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Periodontal disease
Jaw Bone Necrosis
due to Bisphosphonate

Paget's Disease
Osteoporosis
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~~ Patient’s Data

54 year old male presented with
sever periodontal disease ,type
2 diabetes ,lung cancer treated
with Bisphosphonate












Patient referred to his Dentist for oral
evaluation during cancer therapy.

Dentist referred him to Periodontist to evaluate
periodontal condition.

Periodontist referred him to Oral Surgeon. Oral
Surgeon performed for full mouth extractions
due to sever periodontal condition.

This leads to sever OSteonecrosis of the
maxillary and mandibular alveolar ridges









Biochemistry Knowledge Provide —
~—Better Understanding of this patient

Osteonecrosis of jaw
bone due to
Bisphosphonate



y Bisphosphona
a sever Osteonecrosis & Why it
was used ?
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Bone metastases from lung
cancer

Hypercalcemia due to bone
metastasis
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-The primary indication for use of Fosamax, on the other hand, is the treatment and prevention of osteoporosis


Prevention and treatment of osteoporosis in
postmenopausal women

Increase bone mass in men with osteoporosis
Glucocorticoid-induced osteoporosis

Paget’s disease of bone

osteogenesis imperfecta

Hypercalcemia of malignancy

Bone metastases of solid tumors
Breast and prostate carcinoma; other solid tumors

Osteolytic lesions of multiple myeloma
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Etidronate (Didronel)
Tiludronate (Skelide)
Pamidronate (Aredia)
Alendronate (Fosamax)
Risedronate (Actonel)
[bandronate (Boniva)
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a pyramidal approach to osteoporosis
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P _——Paget’s Diseases— =

Characterizes by increased bone mass &
density

Abnormal bone remodeling
Enlarged head and jaw bones

Patient frequently change hat ,eyeglasses and
dentures

Cotton-wool appearance in the radiograph
Loss of sight and hearing
High Alkaline Phosphatase
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Blsphosphonate

Essential for normal cellular

functioning as it incorporate in
ATP

Resistance to hydrolysis
Bone matrix accumulation
Extremely long half-life

Increases potency, toxicity
Direct link to BION] cases

Bisphosphonate
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Chemical Structure
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P-C-P acts as
‘bone hook’
and s essential
for binding to

When Rt is an OH
group binding to
hydroxyapatite

hydroxyapatite IS enhanced

The R2 side
chain determines The P-C-P group
potency. IS essential

for bielegical activity.

Bisphosphonate Structure
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Treatment and prevention (36)

The chemical moiety at the R1 position is instrumental for the binding of bisphosphonate to bone mineral. The relative affinity for bone mineral decreases according to the group at the R1 position: OH>H>no group>Cl (van Beek et al. 1994). 

The chemical moiety at the R2 position is instrumental for in-vivo antiresorptive potency. Following the development of the non-nitrogen-containing bisphosphonates etidronate and clodronate (R2 moieties CH3 and Cl, respectively), the R2 moiety evolved by the elongation of the alkyl chain and introduction of a primary nitrogen (e.g. alendronate, pamidronate). Later, a tertiary nitrogen (e.g. Bonviva) or a nitrogen-containing hetercyclic ring (e.g. risedronate and zoledronate) were added. Bisphosphonates with a nitrogen atom at the R2 position have greater antiresorptive potency than non-nitrogen-containing bisphosphonates. 




Nitrogen Side Chain Non Nitregen Side Chain

Alendronate (Fosamax) Etidronate (Didronel)

Risedronate (Actonel) Clondrorate (Bonsfos,

Ibandronate (Bonviva) Tiludronate (Skelid)

Zolendronate (Zometa)

Pamidronate (Aredia)

Bisphosphonate Structure
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Treatment and prevention (36)

The chemical moiety at the R1 position is instrumental for the binding of bisphosphonate to bone mineral. The relative affinity for bone mineral decreases according to the group at the R1 position: OH>H>no group>Cl (van Beek et al. 1994). 

The chemical moiety at the R2 position is instrumental for in-vivo antiresorptive potency. Following the development of the non-nitrogen-containing bisphosphonates etidronate and clodronate (R2 moieties CH3 and Cl, respectively), the R2 moiety evolved by the elongation of the alkyl chain and introduction of a primary nitrogen (e.g. alendronate, pamidronate). Later, a tertiary nitrogen (e.g. Bonviva) or a nitrogen-containing hetercyclic ring (e.g. risedronate and zoledronate) were added. Bisphosphonates with a nitrogen atom at the R2 position have greater antiresorptive potency than non-nitrogen-containing bisphosphonates. 
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~ Understanding Pathogenesis of
Bone Necrosis




Understanding the pathophysiology of Bone

emodeling e
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~ Understanding Pathogenesis of
Bone Necrosis




=
~—— Biochemistry of Bisphosphon:

Inhibition of farnesyl
diphosphate synthase in the

osteoclasts
Metabolized to toxic analogue

of ATP (non-nitrogen
containing Bisphosphonate)
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-lastly, several in vitro studies have presented evidence that BP’s mediate osteoclast apoptosis at the in vitro 
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Pharmacokinetics
Rapid accumulation in si
of increased bone depos/| © |\
Not metabolized (nitrogeft -
Repeated doses accumulate in bone
Bone 7 life of “years” — mayoe a lifetime..
Removed only by osteoclast-mediated
resorption

“Blologic Catch 22"




Bone resorption Bone formation

Bone | BMP, TGFB, IGF
FGF. PDGF. VEGF, WNT
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Normal Bone Remodelling

Osteoblast

< > < >

Resorption Formation

20 days 160 days
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Pathophysiology of osteoporosis (2)	Source: Rosen C. In: Marcus R, et al. Ed. 	Osteoporosis, Atlas of Clinical 	Endocrinology, volume 3. Blackwell Science 	Publisher 2000.

Bone remodelling is the process whereby bone is continuously renewed and restructured, a process that involves the selective resorption and formation of bone. Bone formation takes place at the same site as bone resorption. There is, therefore, no net growth, the process instead replaces old and damaged bone with new. In adulthood, bone remodelling becomes the predominant metabolic activity of the skeleton. 

It is a process that is critical to the overall health of bone tissue (American Medical Association, 2000b) and serves two major purposes
by renewing bone continuously, daily wear and tear on the skeleton does not compromise its biomechanical integrity
mineral homeostasis is maintained by transferring calcium and other ions in and out of bone (Peel, et al. 1995).



DIRECTION OF REMODELLING
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bone matrix

CEl I u Ia%pch ain |SmCQttd%|gst|£@ely reabsorbs

2. BISPHOSPHONATE (:¢:) binds to
bone mineral surface

3. BISPHOSPHONATE is taken up
by

the osteoclast

4. Osteoclast is inactivated

5. Osteoclast becomes apoptotic
(‘suicidal’) and dies
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» Osteoclastic toxicity
Apoptosis

Inhibited release of bone
induction proteins

BMP, ILG1, ILG2

Reduced bone turnover,
resorption

Reduced serum calcium

Hypermineralization

“sclerotic” changes in

lamina dura of
alveolar bone
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BMP- bone morphogenetic protein. ILG1 - insulin-like growth factor 1. ILG2 – insulin-like growth factor 


Osteoclasts

Bisphosphonate Osteoclast takes up New bone formation by
attaches to exposed bisphosphonate = loss of osteoblasts renders
bone mineral ruffled border, bisphosphonate inert,
surfaces inactivation, detachment inaccessible
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Mechanism of Action of Bisphosphonates: Osteoclasts are Targets

Bisphosphonate therapy targets the osteoclast, the initiator of bone resorption. Bisphosphonate must be present on the surface of the bone—accessible to the osteoclast—to be pharmacologically active.

Mechanism
Bisphosphonate attaches to exposed hydroxyapatite at sites prepared for or undergoing bone resorption.1 During bone resorption, osteoclasts take up the bisphosphonate along with other resorption products (ie, calcium, phosphate, and digested matrix).2 Nitrogen-containing bisphosphonates such as alendronate and risedronate inhibit an enzyme within osteoclasts; this inhibition ultimately leads to  disruption of the osteoclast ruffled border, osteoclast inactivation, and detachment.1,3,4 Osteoblasts proceed with new bone formation, covering over the bisphosphonate and rendering it inert and inaccessible to osteoclast.1

About 50% of the initial dose of a bisphosphonate is estimated to bind to bone surfaces, from where it is either removed by resorption or buried by ongoing formation. Buried bisphosphonate is pharmacologically inactive and remains within the skeleton until it is liberated during the resorption phase of subsequent remodeling cycles when it is recycled across bone surfaces, becoming pharmacologically active. Based on studies with alendronate, it is estimated that the total accumulation of alendronate in the skeleton after 10 years treatment is only 75 mg.2

Because the half-life of the osteoclast is 6 to 10 days,5 it appears that bisphosphonate must be consistently administered over time to interrupt the ongoing excessive remodeling process that occurs in the context of osteoporosis. 


References:
1. Sato M, Grasser W, Endo N, et al. Bisphosphonate action: alendronate localization in rat bone and effects 
    on osteoclast ultrastructure. J Clin Invest. 1991;88:2095–2105.
2. Rodan G, Reszka A, Golub E, Rizzoli R. Bone safety of long-term bisphosphonate treatment. Curr Med Res 
    Opin. 2004;20:1291–1300.
3. Fisher JE, Rogers MJ, Halasy JM, et al. Alendronate mechanism of action: geranylgeraniol, an intermediate 
    in the mevalonate pathway, prevents inhibition of osteoclast formation, bone resorption, and kinase 
    activation in vitro. Proc Natl Acad Sci. 1999;96:133–138.
4. Coxon FP, Helfrich MH, Van't Hof R, et al. Protein geranylgeranylation is required for osteoclast formation, 
    function, and survival: inhibition by bisphosphonates and GGTI-298. J Bone Miner Res. 2000;15:1467–
    1476.
5. Chambers TJ. Regulation of osteoclast development and function. In: Rifkin BR, Gay CV. Biology and 
    Physiology of the Osteoclast. Boca Raton, Florida: CRC Press, 1992:105-128.


contriputes to nis sever
Postconecrosis 7

Does hyperglycemia (increased
blood sugar) alone influenced his
osteonecrosis ?

Does abnormal metabolic changes in
the glucose and ultimately protein
and lipid metabolisms influenced
his osteonecrosis ?
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Conclusion

In this patient the combination of
hyperglycemia , ketoacidosis , Steroid ,
Bisphosphonate ,chemotherapy and
his lung cancer resulted in reduce
blood supply ,impaired tissue function
and reduced vascularity which
resulted in sever periodontal disease .
Osteonecrosis subsequent to teeth
extractions were due to IV bisphosphonate use.
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