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Introduction

Stress may be considered as a process that affects may bodily,
mental and psychological functions1,2. The central components
of the stress response are the hypothalamic-pituitary-adrenal
axis and the sympathetic nervous system3-11.

Adrenal hypertrophy, gastric ulceration, and thymolym-
phatic dystrophy are the classical triad of the stress noted many
decades ago by Selye12,13.

Cortisol reduces the utilization of amino acids for protein
formation in muscle cells. Stress resulting in cortisol excess
can lead to progressive protein loss, muscle weakness and at-
rophy, and bone mass loss through increased calcium excretion
and less calcium absorption14. Three mechanisms are involved

in bone loss induced by corticosteroids: First, physiological
changes; second, behavioral distortion of eating, drinking, ex-
ercise and sleep habits; third, anxiety, depression, loss of social
roles and social isolation, further promoting the stress cycle15. 

Bone resorption can be assessed using the urinary biomarker
hydroxyproline16. This is a useful tool for assessing fracture risk
at hip, humerus and other bones, as well as for monitoring the
effectiveness of osteoporosis therapy as it provides important
information about the antiremodeling efficacy of various treat-
ments, particularly the antiresorptive medications17.

It has been reported that impaired mineralization of the
mandible, as shown by low ratios of calcium and inorganic
phosphorus to hydroxyproline, occur in rhesus monkeys sub-
mitted to postcranial immobilization18. Moreover, it is docu-
mented that osseointegration of titanium implants may be
affected by corticosteroid treatment.

In recent years, an interrelationship between systemic loss and
resorption of the alveolar bone has been observed. The degree of
alveolar bone loss increases with age, and this may be partly related
to systemic conditions that also encourage the development of os-
teoporosis. The relationship between the mandible and primary os-
teoporosis was further established by clinical studies19-22. Although
the alveolar bone loss is independently influenced by local and
systemic factors, including osteoporosis, a cross-sectional study in
post-menopausal women, evaluated the influence of oral infection
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and age in association with osteoporosis and oral bone loss23. Apart
from systemic conditions alveolar bone loss can be precipitated by
a combination of local factors (periodontal diseases) that increase
periodontal alveolar bone loss rates24. 

Stress-induced hypercortisolism and the excess of released
glucocorticoids also directly affect bones, inhibiting osteoblas-
tic activity and causing osteoporosis25. The main effect of glu-
cocorticoids on bone is inhibition of osteoblast function,
leading to linear decrease in bone formation26. 

It has been also referred that systemically, corticosteroids treat-
ment reduces circulating levels of estrogen and modestly increases
parathyroid hormone levels, while at local level, decreases insulin-
like growth factor I (IGF-I) production, induce IGF-I resistance
and increases nuclear factor kappaB ligand production by os-
teoblasts27. These alterations inhibit new bone formation and stim-
ulate bone resorption with a net loss of bone, resulting to decreased
bone mineral density, osteoporosis and increased fracture-risk. 

Weinstein et al.28 recently demonstrated that treatment with
dexamethasone decreased the number of osteoclast progenitors
in bone marrow, whereas the total number of osteoclasts on
the bone surface was increased by the promotion of osteoclast
survival via the prevention of apoptosis. Steroid treatment sig-
nificantly decreased the bone mineral content (BMC) and bone
mineral density (BMD) of the femur (metaphysis and diaph-
ysis) and also significantly lowered the cortical thickness29. 

Recent studies indicate that jaws may serve as an index for
BMD and the mandible panoramic radiography measures, may
be useful tools in identifying postmenopausal women or subjects
at risk for osteoporosis with low skeletal BMD30-33, high bone
turnover rate34, or high incidence of osteoporotic fractures35.

The aim of the study was to investigate the role of different
kind of stress in the mandible bone mass of Wistar mice.

Material and methods

75 male Wistar mice aged 2.5 months were divided into
three groups (n=25 each). The animals were housed under a
daily cycle of 12 h darkness and 12 h light, a constant temper-
ature of 21±1oC. The experiment duration was 137 days.

The animals of group A were used as the control group while
the animals of group B were submitted to isolation stress. The
animals of group C were exposed to chronic stress by elec-
troshock with 22-45 volts for duration of 4 seconds per minute
for one hour on each day. A special cage with floor bars and “sta-
tic scrambler” circuit inducing electrical stimulus was used for
this (Ugo Basile automatic reflex conditioner Cat. No.7530.)

During the study all animals had access in standard rodent
chow and water ad libitum. The food contained albumins 18%,
fats 3-7%, ash 5%, Ca 1.5-2%, P04 0.8-1%, total celluloses 6%.

The animals were weighed every10 days. Urine levels of
hydroxyproline were measured on Day 60 and Day 90 day,
using the Hypernosticon kit (Organon-Teknika, Boxtel, Hol-
land)36 and the animal motor activity was evaluated with a spe-
cial appliance (Ugo Basile activity cage Cat. No. 7420) on Day
58 and Day 90.

Groups Xmean±SD Control (groupA) Isolation stress (groupB) Stress electrical stimuli (group C)

Food g/day 8,1±0,5* 6±0,2 6,5±0,6
Water ml/day 14,8±0,9# 12,2±0,7 10,6±0,4

*A/B and A/C p<0,05 and # A/C p<0.05

Table 1. Food and water consumed per day.

Group A Group B Group C

Body weight (g) 40,74±0,7 36,54±0,87 37,927±0,83

Adrenals absolute
Weight mg ± SE

5,95±0,16 4,87±0,18 6,54±0,1**

Adrenals weight/body weight mg/g ± SE 148±0,3 132±0,5 167±0,6**

White cells % 44,2±3,7 69,3±2,7* 42,5±3,3

**p<0,001  *p<0,05 

Table 2. Body and Adrenals weight on day of sacrifice.

Control Isolation stress Stress electrical stimuli 
(group A) (group B) (group C)

16± 2,3 56,5±4,7* 68,7±3,5)*

*A/B and A/C p<0,05

Table 3. Corticosterone concentration μg/dl (Xmean±SD).
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Animals were anesthetized by ether in special cages and sac-
rificed on Day 137. Blood was collected from the right atrium by
heparinized test tubes, stored on ice and centrifuged at 3000 g for
10 minutes at 4 degrees Celsius for the determination of blood
corticosterone levels. Corticosterone concentration in plasma was
measured by radioimmunoassay 125I- Radioassay. (Immuchem Co
Carson City CA)37. Animals were sacrificed between 8.00 h and
10.00 in the morning. The animals of groups B and A were taken
from the housed cages and sacrificed immediately while group C
was sacrificed 1 hour after the electrical stimuli.

The incisors of the mandible were removed because of their
increased contents in calcium that could influence the calcium
estimation of the jaw. Adrenal glands and mandible were isolated,
removed and weighed. White blood cells count was determined.
Mandible volume and calcium content were measured. After iso-
lating the mandible from soft tissues, it was placed in special
porcelain cups and was heated to 600 degrees Celsius for 24
hours. Thereafter, 30 ml of HCl solution (6N) was added to the
resulting bone ash. Bone calcium content was measured by
atomic absorption spectroscopy, which determines the presence
of metals in liquid samples (Perkin Elmer A Analyst 700).

The animals were housed and cared according to the” Guide
for the Care and Use of Experimental animals”38.

Results

Compared to group A, both stressed groups had significantly
lower food consumption, whereas the difference in water intake
was lower only in group C (Table 1). Differences in mobility were
not statistically significant. Body weight was similar between
groups on the day of sacrifice, but the stressed animals had a
slower increase of body weight during the experimentation period
(Table 2). Compared to baseline, the final weight was increased
by 10% in group C, 15% in group B and 17% in group A. A sta-
tistically significant difference (p<0.01) was observed between
the mean weight of groups B and A during the last 10 days.

The absolute weight of the adrenals and the ratio between ad-
renal weight and body weight was statistically significantly in-

creased under stress condition in group C (electrical stimuli) in
comparison to the control group (p<0.001). The percentage of
white cells (lymphocytes) was increased in group B while no dif-
ference was observed in group C (Table 2). Plasma corticosterone
levels of group B and C were increased in comparison to group A
(Table 3).

Urine collection for the determination of hydroxyproline ex-
cretion was performed in special cages (5 mice per cage in order
to collect enough urine). No statistically significant differences
between the groups were found, but the ratio between calcium
and hydroxyproline was higher in the stressed groups (Table 4).

Stress affects the weight of the jaw. A non statistically sig-
nificant decrease of the mandible absolute weight in Group B
and C was observed. The mandible volume was decreased in
group C (electrical stimuli) and increased in the isolation group
compared to the control (no statistically significant). In addi-
tion no difference in the mandible specific weight between the
groups was observed. The absolute calcium concentration of
the mandible was decreased in stressed groups in comparison
to control (C vs A, B vs A, p<0.05).

The ratio between calcium content and mandible volume was
statistically significantly decreased in group C compared to the
control, while the ratio calcium versus mandible weight was in-
creased under stress but statistically significant only in group C.

Discussion

Osteoporosis, the most common degenerative disease39 in de-
veloped countries, typically exhibits reduced bone mass resulting
from imbalanced bone remodelling with a net increase in bone
resorption. Epidemiological studies implicate major depression
as one of the most important medical conditions that contribute
to reduced BMD and increased incidence of osteoporosis40.

A large number of studies have observed an increased ac-
tivity of the adrenal cortex during stress. Μany investigators
of various medical fields have documented steroid-induced os-
teoporosis, but these results are not fully disseminated among
dental professionals24,41-43.

Groups Xmean±SD Control Isolation stress Stress electrical stimuli 
(group A) (group B) (group C)

Body weight (g) 40,74±0,7 36,54±0,87 37,927±0,83
Mandible abs. weight (mg) 55,291±0,96 52±1,6 51,96±0,88
Ratio Mand.weight/body weight (mg/g) 2,71±0,04 2,8±0,07 2,7±0,06
Volume mand. cm3 24,42±1,2 26,36±1,41 22,93±1,14
Specific weight mg/ cm3 2,26±0,8 1,97±1,13 2,26±0,77
Absolut Ca++mg/dl 480±1,9 423±0,94* 411,53±0,82*
Ratio Ca++ mand/ mand. volume mg/dl/ cm3 17,14±0,862 16,79±0,96 12,14±0,092*
Ratio Ca++ mand/ mand. Weight1 mg/dl/mg 7,57±0,211 8,11±0,32 8,25±0,1142*
Hydroxyproline mg/24h 0,451±0,07 0,335±0,071 0,353±0,044
Ca/HO-Pr 1064,3±27,14 1262,69±13,24 1165,81±18,64

*p<0,05

Table 4. Bone Parameters during stress influence.
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Glucocorticoids and sympathetic agonists are considered as
inhibitors of bone formation and inducers of bone mass reduc-
tion44-46.

According to the results (Table 2) it is obvious that both kind
of stress procedures increase animal adrenals weight, which is
an established index of enhanced corticosteroids levels in sys-
tematic circulation, as a response to stress stimuli and as it is
referred by other investigators and as it is even described to
promote an excess of injuries because of stressxl47-48.

In Table 4 it is shown that although stress influences the
bone mass quality of the mandible, no differences in mandible
weight /body weight ratio is observed. This may occur because
both body weight and mandible absolute weights are reduced
by stress, so as the expressed ratio can not reveal these alter-
ations. The observed decrease in body weight of the experi-
mental groups may be attributed to stress enhanced
corticosteroids release. Similar results are demonstrated in an-
imals under prednisone treatment, which may serve as an ex-
perimental model for osteoporosis49.

Moreover a large number of studies demonstrated a de-
crease of the mandible size in length and height under gluco-
corticoid treatment, that may reflect a diminution of the bone
weight50,51. Similar changes of mandibular sizes are observed
in population with osteoporosis induced fracture52.

The mandible volume was decreased in experimental ani-
mals under electrical stimuli. Probably the electrical stimuli in-
ducing intense stress condition and further corticoids release
resulted in reduction of the bone mineral content. This is in
agreement with the findings of Kozai et al53 where repeated
prednisone treatment produced similar changes in the mandible
such as decreased cortical bone mineral content, cortical thick-
ness, stress/strain index and tissue bone volume . The immobi-
lization stress and the low-mineral diet leads to decreased
mandible BMC54,55. In addition, other studies show a highly sig-
nificant correlation between total body bone mineral content
assessed by absorptiometry (Dichromatic Bone Densitometer
Model 2600; Norland Co., WI, USA) and the total body ash
weight of rats demonstrating the reduced bone density in os-
teoporotic rats56. The above stressed animals had limited food
intake in relationship to the controls (Table 1), which is in ac-
cordance with the study of the restricted mineral diet57,58. On
the other hand the observed increased animal mobility under
stress may be helpful to prevent further bones injuries.

In contrast, the ratio between calcium content and mandible
weight was increased in the stressed groups. Similar results
are reported by various investigators, who observed increased
bone mass parameters in asthmatic subjects undergoing corti-
costeroids therapy, where long term inhaled budesonide led to
a small enhancement or no alteration of bone calcium con-
tent57-59. Besides it is suggested that even a long duration of
corticosteroids administration does not necessarily affect the
calcium content of various bones60.

On the other hand an excess of catabolism occurs during
stress since as it is shown in Table 4 urine hydroxyproline lev-
els are decreased in both stressed groups18. In contrast the ratio
between calcium and hydroxyproline is increased in the

stressed groups and it can be suggested that it reflects a de-
creased bone organic fraction61.

Although hydroxyproline was decreased in both stressed
groups without statistical difference, this discrepancy from the
control may serve as an index of the osseous tissue catabolism
and can explain that since the bone is deprived from organic
substitute it contains relatively more calcium per bone unit.
Furthermore it is suggested that minimal trauma fractures may
occur in patients treated with glucocorticoids at higher bone
mineral density than is seen with other primary or secondary
causes of osteoporosis62. 

It may be concluded that mandible bone mass is affected by
different kinds of stress and may serve as a parameter for the
diagnosis, prevention and treatment of bone mass deficiency
for better osteoporosis incidence estimation and management
in the general population63,64. 

References

1. Hans Selye. The Stress of Life. New York: McGraw-Hill;
1956.

2. Viner R. Putting stress in life: Hans Selye and the making
of stress theory. Social Studies of Science 1999;29:391-
410.

3. Habib KE, Gold PW, Chrousos GP. Neuroendocrinology
of stress.Endocrinol Metab Clin 2001;30:695-72.

4. Miller DB, O’Callaghan JP. Neuroendocrine aspects of
the response to stress. Metabolism 2002;51:5-10.

5. Pacak K, Palkovits M. Stressor specificity of central neu-
roendocrineresponses: implications for stress-related dis-
orders. Endocr Rev 2001;22:502-48.

6. Tsigos C, Chrousos GP. Hypothalamic-pituitary adrenal
axis, neuroendocrine factors and stress. J Psychosom Res
2002;53:865-71.

7. Chrousos GP. The hypothalamic-pituitary-adrenal axis
and the immunemediated inflammation. N Engl J Med
1995;332:1351-62.

8. De Boer SF, Slangen JL, Van der Gugten J. Adaptation of
plasma catecholamine and corticosterone responses to
short-term repeated noise stress in rats. Physiol Behav
1988;44:273-80.

9. Natelson BH, Creighton D, McCarty R, Tapp WN, Pit-
man D, Ottenweller JE. Adrenal hormonal indices of
stress in laboratory rats. Physiol Behav 1987;39:117-25.

10. Bajayo A, Goshen I, Feldman S, et al. Chronic mildstress
induces depression and bone loss in mice: pharmacolog-
ical attenuation by anti-depressanttherapy and possible
involvement of the sympathetic nervous system and hy-
pothalamic-pituitary-adrenalaxis. J Bone Miner Res
2005;20:276. 

11. McCormick RK. Osteoporosis: integrating biomarkers
and other diagnostic correlates into the management of
bone fragility. Altern Med Rev 2007;12:113-45. 

12. Selye H. A syndrome produced by diverse noxious
agents. Nature 1936;138:32.



N. Seferos et al.: Stress and mandible calcium content changes

235

13. Harris GW. The hypothalamus and endocrine glands. Br
Med Bull 1950;6:345-50.

14. Brillon et al. Effect of cortisol on energy expenditure and
amino acid metabolism in humans. Am J Physiol 1995;
268:501-13.

15. Kumano H. Osteoporosis and stress. Clin Calcium 2005;
15:1544-7.

16. Garnero P, Delmas PD. New developments in biochemi-
cal markers for osteoporosis. Calcif Tissue Int 1996;
59:S2-9.

17. Weisman SM, Matkovic V. Potential use of biochemical
markers of bone turnover for assessing the effect of cal-
cium supplementation and predicting fracture risk. Clin
Ther 2005;27:299-308.

18. Simmons DJ, Russell JE, Walker WV, Grazman B, Oloff
C, Kazarian J. Growth and maturation of mandibular bone
in otherwise totally immobilized rhesus monkeys Clin.
Orthop. Related Research 1984;182:220-30.

19. Bianchi A, Sanfilippo F. Osteoporosis: the effect on
mandibular bone resorption and therapeutic possibilities
by means of implant prostheses. Int J Periodontics
Restorative Dent 2002;22:231-9.

20. Wactawski-Wende J. Periodontal diseases and osteoporo-
sis: association and mechanisms. Ann Periodontal 2001;
6:197-208.

21. Tezal M, Wactawski-Wende J, Grossi SG, Ho AW, Dun-
ford R, Genco RJ. The relationship between bone mineral
density and periodontitis in postmenopausal women. J Pe-
riodontal 2000;71:1492-8.

22. Tesseromatis C, Myrkou A, Dalles C, Speggos M.
Metacarpal index in periodontal disease. Stomatol DDR
1989;39:469-73.

23. Brennan-Calanan RM, Genco RJ, Wilding GE, Hovey
KM, Trevisan M, Wactawski-Wende J. Osteoporosis and
oral infection: independent risk factors for oral bone loss.
J Dent Res 2008;87:323-7.

24. Hildebolt CF. Osteoporosis and oral bone loss. Den-
tomaxillofac Radiol 1997;26:3-15.

25. Ogoshi T, Hagino H, Fukata S, Tanishima S, Okano T,
Teshima R. Influence of glucocorticoid on bone in 3-,6-,
and 12-month-old rats as determined by bone mass and
histomorphometry. Mod Rheumatol 2008;18:552-61.

26. De Nijs RN. Glucocorticoid-induced osteoporosis: a re-
view on pathophysiology and treatment options. Minerva
Med 2008;99:23-43.

27. Olney RC. Mechanisms of impaired growth: effect of
steroids on bone and cartilage. Horm Res 2009;72:30-5.

28. Weinstein RS, Chen JR, Powers CC, Stewart SA, Landes
RD, Bellido T, Jilka RL, Parfitt AM, Manolagas SC. Pro-
motion of osteoclast survival and antagonism of bispho-
sphonate-induced osteoclast apoptosis by glucocorticoids.
J Clin Invest 2002;109:1041-8.

29. Kozai Y, Kawamata R, Sakurai T, Kanno M, Kashima I.
Influence of prednisolone-induced osteoporosis on bone
mass and bone quality of the mandible in rats. Dentomax-
illofac Radiol 2009;38:34-41.

30. Klemetti E, Kolmakov S, Kroger H. Pantomography in
assessment of the osteoporosis risk group. Scand J Dent
Res 1994;102:68-72.

31. Taguchi A, Suei Y, Ohtsuka M, Otani K, Tanimoto K,
Ohtaki M. Usefulness of panoramic radiography in the
diagnosis of postmenopausal osteoporosis in women:
width and morphology of inferior cortex of the mandible.
Dentomaxillofac Radiol 1996;25:263-7.

32. Devlin H, Horner K. Mandibular radiomorphometric in-
dices in the diagnosis of reduced skeletal bone mineral
density. Osteoporos Int 2002; 13:373-378.

33. Horner K, Devlin H, Harvey L. Detecting patients with
low skeletal bone mass. J Dent 2002;30:171-5.

34. Taguchi A, Sanada M, Krall E, et al. Relationship be-
tween dental panoramic radiographic findings and bio-
chemical markers of bone turnover. J Bone Miner Res
2003;18:1689-94.

35. Bollen AM, Taguchi A, Hujoel PP, Hollender LG. Case-
control study on self-reported osteoporotic fractures and
mandibular cortical bone. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2000;90:518-24.

36. Rosen HN, Moses AC, Gundberg C, Kung VT, Seyedin
SM, Chen T, Holick M and Greenspan SL. Therapy with
parenteral pamidronate prevents thyroid hormone-in-
duced bone turnover in humans.Journal of Clinical En-
docrinology & Metabolism1993;77:664-9.

37. Haimovici A, Wang Y, Cohen E, Mintz M. Social attraction
between rats in open field: long-term consequences of kin-
dled seizures. Brain Research 2001;922(I)1:125-34.

38. Committee on Care and Use of Laboratory animals.
Guides for the care and use of laboratory animals. Wash-
ington DC: Institute of Laboratory Animals and Re-
sources. National Research Council; 1985. p. 83.

39. Karsak M, Cohen-Solal M, Freudenberg J, Ostertag A,
Morieux C, Kornak U, Essig J, Erxlebe E, Bab I, Kubisch
C, de Vernejoul MC, Zimmer A. Cannabinoid receptor
type 2 gene is associated with human osteoporosis.
Human Molecular Genetics 2005;14:3389-96.

40. Yirmiya R, Goshen I, Bajayo A, Kreisel T, Feldman S,
Tam J, Trembovler V, Csernus V, Shohami E, Bab I. De-
pression induces bone loss through stimulation of the
sympathetic nervous system. Proc Natl Acad Sci USA
2006;103:16876-81. 

41. Lukert BP, Raisz LG. Glucocorticoid-Induced Osteoporo-
sis: Pathogenesis and Management. Ann Intern Med
1990;112 :352-364.10.1059/0003-4819-112-5-352.

42. Van der Wiel HE, Polman CH, Netelenbos JC. Corticos-
teroids and bonemass. Ann Intern Med 1990;113:560.

43. Yeap SS, Hosking DJ. Management of corticosteroid-in-
duced osteoporosis. Rheumatology (Oxford) 2002;
41:1088-94.

44. Togari A, Arai M, Kondo A.The role of thesympathetic
nervous system in controlling bone metabolism. Expert
Opin Ther Targets 2005;9:931-40.

45. Hiwatashi A,Westesson PL. Patients with Osteoporosis
on Steroid Medication Tend to Sustain Subsequent Frac-



N. Seferos et al.: Stress and mandible calcium content changes

236

tures. Am J Neuroradiol 2007;28:1055-7.
46. Inoue H, Kondo A, Togari A. Activation of the peripheral

sympathetic nervous system increased the expression of
cyclooxygenase-2(COX-2) mRNA in mouse calvaria. 1:
Neurosci Lett 2003;338:37-40.

47. Gamaro GD, Manoli LP, Torresa ILS, Silveira R, Dalmaz
C. Effects of chronic variate stress on feeding behavior
and on monoamine levels in different rat brain structures
Neurochemistry International 2003;42:107-14.

48. Garzonis P, Manta S, Papadopoulos JS. Anatomo-patho-
logic lesions of kidneys in mice subjected to chronic
stress. Ann Anat Pathol (Paris) 1980;25:295-306.

49. Miller C, Bowman BM, Jee WSS. Available animal models
of osteopenia – Small and large. Bone 1995;17:117-23.

50. Fujita Y, Konoo T, Maki K. Short-term etidronate treat-
ment prevents glucocorticoid-induced bone debility of the
mandible in growing rats. Orthodontics & Craniofacial
Res 2008;11:187-95.

51. Yuko Fujita. Differential Response of Risedronate on Tib-
ial and Mandibular Bone Quality in Glucocorticoid-
treated Growing Rats. The Journal of the Kyushu Dental
Society 2008;62(1.2):1-17.

52. Vlasiadis KZ, Skouteris CA, Velegrakis GA, Fragouli I,
Neratzoulakis JM, Damilakis J, Koumantakis EE.
Mandibular radiomorphometric measurements as indica-
tors of possible osteoporosis in postmenopausal women.
Maturitas 2007;58:226-35.

53. Kozai Y, Kawamata R, Sakurai T, Kanno M, Kashima I.
Influence of prednisolone-induced osteoporosis on bone
mass and bone quality of the mandible in rats. Dentomax-
illofac Radiol 2009;38:34-41.

54. Hashiguchi N, Shimahara M, Tanak Y, Nagisa N, Kono
K, Dote T, Usuda K, Shimizu H. X-ray fluorescence
measurement of bone calcium, phosphorous and fluoride
in a rat osteoporosis model. J Med 2004;35:115-24.

55. Patterson-Buckendahl P, Rusnák M, Fukuhara K, Kvet-
nanský R. Repeated immobilization stress reduces rat ver-

tebral bone growth and osteocalcin. Am J Physiol Regul
Integr Comp Physiol 2001;280:79-86.

56. Kiyoshi N, Yoshiki N, Satoshi H, Hidenori K, Takami M,
Hironobu O, Hirotoshi M. Effect of Calcitonin on Total
Body Bone Mineral Contents of Experimental Osteo-
porotic Rats Determined by Dual Photon Absorptiometry.
Calcif Tissue Int 1990;47:378-82.

57. Agertoft L, Pedersen S. Bone mineral density on children
with asthma receiving long term treatment with inhaled
budesonide. Am J Respir Crit Care Med 1998;157:178-83.

58. Luengo M, del Rio L, Pons F, Picado C. Bone mineral den-
sity in asthmatic patients treated with inhaled corticos-
teroids: a case-control study. Eur Respir J 1997;10:2110-3.

59. Martinati B, Bertoldo F, Gasperi E, Micelli S, Boner AL.
Effect on cortical and trabecular bone mass of different
anti-inflammatory treatments in preadolescent children
with chronic asthma. Am J Respir Crit Care Med
1996;153:232-6.

60. Yeap SS, Fauzi AR, Kong NC, Halim AG, Soehardy Z,
Rahimah S, Chow SK, Goh EM. Influences on bone mineral
density in Malaysian premenopausal systemic lupus erythe-
matosus patients on corticosteroids. Lupus 2009;18:178-81.

61. Liu SP, Chen J, Yang SM, Wu XP, Liao EY, Sheng ZF,
Mo H, Ma YL, Zhang YH, Liu W, Jin Y, Dai RC. Dy-
namic effects of glucocorticoid on bone mineral density
and microarchitecture: experiment with rats. Zhonghua
Yi Xue Za Zhi 2008;88:2281-4.

62. Berris KK, Repp AL, Kleerekoper M. Glucocorticoid-in-
duced osteoporosis. Curr Opin Endocrinol Diabetes Obes
2007;14:446-50. 

63. Jiang GZ, Matsumoto H, Hori M, Gunji A, Hakozaki K,
Akimoto Y, Fujii A.Correlation among geometric, densit-
ometric, and mechanical properties in mandibleand femur
of osteoporotic rats. J Bone Miner Metab  2008;26:130-7.

64. Lelovas PP, Xanthos TT, Thoma SE, Lyritis GP, Dontas
IA.The laboratory rat as an animal model for osteoporosis
research. Comp Med 2008;58:424-30.


