geometry and extrinsic and intrinsic mechanical
properties in normal and hypothyroid rats

C HT P

General anthropometry

Body weight (g) 283.35 + 4.22 128.72 + 3.31 <0.001
Body length (cm) 22.88 £+ 0.19 1693 £ 0.18  <0.001
Femur anthropometry
Femur weight (mg)  930.08 + 20.12  470.12 + 10.21 <0.001
Femur length (mm) 31.89 £ 0.16 24.69 £ 0.54  <0.001
Cross-sectional <0.001
geometry
CSA (mm?) 16.45 £ 1.60 10.26 £ 098  <0.001
CtA (mm?) 10.99 £+ 1.78 746 £ 1.03  <0.001
MA (mm?) 5.46 £ 091 279 £ 053  <0.05
CSMI (mm*) 13.76 £ 3.70 6.12 + 143  <0.001
Bone volume (mm®)  142.8 + 23.2 97.00 £ 13.40 <0.001
Horizontal OD (mm) 5.40 + 0.24 4.10 £ 0.22  <0.001
Horizontal ID (mm) 298 + 0.34 222 £0.24  <0.001
Vertical OD (mm) 3.87 £ 0.27 3.18 £ 022  <0.001
Vertical ID (mm) 2.33 £ 0.19 1.59 £ 0.17  <0.001
Mechanical properties
Extrinsic
Elastic limit (N) 85.55 + 4.26 48.67 £3.41  <0.001
Ultimate load (W;) 104.39 + 4.26 65.11 £ 447 <0.001
(N)
Stiffness (N/mm) 203.12 4+ 23.96 140.61 £9.63  <0.05
EAC (N/mm) 19.34 £ 1.79 9.63 £ 1.29  <0.001
Intrinsic
E (N/mm?) 696.93 £ 239.65 1181.76 £ 483.99 <0.05

All data are expressed as means £ SD. CSA cross-sectional area, CtA
cortical sectional area, MA medullary area, CSMI cross-sectional
moment of inertia, OD outer diameter, ID inner diameter, EAC energy
absorbing capacity, E elastic modulus

The femur mid-diaphyseal total cross-sectional area and
the medullary area were significantly less in the HT group
compared with the control one. Absolute regional diame-
ters (horizontal and vertical, inner and outer) were simi-
larly affected. The cross-sectional moment of inertia was
thus extremely reduced.

The “load capacity” extrinsic properties of the femoral
diaphysis are also shown in Table 1. All of them were
between 30 and 50% reduced in the HT group
(P < 0.0001). However, when the values for ultimate load
at fracture (Wy) and stiffness were expressed in terms of
100-g body weight, the differences between groups disap-
peared. This concept is graphically shown in Fig. 1b. In the
plot of femoral W; as a function of the body weight of the
animals, those values corresponding to HT rats laid on the
curve established for rats of different ages and body
weights obtained in the Experiment 1. Figure la also
shows that the fracture load of HT rats aged 90 days cor-
respond to that of normal rats aged 50 days.

The bone material quality indicators, or pre-yield
bending stiffness (elastic modulus E) is also shown in
Table 1. They were about 70% higher in HT than in C rats
(P < 0.05).

Discussion

The results of this study provide details on how hypothy-
roidism affects the mechanical properties of bones in young
rats, as derived from determinations performed in early
adulthood. Healthy bones in the adult are dependent on the
development, during the younger years, of a healthy bone
structure and an adequate bone mass. This is especially true
for cortical bone whose primary function is strength and
support. The femoral mid-diaphysis in the rat is primarily
composed by cortical bone. The bone used in the present
experiment seems thus appropriate to evaluate the real
effect of hypothyroidism on cortical bone biomechanics.

The present study began with very young animals and
the effects of treatment on bone biomechanics were
assessed in adulthood. The extremely significant decrease
in circulating T, observed in experimental rats in relation
to control ones demonstrates that treatment was efficient in
the induction of hypothyroidism.

As expected, hypothyroidism caused marked growth
retardation in immature rats, as derived from changes in
both body weight and body length. Growth retardation
associated with hypothyroidism has been previously
reported [19, 20]. Hypothyroidism in rats causes longitu-
dinal skeletal growth retardation due to growth plate dys-
genesis in which hypertrophic chondrocyte differentiation
fails to progress. There are gross abnormalities of growth
plate structure with disorganized proliferating chondrocyte
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columns, abnormal cartilage matrix, reduced hypertrophic
chondrocyte differentiation and impaired vascular invasion
at the primary spongiosum [21, 22]. While the majority of
these effects probably result directly from TH deficiency in
TR-expressing chondrocytes, the hypothyroid growth plate
is also relatively insensitive to the actions of growth hor-
mone because of reduced local expression of IGF-1 [21].
Nevertheless, studies of T3 and GH interactions of the
tibial growth plate in vivo showed that T3 is independently
essential for the stimulation of resting zone cells to dif-
ferentiate to proliferating chondrocytes, for hypertrophic
chondrocyte differentiation, and for vascular invasion of
the growth plate [22]. It was also reported that [23] growth
plate dysgenesis is associated with altered expression of
components of the Thh-PTHrP feedback loop in hypothy-
roid growth plates. These findings reinforce the general
importance of TH as a systemic factor that is required for
endochondral ossification. However, it has to state that a
major limitation in this type of studies is that in the rat
hypothyroidism is well known to cause a profound reduc-
tion in pituitary GH production that is associated with
major decreased in circulating GH and IGF-1 levels and
growth retardation. Hypothyroidism is also associated with
derangement of a multitude of other metabolic and physi-
ological processes.

Both the weight and the length of the femur were
undoubtedly affected by growth retardation, as was the
bone volume. The diminished CSA and xCSMI indicate
that the size of the bone, in term of mid-diaphysis cross-
sections, was significantly affected.

These alterations were paralleled by a weakening of
bone beams, shown by the correlative impairment of
diaphyseal ultimate strength (Wp) and stiffness (W,/d,
ratio) (Fig. 1c). The other extrinsic mechanical properties
were also adversely affected in HT rats. The body weight
of animals is one of the most important factors which
influence mechanical stresses applied to bone. A positive
linear correlation between the load at fracture of the femur
and the body weight of animals was established (Fig. 1b).
Therefore, it appears that cortical bone tissues of the HT
rats changed the load at fracture so as to adapt themselves
to the decrease of the in vivo load developed by diminished
rate of body weight gain. When the load at fracture, as well
as the other parameters indicative of femoral extrinsic
mechanical properties, was normalized for body weight,
the differences between groups disappeared and the cor-
responding values were even higher in HT than in C rats,
which support that hypothesis. This hypothesis could be
expressed in other words by saying that HT rats had
smaller bones due to growth retardation and their load at
fracture was not different than that of similarly sized
control rats (Fig. 1b). Under this concept, no adaptation
appears to be evident; HT rats just did not grow.
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Hypothyroidism possibly had also an effect on the ways in
which the whole bone load capacity increased over the time
course of the study. This is graphically shown in Fig. la.
Average Wy value in 90-day-old HT rats was similar to the
value found in normal rats aged 50 days.

The above results enable the discussion of whether the
impaired performance of diaphyseal shafts of HT rats was
the result of nothing other than the changes in the amount
and/or spatial distribution of cortical bone mass or if some
other variation in bone material ability was an additional
causal factor.

The first of these propositions is supported by the high
positive correlation found between both strength and
stiffness of bone beams and their sectional moments of
inertia in C and HT groups, about 60% of the variation in
W and 62% of that of Wy/d, ratio may be statistically
attributed to xCSMI changes, as shown by R* in Fig. 1d
and E. However, the severe impairment in Wy (a property
closely related to the amount and/or spatial distribution of
material in the diaphysis) contrasted with the increasing
effect of HT on the modulus of elasticity E (intensive
property of bone material, which depends on its constitu-
tion but not on its amount or spatial distribution), sug-
gesting that the adverse effects evoked by treatment on
diaphyseal bone load capacity may have been only quan-
titative in nature. The finding that the adverse effect of
hypothyroidism disappears when parameters indicative of
bone extrinsic mechanical properties are normalized for
body mass, gives support to this concept. The natural
stimuli for the bone mechanostat would be the strain of
bone tissue, sensed by osteocytes that are induced by both
gravitational forces and contractions of regional muscles
[17]. Therefore, on a wearing-weight bone as the femur,
different body weights will produce different loads and
strains.

The significant increase in E in the presence of a sig-
nificant reduction in both the amount and the spatial dis-
tribution of cortical bone mass indicates that bone strength
is higher in HT rats than it should be expected by the
reduced bone mass. Material properties are usually thought
to depend on many factors, such as composition, amount of
secondary mineralization, collagen cross-linking and the
presence of microdamage. Because mineral composition,
particle size and distribution are not always the same, the
properties of the crystals should also be considered as one
of the factors contributing to material properties, when
discussing the ability of bone to resist fracture [24]. The
femoral shaft of the hypophysectomized rat is character-
ized by its high mineral density and its unusual large
modulus of elasticity in spite of cessation of linear growth
[12]. Both collagen maturation and cross-linking and the
degree of mineralization of bone have been found to be
increased in the hypophysectomized rat femur [25].
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The effect of hypothyroidism on E, not described else-
where, although, seen in preliminary observations from our
laboratory [8], was paralleled by an increment in bone
calcium content, as expressed in mg Ca/g ash (Fig. 1f). The
positive correlation between bone Ca concentration and E
suggests a causal connection between treatment and
rigidity of bone tissue. In fact, calcification of collagen
matrix is a high-priority determinant of bone tissue
intrinsic stiffness [26, 27].

The bone changes in hypothyroidism are characterized
by a very low bone turnover with a reduced osteoid
apposition and bone mineralization rate, an inactive
osteoclastic resorption in trabecular bone and a decreased
osteoclastic resorption in cortical bone [28]. In hypothyroid
female patients, Eriksen et al. [29] have shown that the
final resorption depth, the total resorption period and
the resorption rate were lower than in the control group.
The total bone formation period was prolonged and the
matrix and mineral appositional rates were lowered.
Interestingly, the mean completed wall thickness was
increased in the hypothyroid group, which is evidence of a
positive balance per remodelling cycle. It is thus conceiv-
able that the very low bone turnover associated to a low-
ered remodelatory rate may be responsible for the
increased matrix mineralization in the cortical bone of HT
rats, as evidenced by the higher calcium concentration in
ash found in the present study. It has been shown that the
degree of mineralization of older bone tissue is greater than
that of newly formed tissue, so that the amount of bone
turnover can influence the average tissue degree of min-
eralization [30]. Our results agree with the finding of an
increased bone mineralization in TRol™™™~ mice
recently reported by Duncan Basset et al. [7].

In conclusion, we have described a number of altera-
tions in both morphometrical and biomechanical variables
in rat femur shafts resulting from PTU-induced hypothy-
roidism. The clear loss of strength and stiffness of bone
beams seemed to be closely related to a net impairment in
the amount and/or spatial distribution of bone mass.
However, because strength and stiffness are positively
correlated to body weight, on the one hand, and HT rats
showed an important deficit in body weight gain, on the
other hand, it is suggested that the lowered biomechanical
ability observed in the femoral shafts of HT rats was the
expression of a diminished rate of growth. When the
parameters were normalized for body weight, the differ-
ences between HT and C rats disappeared and the corre-
sponding values were even higher in the former than in the
latter. Qualitative alterations in the intrinsic mechanical
properties of bone tissue were induced by treatment, as the
mineral content and the modulus of elasticity were posi-
tively affected. It is conceivable that these effects are
associated with the already described very low bone

remodelatory rate and the positive balance per remodelling
cycle. The cortical bone of the HT rat thus appears as a
bone with a higher than normal strength and stiffness rel-
ative to body weight, probably due to improvement of bone
material quality. Similar conclusions have been arrived for
cortical bone of hypophysectomized rats [12], which sug-
gest that hypothyroidism and hypopituitarism may affect
bone biomechanics through a common operative mecha-
nism which is associated to growth retardation.
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