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Abstract: Female Wistar rats are frequently used in experimental models to study hormone and bone
pathologies and treatments. Most experimental studies involving histomorphometric evaluation
assessed long bones, and few reports also studied mandibular bone. The aim of this work was to
clarify and distinguish the age-related histomorphometric changes that occur in the tibia (subchondral
bone) and in the mandible (interradicular bone), and thus obtain reference histomorphometric data
of healthy female Wistar rats at different growth stages. Three groups of 8 healthy female Wistar rats
were euthanized at 6 (Gl), 10 (Gll), and 14 (Glll) weeks. The tibiae and mandible were resected and
histologically processed to obtain H&E stained sections of the tibia and the lower first molar to analyze
the following histomorphometric parameters: Bone volume, trabecular width, trabecular number (Th.N)
(1/mm), growth cartilage width, hypertrophic cartilage width and number of osteoclasts per area in
the tibiae, and bone volume and number of osteoclasts per area N.Oc/mm? in the interradicular bone
of the first lower molar. A significant decrease in subchondral bone volume as a result of a decrease
in trabecular number and growth cartilage width was observed in 14-week-old rats. Conversely,
interradicular bone volume was found to increase with age. The results highlight the importance of
analyzing both types of bone to better understand the response of two different trabecular bones,
contributing in turn to decision making regarding treatment strategies and disease management.
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Introduction

Experimental animal models play an important role
in gaining knowledge on the etiology, physiopathology,
and diagnosis, of a number of bone disease, as well as
useful preventive techniques and therapies. These mod-
els allow obtaining detailed, standardized data that would
be difficult to gather from clinical experimental studies,
given the differences among patients. The choice of an
in vivo experimental model is determined by a number
of factors, including its reliability, reproducibility, and
feasibility, as well as other issues, such as those associ-

ated with equipment needs and research costs, both of
which must inevitably be considered [11]. Female Wis-
tar rats are frequently used in experimental models for
the study of hormone and bone pathologies and treat-
ments [2]. These models typically involve ovariectomy
(Ovx) in order to induce estrogen deficiency, which re-
sults in bone loss (osteoporosis) [15, 17]. The Ovx-in-
duced changes in bone can be analyzed using biochem-
ical markers, densitometric parameters, and/or
histomorphometric parameters [30]. The majority of
experimental studies in the literature involving histo-
logic and histomorphometric evaluation to analyze bone
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biology, evaluate the trabecular bone of long bones
(tibia and/or femur). The results of these studies have
served as the bases for drawing conclusions regarding
the response of the entire skeletal, despite the skeleton
being composed of different types of bone.

Only a few studies performed histomorphometric de-
terminations of mandibular bone to investigate the effect
of systemic diseases and/or treatment with different
drugs on this type of bone [10, 18, 31, 37]. There are no
studies reporting histomorphometric data of mandibular
bone of healthy female Wistar rats at different stages of
growth.

The tibia and femur are studied histologically and
histomorphometrically by evaluating the subchondral
bone and the growth cartilage [8, 12], since these regions
reflect bone modeling and remodeling dynamics [1, 13].
The mandible is assessed by analyzing the interradicular
bone of the first lower molar [23].

Whereas the tibia and femur are long bones, interra-
dicular bone is a craniofacial bone. These two types of
bone have different embryologic origin, ossification and
function, and are subjected to very different mechanical
loads. Long bones, such as the tibia and femur, develop
from the lateral somatic mesoderm/mesenchyme towards
the end of the fourth week of gestation [4]. Long bone
formation first appears as a condensation of mesenchy-
mal cells in the central nucleus located in the proximal
region of the limb buds, which are destined to form car-
tilage. These cells differentiate into chondroblasts, form-
ing the hyaline cartilaginous model of the future bone.
The bones formed by this process, termed endochondral
ossification, are designed to exert mechanical functions:
movement and force [26].

The mandible is of ectomesenchymal origin and de-
rives from the first branchial arch [22]. The cartilage of
the first arch (Meckel’s cartilage) forms the lower jaw
in primitive vertebrates and in humans; it has a close
positional relationship to the developing mandible, but
makes no contribution to it. During the sixth week of
embryonic development, a condensation of mesenchyma
occurs in the angle formed by the division of the infe-
rior alveolar nerve and its incisor and mental branches.
At seven weeks, intramembranous ossification begins in
this condensation, forming the first bone of the mandible
[24]. The functions of the mandible are mastication,
phonation, and deglutition.

An interesting study published by Mavropoulos ef al.
in 2007 found mandibular alveolar bone to be less sensi-

tive to either protein undernutrition or Ovx than the
proximal tibia spongiosa. The authors hypothesized that
the different origin, ossification, and function of long
bones and the mandible explain the differences in their
response to stimuli [21].

Given the importance of histomorphometry to evaluate
bone biology, and the contribution of experimental stud-
ies to the clinical practice and to the advancement in
therapeutics used in medicine and in different fields of
dentistry, such as implantology, orthodontics, prosthetics,
among others, it is essential to have reference data of
histomorphometric parameters not only of the tibia and/
or femur but also of mandibular interradicular bone of
Wistar rats. In view of the above, the aim of the present
work was to to clarify and distinguish the age-related
histomorphometric changes that occur in the tibia (sub-
chondral bone) and in the mandible (interradicular bone),
and thus obtain reference histomorphometric data on
healthy female Wistar rats at different stages of growth:
Prepuberty (at age 6 weeks), puberty (at age 10 weeks),
sexually maturity (at age 14 weeks).

Materials and Methods

Experimental animals

Healthy outbred female Wistar rats were used. The
animals were free of specific pathogens as evidenced by
regular health monitoring. Twenty-four female weanling
Wistar rats (body weight 60—80 g) were assigned to one
of three groups of 8 animals. All the rats were housed in
galvanized steel wire cages with sterile wood chip bed-
ding, at 21-24°C and 56% humidity, on a 12 h light-dark
cycle, and were fed standard extruded chow with 23%
protein (Cooperacion, ACA Nutricién, Buenos Aires,
Argentina) and water at libitum. The cage bedding was
changed three times a week. The animals were weighed
every week throughout the experiment, and immedi-
ately before euthanasia. Under anesthesia with 2% xy-
lazine 5 mg/kg (Kensol, Konig) and 5% ketamine, 50
mg/kg (Ketamine 50, Holliday Laboratory), the rats were
euthanized by intracardiac injection of 0.2 ml of pento-
barbital sodium diphenylhydantoin (Euthanyle, Labora-
torio Brouwer Laboratory) as follows: Group 1: 6 weeks
(pre-pubertal), Group II: 10 weeks (pubertal), and Group
III: 14 weeks (sexually mature). The experimental pro-
tocol was approved by the Ethics Committee of the
School of Dentistry (28/11/2012-38), University of
Buenos Aires Argentina, and is in keeping with the Na-
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Fig. 1. The figure shows the area of subchondral bone used to
measure Bone volume (BV/TV)(%) (H&E, 25X), and the
6 sites where Growth cartilage width (GPC.Wi) (um) and
Hypertrophic cartilage width (HpZ.Wi) (um) were deter-
mined. H&E 40X.

tional Institutes of Health Guidelines for the Care and
Use of Laboratory Animals.

Histology

Following euthanasia, the tibiae and mandible were
resected. The specimens were fixed in 4% buffered for-
malin at room temperature, decalcified in 10% ethylene-
diaminetetraacetic acid (EDTA) pH 7, for 30 days, de-
hydrated, and embedded in paraffin to obtain 7-8 um
sections: longitudinal sections of the tibia and mesio-
distally oriented sections of the lower first molar. The
sections were stained with H&E. Digital microphoto-
graphs of the sections were obtained in order to perform
the histomorphometric studies, using Image pro plus 4.5
software.

Histomorphometric parameters
The following histomorphometric parameters [25]
were determined in the tibiae:

* Bone volume (BV/TV) (%): The fraction of total vol-
ume (bone tissue + bone marrow) corresponding to
trabecular bone was measured in an area measuring
1.89 mm? and expressed as a percentage (Fig. 1).

* Trabecular width (Tb.Wi) (um).

* Trabecular number (Tb.N) (1/mm).

* Growth cartilage width (GPC.Wi) (um) was measured
at 6 equidistant points and the values were averaged
to obtain a final result for each section (Fig. 1).

Fig. 2. Schematic drawing of Wistar rat mandible showing local-
ization of the first lower molar (A). Bone volume (BV/TV)
was measured in the interradicular region of the first low-
er molar (B). H&E, 40X.

» Hypertrophic cartilage width (HpZ.Wi) (um) was
measured at 6 equidistant points and the values were
averaged to obtain a final result for each section. The
hypertrophic zone is limited by the first hypertrophic
chondrocyte on the upper side and by the first mixed
trabeculae on the lower side (Figs. 1 and 4).

* Number of Osteoclasts per area, in subchondral bone
(N.Oc/mm?): Cells presenting 2 or more nuclei and
that were close to trabeculae were considered osteo-
clastic cells.

The following histomorphometric parameters [28] was
determined in the interradicular bone of the first lower
molar:

* Bone volume (BV/TV) (%): The fraction of total vol-
ume (trabecular bone + bone marrow + periodontal
ligament) corresponding to trabecular bone was calcu-
lated and expressed as a percentage (Figs. 2 A and B).

* Number of Osteoclasts per area, in interradicular bone
(N.Oc/mm?): Cells presenting 2 or more nuclei and
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Fig. 3. Microphotographs of tibial subchondral bone sections of different aged animals: 6-week-old animals (A); 10-week-old
animals (B); 14-week-old animals (C). The images clearly show a decrease in subchondral bone volume with age. H&E,
40X. The graphs show Bone Volume (BV/TV) (%) (D), Trabecular number (Tb.N)(1/mm) (E), trabecular Width (Tb.Wi)
(um) (F) and osteoclast number (N.Oc/mm?) (G) in subchondral bone.

that were close to trabeculae were considered osteo-
clastic cells.

Statistical analysis

The results were statistically analyzed using ANOVA
and Bonferroni’s test. Statistical significance was set at
a value of P<0.05.

Results

Average weight of 6-week-old, 10-week-old, and 14-
week-old animals was 137 £ 12,205 + 15, and 245+ 7.5
respectively, showing a significant age-dependent in-
crease in body weight (P<0.05).

Tibiae
The microphotographs and graphs in Fig. 3 show sub-

chondral bone volume and trabecular bone parameters
(trabecular width and trabecular number). All the im-
ages consistently show an age related decrease in bone
volume BV/TV (%) (GI: 6-week-old rats: 24 = 5.7, GII:
10-week-old rats: 21 £ 4.7, and GIII: 14- week-old rats:
15+ 4.4; Gl vs GII P <0.05) resulting from a decrease
in trabecular number (Tb.N) (1/mm) (GI: 6-week-old
rats: 4.56 + 0.74, GII: 10-week-old rats: 3.60 £ 0.25, and
GIII: 14- week-old rats: 2.80 + 0.32 GI vs GII, GIII and
GII vs GIII P <0.05). No significant differences in tra-
becular width (Tb.Wi) (um) were observed among
groups (GI: 6-week-old rats: 55.8 = 10.7, GII: 10-week-
old rats: 58 + 6.4, and GIII:14- week-old rats: 54 £ 6.9,
P>0.05). The results showed an increase in osteoclast
number N.Oc/mm? (GI: 6-week-old rats: 10.8 = 1.3, GII:
10-week-old rats: 8.5 + 2.14, and GIII: 14- week-old
rats:16.1 + 3.24 GI and GII vs GIII, P <0.05), an indica-
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Fig. 4. Microphotographs of growth plate cartilage sections of different aged animals: 6-week-old animals (A); 10-week-old animals
(B); 14-week-old animals (C). The images clearly show a decrease in growth plate cartilage width with age. H&E, 100X.
The graphs show the significant difference in Tibial Growth Cartilage (GPC.W1i) (um) (D) and Hypertrophic Cartilage width
(HpZ. Wi) (um) (E). The lines show GPC. Wi (*) and Hpz. Wi ().

tion of bone resorption, concomitant to the significant
decrease in bone volume between GI and GIII.

Tibial growth cartilage (GPC.Wi) (um) and hypertro-
phic cartilage width (HpZ. Wi) (um) are shown in Fig.
4. A significant age-related decrease in both GPC.Wi
(um) (6-week-old rats: 402 + 85, 10-week-old rats: 251
+ 64, and 14-week-old rats: 185 + 12) and HpZ. Wi (um)
(6-week-old rats: 138 + 28, 10-week-old rats:92 + 17,
and 14-week-old rats: 53 + 4) was observed. The differ-
ences between 6-week-old and 14-week-old animals
were statistically significant (P < 0.05).

Interradicular bone of the first lower molar

As shown in Fig. 5, and conversely to that observed
in subchondral bone, interradicular bone volume was
found to increase in 10- and 14- week-old rats compared
to 6-week-old animals. BV/TV (%) (GI: 6-week-old rats:
36 + 5.8, GII: 10-week-old rats: 45 + 6.5, and GIII:14-
week-old rats: 50 + 6.0). Statistically significant differ-
ences were observed between 6-week-old animals and

10-week and 14-week-old animals (P < 0.05). A sig-
nificant increase in bone volume concomitant with a
decrease in osteoclast number (N.Oc/mm?) was observed
in sexually mature rats (GI: 6-week-old rats: 4.34 + 1.37,
GII: 10-week-old rats: 2.96 + 1.26, and GIII:14- week-
old rats:2.24 + 1.41, GI vs GIII P <0.05).

Discussion

The results of the present study show significant
changes in histomorphometric parameters of Wistar rat
tibia and interradicular bone of the first lower molar at
different stages of growth: prepubertal (age 6 weeks),
pubertal (age 10 weeks), sexually mature (age 14 weeks).
prepuberty (age 6 weeks), puberty (age 10 weeks),
sexually maturity (age 14 weeks). There are no reports
in the literature comparing bone histomorphometric pa-
rameters of tibial subchondral bone and molar interra-
dicular bone of prepubertal, pubertal, and sexually ma-
ture healthy female Wistar rats. Although both bones
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Fig. 5. Microphotographs of first lower molar interradicular bone sections of different aged animals. 6-week-old animals (A);
10-week-old animals (B); 14-week-old animals (C). The images show an increase in interradicular bone volume with age.
H&E, 40X. Graph D shows bone volume and Graph E shows osteoclast number (N.Oc/mm?) in interradicular bone.

consist of compact and trabecular bone and are part of
the skeleton, their function and dynamics differ.

A significant decrease in subchondral bone volume as
aresult of a decrease in trabecular number, a significant
increase in osteoclast number indicating an increase in
bone resorption, and a significant decrease in total
growth cartilage width and hypertrophic cartilage width
reflecting a decrease in bone formation, were observed
in sexually mature Wistar rats (14-weeks old). Our ob-
servations are in keeping with data reported in the lit-
erature. Roach ef al. and Walker ef al. showed an age-
related decrease in growth cartilage with in healthy rats
directly associated with cessation of growth [27, 35]. In
addition, Chen et al. and Ijiri et al. reported similar find-
ings in rats subjected to immobilization [5, 16].

Unlike subchondral bone, interradicular bone volume
was found to increase in sexually mature female rats;
this finding was associated with a lower osteoclast num-
ber, an indication of lower bone resorption.

Mechanical stress is known to be an important factor
in the regulation of bone remodeling. As regards the type
of mechanical load, the mandible is subjected to me-

chanical loading during mastication [20]; the femur and
tibia are the weight bearing bones involved in movement
and locomotion. Although both types of bones are sub-
jected to mechanical loads, the forces generated during
walking are almost half those to which alveolar bone is
exposed during mastication [7, 19].

As mentioned in the Introduction section, Mavropou-
lus et al. [21] found mandibular alveolar bone to be less
sensitive to protein undernutrition and/or estrogen de-
privation than the proximal tibia spongiosa. The authors
hypothesize that the mechanical loading of the alveolar
process during mastication may protect the alveolar bone
from the detrimental effects observed in other skeletal
sites.

There is a direct relation between bone architecture
and mechanical forces: whereas bone mass is increased
by exercise, it decreases through lack of exercise and
immobility. There is normally a balance between osteo-
blasts that synthesize bone matrix and osteoclasts in
charge of resorption in the bone remodeling process [14,
36].

Alveolar bone has a high bone turn-over rate, and
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normally undergoes resorption on one side of the sock-
et and bone formation on the opposite side as the tooth
migrates [34].

Taking into account findings observed by Braun et al.
[3] in male and female subjects, a possible explanation
to the age-related increase in interradicular bone volume
observed in the present study might be associated the
greater muscle mass development that occurs during
growth.

Another possible explanation to the observed increase
in interradicular bone volume could be associated with
age-related changes in salivary flow and composition [6,
33]. These changes might result in increased mechanical
forces during mastication, with an ensuing increase in
their anabolic effect on alveolar bone, which would in
turn lead to higher bone volume.

In addition, although there is no scientific evidence to
date, the differences observed when comparing age-re-
lated changes in subchondral and interradicular bone
volume might be associated with their different em-
bryologic origin and ossification process [32].

Systemic diseases, such as osteoporosis, hyperpara-
thyroidism, and Paget’s disease, affect all bones, includ-
ing the jaws. Nevertheless, in response to external
stimuli, including ovariectomy and malnutrition, rat
mandibles lose significantly less trabecular bone than
tibia primary spongiosa, suggesting different dynamics
of the two bones [9, 10]. Cherubism, hyperparathyroid
jaw tumor syndrome, and bisphosphonate-related osteo-
necrosis of the jaws (BRONJ) affect only the maxilla
and mandible, also suggesting different dynamics of the
jaws and long bones [19, 21, 28, 29].

Experimental studies on the effects of systemic disease
on bone biology usually focus on subchondral bone of
the tibia or trabecular bone in vertebrae, and few include
evaluation of such effects on mandibular bone. It must
be pointed out that subchondral bone, where histomor-
phometric measurements are usually performed, devel-
ops from the growth of the epiphyseal plate. Whereas
many of the species used for experimental research show
synchrony between the onset of sexual maturity and
growth plate closure, growth plates do not close and
longitudinal bone growth continues long after sexual
maturity in rodents. Therefore, the results obtained from
subchondral bone of rats must be interpreted with care.

The results of the present study show different age-
related changes in each type of bone, highlighting the
importance of analyzing both in order to gain a broader

understanding of the implications of a given disease/
condition on bone. Evaluating both long and craniofacial
bones will contribute data on the particular response of
each bone type to a given condition and ageing, contrib-
uting in turn to decision making regarding medical and
dental treatment strategies and disease management.
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