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Trabecular bone area and bone healing 
in spontaneously hypertensive rats. 
A histometric study

Abstract: Clinical and experimental studies have demonstrated some 
negative effect of hypertension on bone mineral density. The aim of this 
study was to evaluate bone healing and trabecular bone area (TBA) in 
spontaneously hypertensive rats (SHR), a well-established model of es-
sential hypertension, when compared to normotensive rats (NTR). 
A critical-size defect was surgically created in the right tibia of SHR 
(n = 12) and normotensive rats (NTR; n = 12), while the contralateral 
tibia was left intact. Eight days later, the animals were sacrificed and the 
specimens processed in order to obtain decalcified sections. The area of 
newly-formed bone (NB) within the defect of the right tibia and the TBA 
in the left tibia were histometrically evaluated. At 8 days post-operative, 
SHR presented a significantly smaller area of NB when compared to 
NTR (p < 0.05). In addition, SHR demonstrated a lower TBA than NTR 
group. In conclusion, the present study demonstrated that SHR rats pre-
sented a disturbed bone healing and reduced TBA. 

Descriptors: Hypertension; Bone remodeling; Bone density; Rats, 
Inbred SHR.

Introduction
Human essential hypertension is one of the most prevalent multi-fac-

torial medical conditions, characterized by increased peripheral vascu-
lar resistance to blood flow, largely due to vascular remodeling.1 Clinical 
and experimental studies have demonstrated abnormalities in calcium 
metabolism at the systemic level in hypertension.2,3 Essential hyperten-
sion may be linked to the increased mobilization of calcium from bone, 
to the increased losses of calcium from kidney, to the secondary activa-
tion of the parathyroid hormone (PTH) and to the angiotensin II activat-
ing bone cells.4-7

Bone healing is composed of a series of overlapping stages involving 
the coordinated action of several cell lineages on a cascade of biologi-
cal events, and has always been one of the most important concerns in 
medicine and dentistry. The use of some drugs (i.e. corticosteroids, che-
motherapeutic agents and anti-inflammatory drugs) and the presence of 
systemic and environmental factors (i.e. smoking, diabetes and osteopo-
rosis) have been shown to affect bone density and healing.8,9 Although 
the hypothesis that hypertension may have a harmful effect on bone den-
sity was previously evaluated in a series of animal and clinical studies,10-
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14 to date, few investigations have focused on the in-
fluence of hypertension on bone healing.15

Currently the hypothesis that the hypertension 
could lead to an increased incidence of late implant 
loss was evaluated by Alsaadi et al. (2008).16 The 
authors found no significant differences in late fail-
ure between normal and hypertensive individuals.16 
However, the impact of hypertension on early im-
plant failures rate, which is directly related to the 
wound healing process in the early stage of osseoin-
tegration, has never been tested.

Considering the importance of bone quality and 
healing in several medical and dentistry situations, 
the aim of this study was to evaluate bone healing 
and trabecular bone area (TBA) in spontaneously 
hypertensive rats (SHR), a model of essential hy-
pertension, when compared to normotensive rats 
(NTR).

Materials and Methods
Animals

The University of Guarulhos Institutional Ani-
mal Care and Use Committee previously approved 
and supervised this study. Twelve male SHR and 
twelve male Wistar NTR obtained from the Fed-
eral University of São Paulo were included in this 
study. The rats were 150 days of age and weighed 
approximately 259.93 ± 44 g for NTR group and 
220.11 ± 15 g for SHR group, at the beginning of 
the study. During the acclimatization (5 days) and 
experimental periods (8 days), animals were housed 
in groups of four in plastic cages with access to food 
(Labina, Purina, Paulinia, SP, Brazil) and drinking 
water ad libitum in the Bioscience Laboratory of 
Guarulhos University. The rats were kept in a room 
with a 12-hour light/dark cycle and temperature be-
tween 22°C and 24°C. 

Bone healing and density 
After the acclimatization period, general anesthe-

sia was obtained by intraperitoneal administration 
of xylazine (10 mg/kg, Virbaxil; Virbac do Brasil 
Indústria e Comércio, Roseira, SP, Brazil) and ket-
amine (10 mg/kg, Francotar; Virbac do Brasil Indús-
tria e Comércio, Roseira, SP, Brazil). The skin was 
cleaned with iodine surgical soap and an incision of 

approximately 1 cm in length was made in the up-
per area of the tibia. Subsequently, a full thickness 
flap was reflected and the bone surface of the right 
tibiae was exposed. Under profuse saline solution 
irrigation, a unicortical circumferential critical-size 
defect17 (3.0 x 3.0 mm) was drilled on the methaph-
yseal area of the tibiae with a 3.0 mm wide trephine 
bur at a rotary speed not exceeding 1,500 rpm. The 
bur was introduced in the medullar area to create a 
drill hole with 3 mm of height. The soft tissues were 
then repositioned and sutured to achieve the prima-
ry closure [Poly-vycril 5.0 (Ethicon, São Paulo, SP, 
Brazil) and Silk 4.0 (Ethicon, São Paulo, SP, Brazil)]. 
The left tibia remained without defect to be used in 
the analysis of TBA (Figure 1).

Tissue processing 
Animals were euthanized by CO2 inhalation at 

8 days after the creation of the bone defect. Both 
tibia were removed and fixed in 10% buffered for-
malin for 48 hours. The specimens were decalcified 
in a solution containing 10% ethylene-diamine tet-
raacetic acid (EDTA), dehydrated in an ascending 
series of ethanol solution and embedded in paraffin. 
Semi-serial sections (5 µm thick) were obtained in a 
transversal direction and stained with hematoxylin 
and eosin solutions. 

Histometric procedures
All histometric evaluations were performed us-

ing an image analysis system (Image-Pro; Media 
Cybernetics, Silver Spring, MD, USA) by the same 
trained, calibrated and blinded examiner. The three 
most central histological sections of each defect and 
the three corresponding sections in the tibia without 
defect were chosen for histometric evaluation. The 
selected sections were saved as digital images and 
composite digital figures were created by the combi-
nation of two small images. This procedure was per-
formed to permit the view of the entire defect and 
to obtain images at a better level of magnification 
for evaluations. For the analysis of bone healing, 
the total area (TA, mm²) corresponding to medullar 
area of surgical defect was delineated on the com-
posite image. Subsequently, the newly-formed bone 
area (NB, mm²) was delineated within the TA. The 
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value of TA obtained was considered as 100% of the 
defect and the percentage of NB was calculated ac-
cording to the following formula (Figure 1A): 

NB and TBA, an intergroup analysis was performed 
by the Mann-Whitney test. The significance level es-
tablished for all analyses was 1% (p < 0.01).

Results 
There were no statistically significant differ-

ences between the mean body weights of SHR 
(304.1 ± 17 g) and NTR (307.9 ± 54 g) groups at 
the beginning and at the end of the experimental 
period (p > 0.05). The mean percentage of TBA 
was significantly lower in the SHR (15.42 ± 4.16%) 
when compared to the NTR group (21.46 ± 3.96%) 
(p = 0.0026), showing that the trabecular bone was 
negatively influenced by the model of essential hy-
pertension. Figures 2A-2D illustrate the histological 
findings of TBA for SHR and NTR. Figures 2A and 
2C show a low proportion of bone trabeculae with 
large inter-trabecular spaces in the medullar area of 
the methaphyseal region in an animal from the SHR 
group. Figures 2B and 2D illustrate a normal can-
cellous bone. 

The SHR group presented a significantly lower 
percentage of NB area in the defect (25.62 ± 8.56%) 
when compared to the NTR group (86.76 ± 1.78%) 
(p < 0.0001). Figures 3A-3D illustrate the histologi-

For the analysis of the TBA, a standardized quad-
rilateral area (1 mm²) was delimited in the medullar 
area and a checkered diagram was overlaid over this 
region, constituting a drawing of 314 intersections 
as illustrated in Figure 1B. The number of intersec-
tions, under which the presence of bone tissue was 
observed, was then counted. The 314 intersections 
were considered as 100% (1 mm²) and the TBA was 
calculated according to the following formula (Fig-
ure 1B): 

NB (mm2) × 100

TA (mm2)

Statistical analysis
The mean percentage of NB and TBA of the three 

sections were averaged for each animal and across 
animals in the two experimental groups (SHR or 
NTR). In order to test the hypothesis that the exper-
imental model of hypertension had no influence on 

(number of counted intersections) × 100

314

Figure 1 - (A) Defect after healing 
period with newly-formed bone 

and the remained defect. (B) Tibia 
without defect with a checkered 
diagram used for the analysis of 
trabecular bone area (TBA). CB: 

cortical bone; MB: medullar bone.

Tibia with defect:
bone healing analysis

Remained defect

Newly-formed bone

Total Area (TA)

3 mm

3 mm

MB

CB

Tibia without defect:
TBA measurement

Checkered diagram

3 mm

3 mm

MB

CB

A B
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cal findings of bone healing for SHR and NTR, re-
spectively. Figures 3A and 3C show NB restricted 
to areas close to the borders of the surgical defect, 
with immature and poorly organized bone trabecu-
lae from SHR. Figures 3B and 3D present a consid-
erably increased new well-organized bone growth 
coming from the walls of the defect in the control 
group. 

Discussion
The outcomes of dental and orthopedic implants 

and the increased risk of fracture are directly re-
lated to bone quality. In addition, successful bone 
formation after tooth extraction, osseointegration 
of implants, reconstruction of skeletal defects and 

fracture repair are totally dependent on an adequate 
bone healing. As such, the influence of systemic 
conditions and habits on bone tissue should be con-
sidered in order to find the groups with increased 
risk for deficient bone repair and poor bone density. 
Thus, the aim of this study was to investigate the in-
fluence of hypertension on bone healing and TBA in 
the tibia of SHR, considered to be a reliable model 
of essential hypertension. 

In the present study, NTR with 150 days of age 
showed a considerably greater TBA than the age-
matched SHR. In addition, at 8 days post-opera-
tive, the SHR group presented a significantly lower 
bone formation than that of the NTR group within 
the surgically-created critical-size defects. Based 

mb

Figure 2 - Photomicrographs illustrating transversal sections of the tibia without defect for SHR (A/C) and NTR (B/D) groups, 
showing low proportions of bone trabeculae and large inter-trabecular spaces in the medullar area of the SHR group. Lower 
magnification, 25 X (A/B). Higher magnification, 100 X (C/D). cb: cortical bone; mb: medullar bone; bone trabeculae (ar-
row). 

mb
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C D

mb

cb
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on these findings, it could be suggested that hyper-
tension affected not only the density of the preex-
isting bone but also the newly-formed bone tissue 
of the medullar region. It is important to note that 
the histometric analyses were performed only in the 
medullar region of the tibia, excluding the cortical 
bone. This criterion was chosen based on the fact 
that medullar bone, which presents a great potential 
for repair due to the presence of large numbers of 
bone cells, is more responsive to the influence of risk 
factors (i.e. osteoporosis, cigarette smoking), espe-
cially in short-term experimental periods.8, 9

The reduced TBA observed in the SHR of the 
present study is consistent with some previous inves-
tigations using the same animal model with differ-

ent ranges of age. Metz et al. (1990)18 demonstrated 
that SHR at 6 weeks of age exhibited significantly 
lower levels of bone density than NTR and that this 
reduced density can be reverted by supplemental 
dietary calcium. Barbagallo et al. (1990)19 showed 
that 24-week-old SHR presented a lower bone den-
sity and calcium content than age-matched NTR. 
Similar findings were observed by Barbagallo et al. 
(1991),20 Inoue et al. (1995)21 and Wright and DeM-
oss (2000).12

Together, the results of our and these experimen-
tal studies support the clinical investigations docu-
menting an association between low bone mineral 
density (BMD) and high blood pressure. Cappuccio 
et al.(1999),2 evaluating 3,676 women, showed that 

Figure 3 - Photomicrographs illustrating transversal sections of the right tibia with the surgical defect for SHR (A/C) and NTR 
(B/D) groups. Figure 3A shows newly-formed bone restricted to areas close to the borders of the defect, while figure 3B illus-
trates a large amount of new bone coming from the walls of the defect. Lower magnification, 25 X (A/B). Higher magnification, 
100 X (C/D). cb: cortical bone; mb: medullar bone; nb: newly-formed bone; rd: remained defect. 
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elevated blood pressure in elderly white women was 
associated with increased bone loss at the femoral 
neck. Similarly, Tsuda et al. (2001)3 observed by 
means of dual-energy X-ray absorptiometry a sig-
nificant decrease in BMD in female hypertensive 
compared with normotensive women. Gotoh et al. 
(2005)13 demonstrated that the BMD in the lum-
bar spine in women with normotension was higher 
than that of women with essential hypertension. Al-
though the precise pathophysiological mechanisms 
by which hypertension could have a harmful effect 
on bone density are still unclear. Some suggested 
hypotheses include changes in PTH and calcium 
metabolism and the role of angiotensin II in bone 
cells. Angiotensin II is the major mediator of the 
maintenance of extracellular fluid volume and blood 
pressure and may decelerate osteoblastic differen-
tiation and bone formation and activate osteoclasts 
and bone resorption.4-7, 21-23

Although some studies have already reported the 
influence of hypertension on bone density, the results 
of the present study contribute to the original infor-
mation regarding the negative effect of hypertension 
on the early stages of bone healing in a surgically-
created critical-size defect. A mechanism that could 
partially explain our histometric results may also be 
attributed to the influence of angiotensin II on bone 
cells. Although the effect of angiotensin II on osteo-
blastic cells is still controversial and predominantly 
based on in vitro studies,23-25 there is some evidence 
to suggest that this mediator is a potent suppres-
sor of the differentiation of osteoblastic cells and, 
consequently, of the bone formation by these cells.22 
Our findings are contradictory to those described 

by Pereira et al. (2007),15 in which the amount of 
newly-formed bone was similar in SHR and NTR 
animals at 7 days and higher in SHR at 21 days 
post-operative. In addition to the differences in the 
experimental periods between this study and ours, 
these conflicting results may also be explained by 
dissimilarities in rat age (data not shown) and gen-
der (male and female) and by the localization (femur 
diaphysis) and size (2 mm) of the defects. The use of 
the critical-size defect is important to evaluate the 
real impact of local and systemic factors that could 
influence bone healing. Lewandrowski et al. (1999)17 

observed that a surgically created defect of 3 mm in 
diameter in rat tibia did not heal spontaneously in 
up to 7 weeks post-operative, being an appropriate 
model for evaluations of the newly-formed bone. 

Conclusion
The results of the present study demonstrated 

that SHR rats presented an impairment of bone 
healing and reduced TBA, indicating that individu-
als with essential hypertension could be a risk group 
for these bone disorders. Nevertheless, further stud-
ies should be considered in order to clinically evalu-
ate the relevance of our findings. 
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