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Introduction

Osteoporosis leads to bone mass reduction while periodontal
disease causes resorption of the alveolar bone. Both conditions
have some common risk factors like smoking, poor nutri-
tional status, age and immune deficiency.' The bone changes
caused by osteoporosis seem to aggravate periodontal dis-
ease, however, the pathogenesis of that process is not yet fully
understood.’

A possible pathway in which systemic bone loss may lead
to more severe periodontal destruction is that the reduced
bone mineral density (BMD), caused by osteoporosis in the
alveolar bone, may facilitate local bone resorption caused by
the periodontal disease.? Another possibility is that systemic
factors of bone remodeling could modify local tissue response
to periodontal infection. Accordingly, individuals with
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systemic bone loss who have periodontitis may react
differently to the increased production of cytokines and
inflammatory mediators, therefore presenting more severe
periodontal disease.’

Periodontitis is an infection caused by components of the
oral microbiota. Host inflammatory-immunologic responses
to the periodontal microorganisms are responsible for most
of the observed tissue damage, like periodontal attachment
loss and alveolar bone loss.* Although curable at its early
stage, periodontitis remains one of the most common causes
of tooth loss. Therefore, prevention and early detection of
periodontal disease are essential to reduce the damages it
implies.*

Some systemic conditions and behaviors, like poorly
controlled diabetes, obesity, smoking and alcohol abuse,
among others, may modify periodontal disease features. An
inadequate dietary consumption of calcium and vitamin D

2255-5021/© 2016 Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).


dx.doi.org/10.1016/j.rbre.2016.03.004
http://www.reumatologia.com.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rbre.2016.03.004&domain=pdf
mailto:sandratorres@ufrj.br
dx.doi.org/10.1016/j.rbre.2016.03.004
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

REV BRAS REUMATOL.2017;57(3):270-273 271

may also represent a modifiable risk factors for this disease.
Osteoporosis has been related to the severity of periodontal
disease, but full explanation for this relationship is still
lacking.»? The aim of this study is to review the literature
on the association between osteoporosis and periodontal
disease.

The biological plausibility of the association
between periodontal disease and osteoporosis

The pathogenesis of periodontal disease is a complex process
because it involves host immune response to the subgingival
biofilm.* Periodontitis is associated with increased recep-
tor activator of nuclear factor kappa-g ligand (RANKL) and
decreased osteoprotegerin (OPG) levels in gingival tissue
and biological fluids, including saliva and gingival crevicu-
lar fluid, thus resulting in increased RANKL/OPG ratio.” The
involvement of RANKL and OPG system is also well estab-
lished in the pathogenesis of postmenopausal osteoporosis.®
Clinical studies have reported significant higher serum lev-
els of RANKL in postmenopausal women with periodontal
disease compared to matched subjects with periodontal
health.®

The increased production of proinflammatory cytokines,
such as interleukin IL-1B, IL-6, tumor necrosis factor-a (TNF-
«) and RANKL, are important factors in the pathogenesis and
progression of periodontal disease and osteoporosis.®’ As
such, modulation of the expression of these cytokines may
be a possible link between inflammation and bone resorption
in osteoporosis and periodontal disease.’

Estrogen deficiency has been considered a key factor for the
development of osteoporosis.® Furthermore, estrogen influ-
ences the function of human periodontal ligament cells
causing an increase in the OPG expression and a decrease
in RANKL. Accordingly, that hormone may play an important
protective role in the antiresorptive effects on human alveolar
bone.? The influence of serum estrogen in periodontal status
of women in early menopause was identified in a longitudinal
study.'® The authors observed that women with normal estro-
gen levels presented more biofilm than those suffering from
estrogen deficiency; however they did not show increased gin-
gival inflammation. These findings suggest that estrogen may
have an inhibitory effect on gingival inflammation in patients
with periodontits.*°

Estrogen importance to maintain of osteogenic differenti-
ation through estrogen receptors in the periodontal ligament
cells has been reported.!’ Animal studies have analyzed
the influence of estrogen deficiency on the alveolar bone
mass.'>!® A decrease in the alveolar bone mineral density was
observed in sheep, six months after ovariectomy.'? It has been
suggested that the reduction of alveolar crest height observed
in estrogen-deficient animals could result from higher con-
centrations of 11-6 within the gingiva and the adjacent bone.*?
Furthermore, increased bone loss was detected in the femur
and the alveolar bone of ovariectomized rats when an ani-
mal model induced by a combination of both periodontitis and
osteoporosis was used.'® As a result, it has been conjectured
that postmenopausal osteoporosis may act as a risk factor for
periodontal disease.’3

Evidences of the effects of osteoporosis in
periodontal condition

Indeed most studies that evaluated the association of low
systemic BMD with alveolar bone loss showed significant
positive results."> Systemic bone loss, for instance, showed
a strong relationship with interproximal alveolar bone
loss in postmenopausal women with osteopenia, thus
showing that it may be a risk indicator for periodontal
destruction.?

Cross-sectional studies with large sample sizes from the
Women’s Health Initiative Observational Study (WHIOS) indi-
cated that the loss of alveolar crestal height is 230% higher
for women with osteoporosis as compared with women with
normal T-score, with increased loss for women aged over 70.
Overall, there was more than 3-fold increase in the odds of
worse alveolar crestal height in subjects with T-scores con-
sistent with osteoporosis.'* For postmenopausal women aged
less than 70 years, systemic BMD and oral infection indepen-
dently influenced oral bone loss.™

A study comparing the periodontal status of women with
and without osteoporotic fractures revealed that fractured
postmenopausal women have lost more teeth and presented
more advanced attachment loss.'®

Studies assessing the association between osteoporosis
and periodontal disease differ widely in their methodol-
ogy, using samples with different selection criteria, social
and demographic characteristics, techniques for periodontal
examination and BMD assess. Data analysis also varies and do
not always control for confounding factors. The lack of stan-
dardization for these studies may explain the discrepancies
observed among the results they presented.’? Studies with
larger samples and standardized diagnoses for osteoporosis
and periodontal disease are needed to clarify whether osteo-
porosis is a risk factor to periodontal disease and, if so, to what
extent.?

The influence of treatment of osteoporosis in
periodontal condition

Systemic osteoporosis, low dietary calcium and low vitamin D
levels may influence periodontal status and may be associated
with tooth loss.? It has been reported that periodontal disease
is more common in women with osteoporosis and is associ-
ated with lower vitamin D level.® Accordingly, awareness of the
systemic bone condition of a dental patient together with the
knowledge of patient’s intake of calcium and vitamin D, may
be important to understand periodontal status and improve
oral health.?

For subjects receiving maintenance therapy, a trend was
observed indicating that those receiving vitamin D and cal-
cium supplements have better periodontal health than those
who do not have that.'” Such a supplementation of calcium
and vitamin D may also imply an increase in mandibu-
lar bone mass for postmenopausal women.'® Furthermore,
a cross-sectional study identified an association between
plasma 25-hydroxyvitamin D concentrations and periodontal
status among 920 postmenopausal women and found it to be
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inversely associated with vitamin D levels, gingival bleeding
and chronic periodontal disease.'®

Several options are available for pharmacological preven-
tion and treatment of osteoporosis, combined with the use
of calcium and vitamin D. Among them, bisphosphonates
was shown to be very effective.’? Additionally, it has been
observed that the use of bisphosphonates in conjunction
with conventional periodontal therapy looks promising.?!
In particular, alendronate treatment improved periodontal
disease and bone turnover in postmenopausal women.?? The
significant reduction in RANKL/OPG in gingival fibroblasts
is on par with effects on osteoblasts.”> Accordingly, that
may play a key role in favoring inhibition of alveolar bone
resorption.”?

The association of osteonecrosis of the jaws with the use
of bisphosphonates has been concerning dentists. However,
antiresorptive therapy for low bone mass represents a low risk
for developing antiresorptive agent-induced osteonecrosis of
the jaw.>* On the other hand, osteoporosis is responsible for
considerable morbidity and mortality. Accordingly, the bene-
fits provided by antiresorptive therapy outweigh the low risk it
brings of developing osteonecrosis of the jaw.>* Furthermore,
untreated periodontal disease in patients undergoing bisphos-
phonates therapy may lead to a higher risk of osteonecrosis of
the jaws. As such, monitored dental care is recommended in
order to maintain a healthy periodontal status.?

Conclusion

Health care professionals and patients alike must be made
aware that prevention of osteoporosis may be beneficial
not only for maintaining bone health alone, but also for
periodontal health. Accordingly, it highlights the role of multi-
disciplinary teams in supporting health. Dentists should refer
patients to a doctor to enforce the treatment of osteoporosis.
Likewise, doctors should feel comfortable to refer patients to
a dentist for prevention and evaluation of periodontal con-
dition. By doing so, the risk for developing osteoporosis and
severe periodontal disease could be minimized.

Conflicts of interest

The authors declare no conflicts of interest.

REFERENCES

1. Martinez-Maestre MA, Gonzalez-Cejudo C, Machuca G,
Torrejon R, Castelo-Branco C. Periodontitis, osteoporosis: a
systematic review. Climacteric. 2010;13:523-9.

2. Genco RJ, Borgnakke WS. Risk factors for periodontal
disease. Periodontology 2000. 2013;62:59-94.

3. Tezal M, Wactawski-Wende J, Grossi SG, Ho AW, Dunford R,
Genco RJ. The relationship between bone mineral density
and periodontitis in postmenopausal women. ]
Periodontol. 2000;71:1492-8.

4. Armitage GC, Robertson PB. The biology, prevention,
diagnosis and treatment of periodontal diseases: scientific
advances in the United States. ] Am Dent Assoc. 2009;140
Suppl. 1:365-43s.

5. Belibasakis GN, Bostanci N. The RANKL-OPG system in
clinical periodontology. J Clin Periodontol. 2012;39:
239-438.

6. Jabbar S, Drury J, Fordham J, Datta HK, Francis RM, Tuck SP.
Plasma vitamin D and cytokines in periodontal disease
and postmenopausal osteoporosis. ] Periodontal Res.
2011;46:97-104.

7. Mundy GR. Osteoporosis and inflammation. Nutr Rev.
2007;65 Pt 2:5147-51.

8. Riggs BL, Khosla S, Melton L] 3rd. A unitary model for
involutional osteoporosis: estrogen deficiency causes both
type I and type II osteoporosis in postmenopausal women
and contributes to bone loss in aging men. ] Bone Miner
Res. 1998;13:763-73.

9. Liang L, Yu JF, Wang Y, Wang G, Ding Y. Effect of estrogen
receptor beta on the osteoblastic differentiation function
of human periodontal ligament cells. Arch Oral Biol.
2008;53:553-7.

10. Reinhardt RA, Payne JB, Maze CA, Patil KD, Gallagher Sj,
Mattson JS. Influence of estrogen and
osteopenia/osteoporosis on clinical periodontitis in
postmenopausal women. J Periodontol. 1999;70:823-8.

11. Zhang B, Li Y, Zhou Q, Ding Y. Estrogen deficiency leads to
impaired osteogenic differentiation of periodontal
ligament stem cells in rats. Tohoku ] Exp Med.
2011;223:177-86.

12. Johnson RB, Gilbert JA, Cooper RC, Parsell DE, Stewart BA,
Dai X, et al. Effect of estrogen deficiency on skeletal and
alveolar bone density in sheep. ] Periodontol.
2002;73:383-91.

13. Kobayashi M, Matsumoto C, Hirata M, Tominari T, Inada M,
Miyaura C. The correlation between postmenopausal
osteoporosis and inflammatory periodontitis regarding
bone loss in experimental models. Exp Anim.
2012;61:183-7.

14. Wactawski-Wende J, Hausmann E, Hovey K, Trevisan M,
Grossi S, Genco RJ. The association between osteoporosis
and alveolar crestal height in postmenopausal women. J
Periodontol. 2005;76 Suppl.:2116-24.

15. 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. |
Dent Res. 2008;87:323-7.

16. Martinez-Maestre MA, Machuca G, Gonzalez-Cejudo C,
Flores JR, Cardoso RT, Castelo-Branco C. Osteoporosis,
fragility fracture, and periodontal disease: a
cross-sectional study in Spanish postmenopausal women.
Menopause. 2013;20:79-84.

17. Miley DD, Garcia MN, Hildebolt CF, Shannon WD, Couture
RA, Anderson Spearie CL, et al. Cross-sectional study of
vitamin D and calcium supplementation effects on
chronic periodontitis. ] Periodontol. 2009;80:1433-9.

18. Hildebolt CF, Pilgram TK, Dotson M, Armamento-Villareal
R, Hauser ], Cohen S, et al. Estrogen and/or calcium plus
vitamin D increase mandibular bone mass. J Periodontol.
2004,75:811-6.

19. Millen AE, Hovey KM, LaMonte MJ, Swanson M, Andrews
CA, Kluczynski MA, et al. Plasma 25-hydroxyvitamin D
concentrations and periodontal disease in
postmenopausal women. ] Periodontol. 2013;84:1243-56.

20. Kanis JA, McCloskey EV, Johansson H, Cooper C, Rizzoli R,
Reginster JY. European guidance for the diagnosis and
management of osteoporosis in postmenopausal women.
Osteoporos Int. 2013;24:23-57.

21. Badran Z, Kraehenmann MA, Guicheux J, Soueidan A.
Bisphosphonates in periodontal treatment: a review. Oral
Health Prev Dent. 2009;7:3-12.

22. Rocha ML, Malacara JM, Sanchez-Marin FJ, Vazquez de la
Torre CJ, Fajardo ME. Effect of alendronate on periodontal


http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0130
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0135
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0140
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0145
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0150
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0155
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0160
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0165
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0170
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0175
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0180
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0185
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0190
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0195
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0200
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0205
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0210
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0215
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0220
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0225
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0230
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235

REV BRAS REUMATOL.2017;57(3):270-273

273

23.

24.

disease in postmenopausal women: a randomized
placebo-controlled trial. ] Periodontol. 2004;75:1579-85.
Tipton DA, Seshul BA, Dabbous M. Effect of
bisphosphonates on human gingival fibroblast production
of mediators of osteoclastogenesis: RANKL,
osteoprotegerin and interleukin-6. ] Periodontal Res.
2011;46:39-47.

Khan AA, Morrison A, Hanley DA, Felsenberg D, McCauley
LK, O’'Ryan F, et al. Diagnosis and management of

25.

osteonecrosis of the jaw: a systematic review and
international consensus. ] Bone Miner Res. 2015;30:

3-23.

Oteri G, Bramanti E, Nigrone V, Decayed Cicciu M. Missing
and filled teeth index and periodontal health in
osteoporotic patients affected by BRON]J: an observational
study. J] Osteoporos. 2013;2013:231289.


http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0235
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0240
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0245
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250
http://refhub.elsevier.com/S2255-5021(16)00039-0/sbref0250

	Possible links between osteoporosis and periodontal disease
	Introduction
	The biological plausibility of the association between periodontal disease and osteoporosis
	Evidences of the effects of osteoporosis in periodontal condition
	The influence of treatment of osteoporosis in periodontal condition
	Conclusion
	Conflicts of interest
	References


