CLASSICAL LITERATURE SEMINAR #23

DATE: 23 March 2007

TOPIC: Bone Metabolism 

CHAIRPERSON:  LCDR GUISE

SEMINAR OBJECTIVE: Each resident should understand the histology and physiology of bone in order to predict how the hard tissue in the periradicular area responds to various homeostatic and pathologic influences.

MAIN POINTS: At the conclusion of the seminar, each resident should: 

MP #1-relate the gross and microscopic anatomy of bone.

MP #2-describe the cells of bone and their respective functions.

MP #3-describe Vitamin D and relate its role in calcium and phosphate absorption.

MP #4-describe the effect that parathyroid hormone and calcitonin have on calcium and phosphate concentrations in the extracellular fluid.

MP #5-describe the effect that other hormones have on bone.

MP #6-identify the mechanisms involved in bone diseases.

MP #7-describe the overall homeostasis of bone; deposition and resorption.

GENERAL READINGS: All residents should review and be prepared to discuss the following text and literature references.

Guyton AC. Textbook of medical physiology. 10th ed. Philadelphia:  W.B. Saunders Company, 2000: 899-925.

Seltzer S. Bone anatomy and physiology. In:  Seltzer S, ed. Endodontology. 2nd ed. Philadelphia:  Lea & Febiger, 1988: 81-117.

Seltzer S. Bone diseases of significance to the endodontist. In:  Seltzer S, ed. Endodontology. 2nd ed. Philadelphia:  Lea & Febiger, 1988: 118-69.

Seltzer S. Tooth and bone resorption. In:  Seltzer S, ed. Endodontology. 2nd ed. Philadelphia:  Lea & Febiger, 1988: 170-81.

Stashenko P. Interrelationship of dental pulp and apical periodontitis. In:  Hargreaves KM, Goodis HE, eds. Seltzer and Bender’s dental pulp. Chicago:  Quintessence Publishing Co, Inc., 2002: 389-409.

Ten Cate AR. Hard tissue formation and destruction. In:  Ten Cate R, ed. Oral histology – development, structure, and function. 5th ed. St Louis:  Mosby-Year Book, Inc., 1998;69-77.

Whitson SW. Bone. In:  Ten Cate R, ed. Oral histology – development, structure, and function. 5th ed. St Louis:  Mosby-Year Book, Inc., 1998;104-27.

Auld C. An introduction to matrix metalloproteinases. Special Report. Naval Dental School, Bethesda, MD. May 1997.

Brinker LS.  Estrogen and bone.  Special Report.  Naval Postgraduate Dental School, Bethesda, MD.  January 2003.

Burger CL.  Transforming growth factor beta.  Special Report. Naval Dental School, Bethesda, MD.  December 1995.

Kaufman R.  Bone morphogenetic proteins. Special Report. Naval Dental School, Bethesda, MD.  April 1997.

Schmidt K. Collagen:  of interest to the endodontist. Special Report. Naval Dental School, Bethesda, MD. March 1997.

Anan H, Akamine A, Maeda K. An enzyme histochemical study of the behavior of rat bone cells during experimental apical periodontitis. J Endod 1993;19: 83-6.

Berry JL, Davies M Mee AP. Vitamin d metabolism, rickets, and osteomalacia. Semin Musculoskelet Radiol 2002;6: 173-82.

Bettany J, Peet N, Wolomacz R, Skerry T, Grabowski P. Tetracyclines induce apoptosis in osteoclasts. Bone 2000;27: 75-80.

Blair HC, Schlesinger PH, Ross FP, Teitelbaum SL. Recent advances toward understanding osteoclast physiology. Clin Orthop 1993;294: 7-22.

Fox SW, Chow JWM.  Nitric oxide synthase expression in bone cells.  Bone 1998;23: 1-6.

Gilles JA, Carnes DL, Dallas MR, Holt SC, Bonewald LF. Oral bone loss is increased in ovariectomized rats. J Endod 1997;23: 419-22.

Granchi D, Stea S, Ciapetti G, Cavedagna D, Stea S, Pizzoferrato A. Endodontic cements induce alterations in the cell cycle of in vitro cultured osteoblasts. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1995;79: 359-66.

Hamamoto N, Hamamoto Y, Nakajima T, Ozawa H. Histological, histocytochemical and ultrastructural study on the effects of surface charge on bone formation in the rabbit mandible. Arch Oral Biol 1995;40: 97-105.

Hamasaki A, Nagata T, Ishida H, Wakano Y. Actions of parathyroid hormone on cultured human dental pulp cells. J Endod 1992;18: 482-7.

Horowitz MC. Cytokines and estrogen in bone:  anti-osteoporotic effects. Science 1993;260: 626-7.

Jiang J, Zuo J, Hurst IR, Holliday LS. The synergistic effect of peptidoglycan lipopolysaccaride on osteoclast formation. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2003;96: 73-43.

Katz H. Endodontic implications of bisphosphonate-associated osteonecrosis of the jaws:  a report of three cases. J Endod 2005;31:  831-4

Kawashima N, Stashenko P. Expression on bone-resorptive and regulatory cytokines in murine periapical inflammation. Arch Oral Biol 1999;44: 55-66.

Kim CS, Choi SH, Choi BK, Chai JK, Park JB, Kim CK, Cho KS. The effect of recombinant human bone morphogenetic protein-4 on the osteoblastic differentiation of mouse calvarial cells affected by Porphyromonas gingivalis. J Periodontol 2002;73: 1126-32.

Lean JM, Matsuo K, Fox SW, Fuller K, Gibson Fm, Draycott G, Wani MR, Bayley KE, Wong BR, Choi Y, Wagner EF, Chambers TJ. Osteoclast lineage commitment of bone marrow precursors through expression of membrane bound TRANCE. Bone 2000;27: 29-40.
Lindskog S, Blomlof L, Hammarstrom L. Comparative effects of parathyroid hormone on osteoblasts and cementoblasts. J Clin Periodontol 1987;14: 386-9.

Manolagas SC, Jilka RL. Bone marrow, cytokines, and bone remodeling. Emerging insights into the pathophysiology of osteoporosis. N Engl J Med 1995;332: 305-11.

Migliorati CA, Casiglia J, Epstein J, Jacobsen PL, Siegel MA, Woo SB. Managing the care of patients with bisphosphonate-associated osteonecrosis. J Am Dent Assoc 2005;136: 1658-68.

Pinero GJ, Farach-Carson MC, Devoll RE, Aubin HE, Brunn JC, Butler WT. Bone matrix proteins in osteogenesis and remodelling in the neonatal rat mandible as studied by immunolocalization of osteopontin, bone sialoprotein, A2HS-glycoprotein, and alkaline phosphatase. Arch Oral Biol 1995;40: 145-55.

Posner LJ, Miligkos T, Gilles JA, Carnes DL, Taddeo DR, Graves DT. Monocyte chemoattractant protein-1 induces monocyte recruitment that is associated with an increase in numbers of osteoblasts. Bone 1997;21: 321-7.

Saito S, Ngan P, Rosol T, Saito M, Shimizu H, Shinjo N, Shanfeld J, Davidovitch Z. Involvement of PGE synthesis in the effect of intermittent pressure and interleukin-1 beta on bone resorption. J Dent Res 1991;70: 27-33.

Sakou T. Bone morphogenetic proteins:  from basic studies to clinical approaches. Bone 1998;22: 591-603.

Schwartz Z, Carnes DL, Pulliam R, Lohmann CH, Sylvia VL, Liu Y, Dean DD, Cochran DL, Boyan BD. Porcine fetal enamel matrix derivative stimulates proliferation but not differentiation of pre-osteoblastic 2T9 cells, inhibits proliferation and stimulates differentiation of osteoblast-like MG63 cells, and increases proliferation and differentiation of normal human osteoblast NHOst cells. J Periodontol 2000;71: 287-96.

Shapiro R, Heaney RP. Co-dependence of calcium and phosphorus for growth and bone development under conditions of carrying deficiency. Bone 2003;32: 532-40.

Si XH, Jin Y, Yang LJ, Tipoe GL,, White FH.  Expression of BMP-2 and TGF-Beta 1 M-rna during healing of the rabbit mandible.  Eur J Oral Sci 1997;105: 325-30.

Sjogren U, Ohlin A, Sundquist G, Lerner UH. Gutta-percha-stimulated mouse macrophages release factors that activate the bone resorptive system of mouse calvarial bone. Eur J Oral Sci 1998;106: 872-81.

Takahashi T, Kurihara K, Takahashi K, Kumegawa M. An ultrastructural study of phagocytosis in bone by osteoblastic cells from fetal mouse calvaria in vitro. Arch Oral Biol 1986;31: 703-6.

Utiger RD. The need for more Vitamin D. New Eng J Med 1998;338: 828-9.

Woo SB, Hellstein JW, Kalmar JR. Systematic review:  bisphosphonates and osteonecrosis of the jaws. Ann Intern Med 2006;144: 753-61.

Wozney JM. The potential role of bone morphogenetic proteins in periodontal reconstruction. J Periodontol 1995;66: 506-10.

Yang YY, Tsai HF, Lu SC, Huang YF, Chang YC. Regulation of tissue inhibitors of metalloproteinase-1 gene expression by cytokines in human gingival fibroblasts. J Endod 2002;28: 803-5.

Yoshimura Y, Hisada Y, Suzuki K, Deyama Y, Matsumoto A. Effect of a low-calcium environment on alkaline phosphatase activity in embryonic rat calvarial bone cells in culture. Arch Oral Biol 1996;41: 41-5.

SUPPLEMENTAL READINGS: 

Lerner UH. Regulation of bone metabolism by the kallikrein-kinin system, the coagulation cascade, and the acute-phase reactants. Oral Surg Oral Med Oral Pathol 1994;78: 481-93. 

====================================================================

Oral Reports: 

Prepare a written and oral report describing the role that the assigned topics play in bone metabolism.  Many of the general reading assignments can be used for the construction of your oral reports as well as assigned textbooks.  Do not forget to use the Special Reports assigned as a resource.  The use of charts, diagrams or PowerPoint is strongly encouraged for the oral presentation.   Merely reading your handout will NOT suffice for an oral report.

====================================================================

SEMINAR ASSIGNMENTS: All residents should review, prepare abstracts for the assigned articles and be prepared to discuss the following literature references.

LCDR SAITO

Sarathy AP, Bourgeois SL, Goodell GG. Bisphosphonate-associated osteonecrosis of the jaws and endodontic treatment:  two case reports. J Endod 2005;31: 759-63.

Dogan H, Ozcelik B, Gedikoglu G, Senel S. The effect of calcitonin on osseus healing in guinea pig mandible. J Endod 2001;27: 160-3.

Oral Report: 

- Parathyroid Hormone

- Vitamin D

- Calcitonin

LCDR BLANSCET

Markiewicz MR, Margarone JE, Campbell JH, Aguirre A. Bisphosphonate associated osteonecrosis of the jaws.  A review of current knowledge. J Amer Dent Assoc 2005;136: 1669-74.

Lundberg P, Lie A, Bjurholm A, Lehenkari PP, Horton MA, Lerner UH, Ransjo M. Vasoactive intestinal peptide regulates osteoclast activity via specific binding sites on both osteoclasts and osteoblasts. Bone 2000;27: 803-10.

Oral Report: 

- Collagen

- Noncollagenous proteins

-- Osteonectin

-- Osteocalcin

-- Sialoprotein

-- Phosphoprotein

LT JACK

Marx RE, Sawatari Y, Fortin M, Broumand V. Bisphosphonate-induced exposed bone (osteonecrosis/osteopetrosis) of the jaws:  risk factors, recognition, prevention, and treatment. J Oral Maxillofac Surg 2005;63: 1567-75.

Wang CY, Stashenko P. Kinetics of bone-resorbing activity in developing periapical lesions. J Dent Res 1991;70: 1362-6.

Oral Report: 

- Thyroid hormones

- Adrenal cortical hormones

- Testicular hormones

- Pituitary hormones

- Ovarian hormones

LT JOHN

Hamachi T, Anan H, Akamine A, Fujise O, Maeda K. Detection of interleukin 1B MRNA in rat periapical lesions. J Endod 1995;21: 118-21.

Melo M, Obeid G. Osteonecrosis of the jaws in patients with a history of receiving bisphosphonate therapy. Strategies for prevention and early recognition. J Am Dent Assoc 2005;136: 1675-81.

Oral Report: 

- Bone Formation and Remodeling 

- Deposition (intramembranous and endochondral)

- Resorption 

LT HORAN

Dental management of patients receiving oral bisphosphonate therapy. Expert Panel recommendations. American Dental Association Council on Scientific Affairs. J Am Dent Assoc 2006;137;1144-50.

Novartis Pharmaceuticals Corporation. Updated recommendations for the prevention, diagnosis, and treatment of osteonecrosis of the jaw in cancer patients:  May 2006: 1-4. 

Ruggiero SL, Fantasia J, Carlson E. Bisphosphonate-related osteonecrosis of the jaw:  background and guidelines for diagnosis, staging and management. 2006;102: 433-41.

Ruggiero S, Gralow J, Marx RE, Hoff AO, Schubert MM, Huryn JM, Toth B, Damato K, Valero V. Practical guidelines for the prevention, diagnosis, and treatment of osteonecrosis of the jaw in patients with cancer. J Oncol Prac 2006;2: 7-14.

Oral Report: 

-Bisphosphonates

LCDR GNAU

Bender IB, Naidorf IJ. Dental observations in Vit D - Resistant Rickets with special reference to periapical lesions. J Endod 1985;11: 514-20.

Warnke PH, Springer IN, Russo PAJ, Wiltfang J, Essig H, Kosmahl M, Sherry E, Acil Y. Innate immunity in human bone. Bone 2006;38: 400-8.

Oral Report: 

 -Macroscopic Structure of Bone

-- Supporting alveolar bone

-- Alveolar bone proper

-- Osteones, lamellae, Haversian systems, etc.

-Bone Cells 

-- Osteoblasts

-- Osteocytes 

-- Osteoclasts

LT HAWLEY

Haga CS, Stern PH. Responses to osteoblastic cells (UMR 106) exposed to elevated extracellular calcium. J Endod 1993;19: 462-5.

Jiang J, Li H, Fahid F, Filbert E, Safavi KE, Spangberg L, Zhu Q. Quantitative analysis of osteoclast-specific gene markers stimulated by lipopolysaccharide. J Endod 2006;32: 742-6.

Oral Report: 
- Metabolic Diseases of Bone

-- Hyperparathyroidism

-- Hypoparathyroidism

-- Rickets

-- Osteomalacia

-- Osteoporosis

LT CHESLER

He J, Jiang J, Safavi KE, Spangberg LSW, Zhu Q. Emdogain promotes osteoblast proliferation and differentiation and stimulates osteoprotegerin expression. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2004;239-45.

Zhang X, Peng B. Immunolocalization of receptor activator of NF Kappa B ligand in rat periapical lesions. J Endod 2005;31: 574-7.

Oral Report: /

- Diseases of Bone

-- Paget's Disease

-- Periapical Cemental Dysplasia

-- Fibrous Dysplasia

ADDITIONAL READINGS: These references have appeared in past General Readings or as abstracted articles.  They are retained in this category for historical purposes and to enhance General Readings.

Carnes DL, Maeder CL, Graves DT. Cells with osteoblastic phenotypes can be explanted from human gingiva and periodontal ligament. J Periodontol 1997;68: 701-7.

Gambert SR, Schultz BM, Hamdy RC. Osteoporosis:  clinical features, prevention, and treatment. Endocrinol Metab Clin North Am 1995;24: 317-71.

Giannobile WV, Whitson SW, Lynch SE. Non-coordinate control of bone formation displayed by growth factor combinations with IGF-I. J Dent Res 1997;76: 1569-78.

Jee WSS, Ma YF. The in vivo anabolic actions of prostaglandins in bone. Bone 1997;21: 297-304.

Kawaguchi H, Pilbeam CC, Harrison JR, Raisz LG. The role of prostaglandins in the regulation of bone metabolism. Clin Orthop 1995;313: 36-46.

Kessler E, Takahara K, Biniaminov L, Brusel M, Greenspan DS. Bone morphogenetic protein-1:  the type I procollagen C-proteinase. Science 1996;271: 360-2.

Pierce AM.  Experimental basis for the management of dental resorption.  Endod Dent Traumatol 1989;5: 255-65.

Sigurdsson TJ, Lee MB, Kubota K, Turek TJ, Wozney JM, Wikesjo UME. Periodontal repair in dogs:  recombinant human bone morphogenetic protein-2 significantly enhances periodontal regeneration. J Periodontol 1995;66: 131-8.

Zellin G, Beck S, Hardwick R, Linde A. Opposite effects of recombinant human transforming growth factor-beta 1 on bone regeneration in vivo:  effects of exclusion of periosteal cells by microporous membrane. Bone 1998;22: 613-20.
