Section 38 - Bone Physiology

Handout
Abstracts
Quiz
001. Wical, K.E., Swoope, C.C. Studies of the residual bone resorption. Part II: The relationship of dietary Calcium and Phosphorus to residual resorption. J Prosthet Dent 32:13-22,1974.

002.  Atwood, D.A., Reduction of residual ridges: A major oral disease entity. J Prosthet Dent 26: 266- 277, 1971.

003. Wical K.E. and Brusse, P. Effects of Calcium and Vitamin D supplement on alveolar ridge resorption in immediate denture patients. J Prosthet Dent 41:4-11,1979.

004. Nedelman, C.I., and Bernick, S. The significance of age changes in human alveolar mucosa and bone. J Prosthet Dent 39:495-501,1978.

005. Baylink, D. et al. Systemic factors in alveolar bone loss. J Prosthet Dent 31:486-505, 1974.

006. Kelsey, CC Alveolar bone resorption under complete dentures. J Prosthet Dent 25:152-161, 1971. 

007. Atwood D. A. and Coy, W.A. Clinical, cephalometric, and densitometric study of reduction of residual ridges. J Prosthet Dent 26:280-295,1971.

008. Mercier, P. and LaFontant, R. Residual alveolar ridge atrophy: Classification and influence of facial morphology. J Prosthet Dent 41:90-100,1979.

009. Israel, H. Evidence for continued apposition of adult mandibular bone from skeletalized materials. J Prosthet Dent 41: 101-104, 1979.

010. Meada, Y. and Wood, W.W. Finite element method simulation of bone resorption beneath a complete denture. J Dent Res 68:1370-1373,1989.

011. Tuncay O. C., D.M.D. Cephalometric evaluation of the changes in patients wearing complete dentures. A ten-year longitudinal study. J Prosthet Dent 51:169-180,1984.

012. Sones, A.D.,Wolinsky, L.E. and Kratochvil, F.J. Osteoporosis and mandibular bone resorption: A prosthodontic perspective. J Prosthet Dent 56:732-736,1986.

013.  Ortman, L.F. Bioelectric stimulation and residual resorption. J Prosthet Dent 67:67-71, 1992.

014.  Albrektsson, T. and Jacobsson, M., Bone-metal interface in osseointegration. J Prosthet Dent 57:597-607, 1987.

015. Unger, J.W. et al. An analysis of the relationship between mandibular alveolar bone loss and a low Frankfort-mandibular plane angle. J Prosthet Dent 66:513-515,1991.

016. Clark, R.K.F. The edentulous mandible opposed by natural maxillary teeth. A report of six cases treated with implant retained prostheses. Quintessence Int 25:15-22,1994.

017.  Kawano F, et al.  Effect of Soft Denture Liner on Stress Distribution in Supporting Structures Under a Denture.  Int J Pros 6: 43-49, 1993.

Bone Physiology - Handout
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I. Introduction:
     The skeleton serves many functions in the support and movement of the body. Bone is a vital tissue that is constantly undergoing change. It has the ability to regenerate, remodel and repair itself. It also serves as a reservoir of calcium for the body.
     Embryologically, bones are categorized according to their method of development within the embryo. The maxilla and mandible are intramembraneous or membrane bones; i.e. they were developed within a membrane. These bones develop as a nidus of osteogenic cells in the embryonic connective tissue. The nidus of cells produces the initial osteoid matrix, which mineralizes to form bone. In contrast, the long bones such as the humerus and femur are called endochondral or cartilage bones. They develop within a cartilage model.
     The initial formation of bone starts with undifferentiated mesenchymal cells, which are capable of developing into many different cell types, one of which is the osteoprogenitor cells or osteogenic cells. These progenitor cells become the bone forming cells osteoblasts. When there is a need for bone formation, the osteogenic cells are stimulated to differentiate into osteoblasts. These osteoblasts produce an organic matrix called prebone or osteoid which has not yet undergone mineralization. Once the prebone has been formed, it undergoes a process of calcification or mineralization. During this phase, calcium and phosphate ions are deposited on the organic matrix. These Ca-PO4 complexes are called hydroxyapatite crystals. 
     The formation of bone is therefore divided into two phases: the initial phase of organic matrix (osteoid) formation followed by the mineralization phase. After mineralization, the cells (previously oste0blasts) are referred to as osteocytes. The osteocytes reside in a space called lacuna, and must now get their nutrition from canaliculi (tunnels which enclose the osteocyte cell process). Eventually the tissue spaces around these osteocytes communicate with the blood supply through the haversion canal system (osteons). Not all of the previous osteoblasts become osteocytes; some remain and become components of membranes around the bone.
     These membranes cover most surfaces of the bones, the outer areas are covered by periosteum, while the inner surfaces including the haversion canals are covered by endosteum. This endosteal layer contains osteoprogenitor cells, osteoblasts and osteoclasts. Both membrane types are capable of repairing damaged bone if stimulated. 
     Bone tissue can be classified into two types, compact and trabecular bone. Compact bone is dense, corticated and makes up the outer surfaces of most of the bones of the skeleton. Trabecular bone is spongy, cancellous and constitutes the inner surfaces of bones, also containing the medullary cavity or marrow. 
     Two basic types of bone can be histologically identified. They are the immature (woven) and mature (lamellar) bone. Immature bone is formed earlier and more rapidly than mature bone, and is the first type to form in a repair situation or around an implant. In most cases mature bone will then replace the immature bone. 
     Bone physiology also involves the continued removal and replacement of compact bone within the skeleton; this process can occur on the surface or within the bones. Osteoclasts, responsible for the removal of bone aggregate at a bone surface and begin to decalcify and remove bone when it is necrotic, damaged, or when stimulated by the body’s hormonal system. Clusters of osteoclasts form a cutting cone and as bone is removed, a capillary invades the space forming a tunnel (called an erosion tunnel) bringing with it osteoprogenitor cells. The cutting cone will continue into the bone until all weakened or necrotic bone tissue is removed. The osteoprogenitor cells differentiate into osteoblasts and begin to lay down osteoid, which becomes mineralized and thus new bone is formed. The capillary is now surrounded by bone and the canal formed by this process is called a haversion canal. These are properly called secondary osteons, and are to be distinguished from primary osteons, which do not require an erosion tunnel for their formation. Secondary osteon formation is also seen in the repair or damaged bone following the placement of an endosseous implant.

II. Calcium Metabolism
One of the important functions of the skeletal system is to serve as a reservoir of calcium for the body. Calcium levels in the blood are maintained within very close tolerances. The reason for this is the many vital functions that calcium has in human physiology. Besides being the principal constituent of the skeleton, calcium is involved in the transmission of nerve impulses, the regulation of cardiac function and the blood clotting mechanism. When the body needs more calcium than is available from dietary sources, the calcium is withdrawn from the skeleton to maintain critical concentrations in the blood and tissue fluids.

A. According to Wical and Swoope, which type of bone is the primary source of this calcium? Name some bones effected and which ones are effected first? -Wical (p14) trabecular bones/ jaws, ribs, vertebrae, ends of long bones/ alveolar bones 1st , then ribs and vertebrae, then long bones. 

     How did Wical and Swoope describe the role of phosphorus, the availability of calcium and phosphorus in the diet, and the importance of the calcium/phosphorus ratio? What is the recommended daily allowance for calcium? Wical p14-15

B. The physician Baylink and his co-authors describe bone loss in terms of decreased formation due to Cushing’s Syndrome (excess cortisol secretion by the adrenal glands) or due to patient receiving large doses of glucocorticoids for arthritis etc. They also describe bone loss in cases of increased resorption of bone. What were the causes listed for increased resorption? -Baylink p492-498: Hypophosphatemia, High levels of Parathyroid hormone (PTH), Estrogen and androgen deficiencies, Calcitonin deficiencies.
     High levels of Parathyroid Hormone can be due to a primary or secondary hyperparathyroidism. What is the difference between the two? -Baylink p.494
What are some of the causes of a fall in serum calcium? - Baylink p494, 3 listed
What are some causes of inadequate calcium absorption from the gut? -page 495, 5 reasons listed
What would you expect to see in terms of serum calcium levels and PTH in a primary hyperparathyroid patient? In someone with secondary hyperparathyroidism? Why? -Baylink p496, 

1. primary -- both elevated

2. secondary – low calcium, high PTH

     Baylink et al describe some methods of treatment of bone loss such as oral calcium supplements. They also discuss the use of estrogen replacement therapy in post- menopausal female patients. What did they list as possible problems with this treatment? –p502, effect on bone density not that great, problems with lipid metabolism. and possible atherosclerosis
What was their view in using the estrogen supplementation? p502

 C. Sones, Wolinsky, and Kratochvil studied the effect of diet on osteoporosis and mandibular bone resorption in rats. What did they use to measure the amount of bone loss in the rats? -abstract or p732 - radioactive tritiated tetracycline
What did they conclude about the differing diets with regards to calcium and protein content? - abstract or summary on page 736
What is the recommended therapy for osteoporosis? listed on page 735,second column
 D. Nedelman and Bernick studied the age related changes in human alveolar mucosa and in bone. What did they conclude about the degree of osteoporosis in men vs. women? -p497 greater in women, rate is probably faster in all bones of the body, after a period of time the resorption rates were equal.
What did they conclude about connective tissues and blood vessels in the aged jaws? - abstract or p498 and p500 CT becomes very dense regular compact similar to tendons, etc. Blood vessels tend to undergo arteriosclerosis leading to ischemia and resulting problems with trauma and lack of repair potential etc. 
III. Reduction of residual ridges – Denture Construction
RRR (Reduction of Residual Ridges as per Atwood or more commonly Residual Ridge Resorption) is a major disease entity that results in the functional impairment of the stomatognathic system. It consequences create hardships for almost all edentulous and partially edentulous patients. The obstacles and complexities that it adds to fixed and removable prosthodontic treatment is well documented and well known to all of us here today. 

  A.  Atwood describes RRR as a chronic, progressive, irreversible and cumulative condition.  What are Atwood’s six orders of residual ridge form? -p.267, fig. 2
Describe the Principle of the "V" as described by Enlow and the Inverted "V" variant of this principle described by Atwood. – page 269 and figure 9 and 10
What did Atwood list as factors that contribute to the etiology of bone loss? p274-274 anatomic, metabolic, functional and prosthetic
What did he list as reasons why RRR is difficult to study? - 7 reasons listed on abstract and on page 276
B. Wical and Brusse studied the effects of calcium and vitamin D supplements in immediate denture patients. What were there conclusions? - p10 average difference of 36% less resorption in the supplement group 
What is the role of vitamin D? What has been found in patients given calcium and not vitamin D in similar experiments? -p10 1st full paragraph: Smith, Zanzi etc studies, Vit D essential for absorption and metabolism of Ca
C. Israel described his measurements of 90 mandibles. Where on the mandibles were the measurements made? What were his conclusions regarding the growth potential of the mandible and why does he think his findings could be important for the future? -page 101-102 and figure 1: measurements made in ramus and mental foramen areas, measured width, did not measure height of ridge etc. He found that the mandible continues to grow throughout life and stated that someday we could be able to stimulate growth to stop or reverse ridge resorption etc.
D. Ortman, Casey and Deers studied the mandibles of beagles. They stated that their interest in the effects of Bioelectric Stimulation on bone was due to the successful induction of osteogenisis and bone healing reported in medical literature. 

What results did they find when Pulsed Electromagnetic Fields (PEMF) were applied to the beagles post extraction? -p69-70 : significant decrease in RRR
What possible mechanism for this was proposed? p 69-"Discussion" 2nd column
1. changes in membrane potentials, increased proteogly’s, increased alk-phos, matrix calcification, etc
2. discussion of possible effects on calcification and type of Ca crystals formed
3. discussion of dental-alveolar complex acting as a mechanical-electrical transducer signaling or mediating the remodeling of the alveolus and how that explains how the bone remains around a lone standing tooth etc. (p69)
They state that "the effectiveness of PEMF in reducing RRR in humans has not yet been demonstrated. The early animal research in long bone studies has been successfully extrapolated to humans and there is every expectation that this PEMF technique will show similar results. If it proves effective in humans, dentistry has gained a potent treatment modality."

E. Meada and Wood studied alveolar bone resorption under complete dentures.Their study was based on a finite element method simulation. What did they conclude about the resorption patterns with regard to the facial-palatal direction.? - p 1370, abstract at top of page: the resorption initiated facially and occlusally on the ridge and moved palatally, also the was greater when the load point was moved facially and when the force was applied in a facial direction
What did they conclude about rebasing ? About occlusal adjustments?

1. When the load point was toward the facial, rebasing increased the amount of resorption, when it was toward the palatal the resorption was the same regardless of rebase
2. " the results argue for the importance of occlusal adjustment of dentures to move the occlusal load point palatally and produce a balanced occlusion in protrusive and lateral excursions, especially after rebase procedures"
F. Kawano et al studied the effects of soft denture liners on stress distribution. They used a two dimensional viscoelastic finite-element stress analysis. Which of the designs did they find showed the most uniform stress distribution in the soft tissue? -p 49, Model 3 which was the one with the liner covering the attached mucosa but not extending to the periphery or borders
Where was the greatest stress concentrated in the model without the soft liner? p49 , the mylohyoid ridge area, see conclusions
The stresses in the bone were found to increase remarkably up to 3 seconds after loading. What effect does this have on the patient who is a bruxer or clencher? They will not benefit as much from these soft liners, because after the 3 seconds of loading the stress is applied and a bruxer would eventually build up all the stress in the bone
IV. Cephalometric Studies
Cephalometrics have been employed to quantify the amount of reduction of the residual ridges. Attempts have also been made to classify patients on the basis of the facial morphology and the Frankfort-mandibular plane angle in order to predict the amount of bone loss that would be expected for the patient.

A. Atwood and Coy performed a study combining cephalometry and densitometry in order to study the rate and amount of RRR in 76 patients over 2.5 years.

What were the findings regarding rates and amounts of ridge reduction when comparing maxilla to mandible? p294, 295 summary:
1. a much higher % of high and well rounded ridges in maxilla, even with patients as much as 20 years post-extraction
2. rates varied greatly among individuals but the average was 0.1mm per year Max and 0.4mm per year for mand. ie 4 X higher in Mand.
Were they able to correlate RRR with factors such as age, sex and bone density? no, but some "suggestive trends" were listed on p.288 – younger patients, wearing dentures at night, lack of coincidence of CO and CR 
B. Tuncay, Thomson et al used a cephalometric evaluation to attempt to document the counterclockwise movement of the mandible and reduction of morphologic reduction in face height. They sought to associate the findings with age, sex, skeletal pattern, years edentulous, nighttime wear and method of denture construction. 

What was the difference in the two techniques of denture construction? p.169
· Complex- facebow, balanced occlusion, clinical remounts
· Standard- no facebow, no attempt to balance occlusion, no remounts, CO=CR
How long were they followed? How often were they relined? P169 10 years -never relined
What were their results? -summary page 179:
1. Max and Mand showed saggital spatial counterclockwise rotation, so did dentures
2. Soft tissue seating of CD’s more important than RRR in positional changes of dentures
3. The techniques of denture construction had no influence on the observed changes 
4. Number of years edentulous was only above factor with much influence 
C. Mercier and LaFontant used cephalometrics to evaluate the influence played by facial morphology on the extent of alveolar bone resorption. What were their conclusions? P97 and summary on p100
· The greater the total face height the more bone there is to lose and there is less chance to reach severe atrophy

· The lower the FMA , the greater the chance for atrophy due to increased compressive forces 

D. Unger, Ellinger and Gunsolley compared edentulous patients 5 and 20 years after the placement of complete dentures in an attempt to establish a relationship between mandibular residual ridge loss and low FMA.What were there findings?

1. p 516, summary: They found no difference in ridge loss at either the 5 or 20 year point when comparing the low FMA patients and the rest of the group

2. they said there was evidence that the low FMA patients had less ridge to start with when they were first treatment planned for dentures

V. Implant Considerations
The use of osseointegrated implants has truly revolutionized the practice of modern dentistry. Today’s seminar articles provide some examples of the indications for implants and a study of the bone-metal interface in osseointegration.

A. Albrektsson and Jacobsson review the important implant parameters in determining the bone-metal interface reaction in an osseointegrated implant. 

How do they summarize or clarify Branemark’s definition of osseointegration? p. 597 A direct contact between a loaded implant surface and bone at the light microscope level.
What methods are used to clinically describe osseointegration? Are these enough to confirm it? P.598, 599 lack of mobility, lack of radiolucency around it, sound when tapped with metal instrument, etc. No, only histological evidence etc can confirm the type of interfacial reaction
What type of bonding mechanisms do they propose for the metal-bone interface? -p606, not known in detail, long range weak van der Walls interactions likely, bone tissue does not bond with metal but with titanium oxide layer, the oxide layers may grow with time 
What type of results did they state the Branemark found regarding immediate loading? -p. 606 improved clinical long-term results have been reported when premature loading was prevented by using a two-stage procedure
What may be the result of premature loading or movement? P 606 - formation of fibrous tissue around the implant
B. Clark and Comfort present six case studies. Restoring the edentulous mandible when opposed by maxillary teeth presents a problem due to rapid loss of supporting alveolar bone in the mandible. The resorption is often so great that in the past many patients were advised to have their maxillary teeth extracted also. Implants in the mandible provide a treatment modality that allows the remaining maxillary teeth to be retained and maintains the level of alveolar bone in the mandible. 

Abstracts
38-001. Wical, K.E., Swoope, C.C. Studies of the residual bone resorption. Part II: The relationship of dietary Calcium and Phosphorus to residual resorption. J Prosthet Dent 32:13-22, 1974
Purpose: To discuss some of the systemic factors as they effect the Resorption of residual ridges. 
Methods & Materials: The diets of 44 denture patients were analyzed and correlation’s between the daily recommended allowances of calcium and phosphorus and the residual bone loss were drawn.
Conclusions: Calcium is regulated very closely be the parathyroid gland. The primary source of calcium outside of the dietary intake are the trabecular bones affecting first the jaws then the ribs, bodies of the vertebrae, and lastly the long bones. 

The roles of calcium in the body are: 

· Main constituent of the skeleton

· Transmission of nerve impulses

· Regular cardiac functions

· Blood clothing mechanism

The roles of phosphorus in the body are:

· Mineralization of bone

· Energy production

· Maintenance of the body’s pH

  Phosphorus is abundant in American’s diets and the excess in the diet can lead to a secondary hyperparathyroidism. The RDA of calcium is 800-1000 mg daily and for phosphorus, 1000-1300 mg. Those patients studied who ate diets deficient in calcium or did not maintain about a l : l ratio of calcium to phosphorus most often exhibited pronounced bone loss. Atrophy of alveolar bone is basically a system disease. There is a positive correlation among low calcium intake, calcium/phosphorus imbalance, and severe ridge Resorption, Dietary considerations should be factored into the diagnosis and treatment of prosthodontic care.

38-002.  Atwood, D.A., Reduction of residual ridges: A major oral disease entity. J Prosthet Dent 26: 266- 277, 1971.
Purpose: To better understand the etiology of oral diseases so that treatment and prevention can be improved.
Discussion: Reduction of residual ridges (RRR) varies in rate, amount and location from individual to individual and within the same individual. The bone of the maxilla and mandible will experience external resorption and endosteal deposition as the residual ridge gradually rounds off once the teeth are lost. Reduction of the residual ridge is chronic, progressive, irreversible and cumulative. The rate of reduction is most dramatic in the first six months following extractions and slows to an almost negligible amount in the maxilla. the mandible resorbs at a more advanced rate (averaging 0.4 mm/year) and can go below the muscle attachments, the genial tubercle, the mylohyoid line and the level of periapical bone.

Factors contributing to the etiology of bone loss:

· Anatomic: Size and shape of the ridge, type of bone and type of mucoperiosteum.

· Metabolic: Age, sex, hormonal imbalance and osteoporosis

· Functional: Frequency, direction and amount of force applied to the ridge

· Prosthetic: Type of denture base, form and type of teeth, the interocclusal distance, etc.

Difficulties in studying RRR include:

1. The disease is universal but the rate and amount of destruction varies between individuals.

2. A single evaluation can not reveal the present rate of loss.

3. The rate is slow, many years are needed for adequate information.

4. The rate varies at different times and at different sites.

5. The rate is multifactorial and correlations may be inconclusive.

6. Not all the cofactors are easily measured.

7. There may be other cofactors that are not being considered such as hormones, vitamins, minerals, etc.

38-003. Wical K.E.,  Effects of Calcium and Vitamin D supplement on alveolar ridge resorption in immediate denture patients. J Prosthet Dent 41:4-11,1979.
Purpose: To test the hypothesis that a daily calcium and vitamin D supplement would tend to reduce the rate and extent of alveolar bone resorption following extractions.

1. A positive correlation exists between severe ridge resorption and combination of a low calcium intake and low dietary calcium-phosphorus ratio in the diet.

2. A positive correlation exists between minimal ridge resorption and a combination of high calcium intake and calcium-phosphorus ratio in the diet. 

3. Vitamin D is essential for absorption and metabolism of calcium.

4. Calcium supplementation can retard the progress of osteoporotic disease.

5. 750 mg of calcium and 375 USP units of vit D daily were given.

Results:

1. 34% less resorption in the maxilla, 39% less in the mandible.

2. The rate and severity of alveolar ridge resorption are related to the adequacy of the calcium intake and the calcium-phosphorus ratio of the diet. A significant degree of protection against resorption of alveolar bone may be gained from consistent use of the supplement containing calcium and vit D.

3. A 1 gm calcium supplement daily for one year shows an increase in bone density in the mandible of 12.5%.

4. Osteoporosis of the maxilla and mandible has been described from histologic studies.

5. Resorption and increased bone mineralization in osteoporotic patients given calcium and vit D has been demonstrated.

6. Calcium in doses of 750 to 1000 mg and 375 to 400 IU of vit D daily may be continued indefinitely as long as the dietary inadequacy exists.

38-004. Nedelman, C.I., and Bernick, S. The significance of age changes in human alveolar mucosa and bone. J Prosthet Dent 39:495-501,1978.
Purpose: To determine by histologic and histochemical methods the changes in bone and overlying mucosa in aged human edentulous and dentulous individuals.
Materials and Methods: The upper and lower edentulous jaws of 5 men and 3 women aged 72 - 92 were obtained within 8 hours of death. The upper and lower jaws of a 14 year old boy were used as a control. The jaws were sectioned and stained for evaluation.
Results: The mandibles of the aged women were resorbed to the mylohyoid ridge. The cortical plates were very thin and the marrow cavity was almost completely filled with adipose tissue. The cortical plates of the men were thicker than the women. The edentulous maxilla of the women showed extensive osteoporosis. The crestal bone was thin and frequently interrupted. The edentulous maxilla of the men also exhibited osteoporosis, but to a lesser extent. Osteoclast were found adjacent to the persistent trabeculae. The crestal bone of the 14 year old boy was thick and active and osteoblast were present. The alveolar and gingival arteries in all aged specimens exhibited arteriosclerosis
Conclusion: The degree of osteoporosis was greater in women than in men and may be due to postmenopausal influences. The loss of osseous substance from the jaws may be a reflection of what is occurring in other bones in the body. It has been noted that there is skeletal resorption in all bones of the body and that the rate of resorption is faster in females. However, after a period of time the resorption the was equal.
     The changes observed histologically in the aged specimens studied showed that the connective tissue of young adults, had changed from irregularly arranged thin bundles of collagen to very regular compact bundles of fibers similar in appearance to a ligament or tendon in the aged specimens. The tendency of other connective tissue fibers to undergo degenerative changes has also been described. The arteriosclerosis described may lead to intermittent ischemia which may make the tissues more susceptible to injury by trauma.
     The changes that occur in the aged maxillary and mandibular ridges are irreversible, and these changes limit the extensibility and the rebound capacity of the denture bearing area. 

38-005. Baylink, D. et al. Systemic Factors in Alveolar Bone Loss. J Prosthet Dent 31:486-505, 1974.

Purpose: To discuss the role of systemic factors in bone loss.
Discussion: 

Mechanisms of bone loss-

Bone Loss due to decreased formation:
1. Glucocorticoids markedly inhibit bone formation and cause severe osteoporosis.

2. excess secretion of cortisol by the adrenal glands ( Cushing’s syndrome)

3. Glucocorticoid therapy for treatment of diseases such as rheumatoid arthritis

Bone loss due to increased resorption
Hypophosphatemia. 

1. rarely occurs as a result of deficient phosphorus intake

2. may occur in patients with duodenal ulcers who are treated with aluminum hydroxide gel, which binds phosphorus and renders it unabsorbable

High PTH-normally controlled by serum levels of calcium

1. primary hyperparathryoidism- parathyroid glands secreting abnormally large amounts of hormone

2. secondary hyperparathyroidism
a.  low calcium intake
b.  poor absorption of calcium
     -small bowel disease, such as sprue
     -liver disease which may impair fat absorption and thereby promote formation of insoluble calcium soaps
     -partial gastrectomy which decreases calcium absorption
     - deficiency of Vitamin D
c. excess urine excretion of calcium
d. pregnancy and lactation
e. renal disease

Estrogen and Androgen deficiencies

1. Estrogen appears to antagonize the effect of PTH on bone resorption, thus an estrogen deficiency would be expected to increase the sensitivity of bone to the resorptive action of PTH.

2. Androgen deficiency is associated with decreased bone density but has been less well studied than estrogen deficiency

3. Calcitonin deficiency. Calcitonin, produced in the thyroid glands inhibits bone resorption

Bone loss due to unknown causes
· Age related bone loss-after age 40 there is a decline in bone density, particularly in women.

· Genetic Factors- there is a strong suspicion that genetic factors influence bone density supported by the fact that black people have higher maximum bone density in young adulthood and less age-related bone loss than white people.

38-006. Kelsey, CC. Alveolar Bone Resorption under Complete Dentures. J Prosthet Dent 25:152-161, 1971. 

Discussion: Bone is constantly being remodeled by physiologic processes involving apposition of new bone and resorption of existing bone. Wolff’s "Law of Bone Transformation" (1892) changes in function of bone produced adaptive changes in the trabecular architecture and external form. Koeliker stated that bone mineral and matrix are absorbed simultaneously, and osteoclasts erode bone chemically.
     (Hoyte and Enlow) Systemic factors (vitamins, minerals and hormones) are considered of secondary importance due to all body tissues equally exposed to their influences. Local factors are of primary importance and include extrinsic biomechanical forces, genetic influence and interaction between bone and membranes.
     Continued disagreement of whether dentures cause changes in the stratum corneum of the oral epithelium. The trabeculae of edentulous mandibles tend to be finer and completely disorganized. Atwood, Carlsson and Nakamoto studies suggest that resorption of the residual ridges is an inevitable and irreversible physiologic process.
     The denture factors, which may effect alveolar bone, include occlusal forms of teeth, alignment, deformation of denture base, tooth material and loss of occlusal vertical dimension. Overclosure, loss of VDO, causes the mandible to be moved or rotated forward and upward leading to disharmony and excessive trauma to the anterior region. Factors in complete dentures that can minimize loss of alveolar bone include optimum soft tissue health prior to making impressions, avoid a locked denture occlusion, careful occlusal equilibration, regular dental recall and encourage patients to remove the dentures while sleeping. 

38-007. Atwood D. A. and Coy, W.A. Clinical, Cephalometric, and Densitometric Study of Reduction of residual ridges. J Prosthet Dent 26:280-295,1971.
Purpose: Study of anterior residual ridge reduction in 76 patients over 2.5 years.
Findings:

1. 68% of max ant ridges were high well rounded, including 50% of those over 20 years post extraction.

2. 54% of man ant ridges were knife edged; 34% were high well round, of these, 80% were 2 years or less postextraction. 

3. Reduction in the max was .1 mm per year

4. Reduction in the man was .4 mm per year, a four fold greater increase.

5. No strong correlation between resorption and co-factors of anatomy, sex, age, menopause, stability, hours denture is worn.

6. No correlation was found between bone density and reduction of residual ridges.

38-008. Mercier, P. and LaFontant, R. Residual alveolar ridge atrophy: Classification and influence of facial morphology. J Prosthet Dent 41:90-100,1979.
Purpose: To measure and classify the different alveolar atrophies, and to evaluate the influence played by the facial morphology on the extent of alveolar bone resorption.
Materials and Methods: 160 men and women were divided into four groups of 40. The groups were as follows. 40 women with a mean age of 48 who had been wearing dentures for approximately 24 years. 40 men with a mean age of 47 who had been wearing dentures for 21 years. 40 women with a mean age of 21 and 40 men with a mean age of 26 who have most of their natural teeth and the absence of periodontal disease. 
     Lateral head films were made for each patient and a common cephalometric tracing was completed with the addition of the following points and area measurements.

1. Point O: The projection of pogonion on the mandibular plane

2. Prosthion (Pr): The most prominent point on the alveolar process of the anterior aspect of the maxilla.

3. Infradentale (Id): The most prominent point on the alveolar process of the anterior aspect of the mandible. Id-40: A point on the mandibular plane 40 mm from point O. Two sagittal area measurements SU and SL.

Results: The people were classified into five groups: No atrophy, minimal atrophy, moderate atrophy, severe atrophy, and extremely severe atrophy. There are graphs that show distributions by severity of atrophy, age groups and facial morphology.
Conclusion: The longer the face, the more bone there is and the less chance there is for an individual to reach a stage of severe atrophy. The more closed the vertical dimension is, the more compressive the forces are, and the greater the chances for an individual to reach the stage of extremely severe atrophy.

38-009. Israel, H.  Evidence for continued apposition of adult mandibular bone from skeletalized materials. J Prosthet Dent 41: 101-104, 1979.
Purpose: To evaluate continued apposition of adult mandibular bone from skeletalized materials.
Methods and Materials: 90 dried mandibles were measured in 8 area using vernier calipers. These included the width of the mandible at various places near the mental foramen area and other sites on the ramus. There were no measurements of the height of the mandibles of alveolar bone, ridge height, etc. The age range was 20 to 69 years.
Results: The growth expansion of the mandible increased a steady 2% per decade with a 4 decade increase of 6-8%.
Discussion: The results demonstrated continued expansion of the mandible with age. This could have significance in prosthodontics. It implies that subperiosteal bone retains a potential to form new material throughout life and in such a quantity that it is measurable. It might be possible in the future to utilize the body’s unending ability to build and maintain bone. 

38-010. Meada, Y. and Wood, W.W. Finite element method simulation of bone resorption beneath a complete denture. J Dent Res 68:1370-1373,1989.
Purpose: Evaluate the relative effects of rebasing and the position of occlusal loading on the compressive strains in the tissues underlying a complete denture.
Methods & Materials: A two-dimensional plane-stress finite-element simulation model was made of the maxillary denture base, occlusal table, alveolar mucosa, cortical bone and cancellous bone. A vertical load of 100N was applied at the facial edge of the occlusal table, above the crest of the alveolar ridge and at the palatal edge. A lateral load of 20N was also applied at the palatal edge.

Results:

1. Resorptive Process: resorbed area expanded palatally and rostrally from the facial surface.

2. Loading Conditions: the most severe resorption under vertical loading occurred when the load point was on the facial. As load moved from the facial to the palate, the bone resorption became smaller and more evenly distributed.

3. Rebasing: when the load point was kept at the facial there was more bone resorption than if no rebase had been done. When the load point was kept in the middle bone resorption progressed palatally.

Conclusions: The loading position is significant and effects the position of denture tooth placement. More bone resorption was seen from facially and laterally directed forces; therefore, denture teeth should be kept directly over the ridge and laterally forces should be kept at a minimum. Rebasing could cause more rapid bone resorption. Bone resorption beneath a denture is related to the compressive stresses transmitted to the bone.

38-011. Tuncay O. C., D.M.D. Cephalometric evaluation of the changes in patients wearing complete dentures. A ten-year longitudinal study. J Prosthet Dent 51:169-180,1984.
Findings:

· The maxillae and mandible showed sagittal spatial counterclockwise displacement.

· Complete dentures exhibit a counterclockwise rotation and forward movement.

· Soft tissue seating is more important than alveolar ridge resorption in the positional changes of complete dentures.

· Variation in denture techniques had no influence on the observed changes.

· Changes were not significantly affected by variables such as sex, years edentulous, nighttime wear, or skeletal pattern.

38-012. Sones, A.D., Wolinsky, L.E. and Kratochvil, F.J. Osteoporosis and mandibular bone resorption: A prosthodontic perspective. J Prosthet Dent 56:732-736,1986.
Purpose: To establish an animal model to quantify mandibular bone resorption by means of a radioisotope.
Materials and Methods: 34 rats were injected with radioactive tritiated tetracycline subcutaneously during the 4th to 9th week of life. These injections would label all the bone during the greatest period of bone formation. During the injection period all animals were fed a normal diet. 8 animals were sacrificed and the amount of radioactive material was measured. The remaining animals were split into two groups and fed different diets. One group received a normal diet including 500 gm/kg of calcium and 200 gm/kg of protein. The other group received a diet that has been shown to induce osteoporosis including 800 gm/kg of protein and no calcium. At the end of 90 days the animals were sacrificed and the amount of radioactivity was measured. The resorption was measured by the amount of radioactivity lost. A histologic analysis was made through the body of the mandible, the coronoid process, the middle of the ascending ramus, and the condyle.
Results: Males fed the normal diet gained more weight than males fed the osteoporotic diet. No other weight gain difference was noted.. The osteoporotic diet produced significantly less radioactivity than the normal diet. The histology of the bone confirmed the presence of osteoporosis in the experimental group. 
Conclusion: Osteoporosis induced by a high protein, low calcium diet increases total mandibular resorption. Others have suggested that high protein diets may be a factor in osteoporosis. Dietary counseling by the prosthodontist in important.

38-013. Ortman, L.F. Bioelectric Stimulation and Residual Resorption. J Prosthet Dent 67:67-71, 1992.
Purpose: To discuss residual ridge resorption as it relates to bioelectric stimulation.
Methods and Materials: 10 female adult purebred beagle dogs were the subjects for this study. Impressions were taken, third and fourth premolars were removed from the master cast, and a chrome/cobalt FPD was fabricated with two holes for an attachment of a pulsed electromagnetic fields (PEMF) coil and X-ray alignment device. The teeth were extracted and the FPD was cemented. The PEMF coil was activated one hour per day, five days a week over a 180-day interval.
Results: The results indicate a significant difference in residual ridge height between the PEMF group and controls groups. The crest of the PEMF residual ridges and the endosteal bone are characterized as active healing bone. Generous amounts of supporting vasculature were found.
Conclusion: The presence of endosteal stress-generated electric signals and steady-state potentials in bone has been documented. Endogenously generated signals combine to form the stimulation and the feedback mechanism that controls remodeling in the bone. Magnetic fields may act on calcium crystal formation and increase the crystalline density of the calcium. The loss of tooth significantly changes the bioelectric events in the edentulous site and result in residual ridge resorption.
     This study used intermittent stimulation of one hour per day. Brewer showed masticatory and swallowing contact is between dentures averaged 15 minutes per day. Loads from clenching and bruxing amount to one hour or less. The importance of the effectiveness of the intermittent stimulation indicates that therapy on an outpatient schedule is possible. No human studies to date have proven PEMF effectiveness.

38-014.  Albrektsson, T. and Jacobsson, M., Bone-metal interface in osseointegration. J Prosthet Dent 57:597-607, 1987.
Purpose: To review the important implant parameters in determining the bone-metal interface reactions used around an inserted titanium screw. 
Discussion: 1. Definition of osseointegration: Branemark coined the term osseo- integration to describe a direct bone-to-implant interface observed in experimental and clinical investigations. Osseointegration is defined as: a direct contact between a loaded implant surface and bone at the light microscopic level.

Clinical approaches to describe the osseointegrated interface: 

· mobility- finding a mobile implant is definite evidence that it is nonintegrated. Unfortunately the presence of clinical stability cannot be taken as conclusive evidence of osseointegration.

· radiolucent zones around the implant- clear indication of the implant being anchored by fibrous tissue. Lack of radiolucent zones is not evidence of osseointegration.

· transmitted sound when tapped with a metal instrument- in theory may indicate osseointegration, but to the author's knowledge, there is no typical "sound diagram".

Clinical tests are only capable of roughly indicating the true tissue response. Biologic tests and experimental data are needed to confirm the type of interfacial reaction present.

Experimental evidence of bone-to-metal contact. Histologic examination provides the best evidence of the type of implant attachment. Electron microscopy (transelectron microscopy) is a complicated procedure due to different moduli of elasticity between the bulk metal and tissue. After titanium-coated implants had been in-situ in rabbit bone for 6 months or longer, collagen filaments reached as close as about 200 A. from the implant surface. There was a partially calcified amorphous ground substance consisting of proteoglycans and glucoseamino- glycans covering the last 200-300 A. No decalcified space was found between the titanium and tissue, but calcification was less pronounced in the last few hundred A.

Metal ion release from CP Titanium and Titanium-6Al-4V implants: There is concern that the aluminum content of Ti-6Al-4V may result in problems over time.

The importance of controlled surface properties for osseointegration: High surface energy materials are capable of true tissue integration, low surface energy materials are less successful. The fate of a dental implant is determined at time of insertion in bone, and little tissue repair occurs later if the surface properties of the implant are initially uncontrolled.

The importance of controlled surface structure for osseointegration: 
· Plasma coated surfaces withstand less tensile force than a sandblasted surface.

· Improved clinical long-term results have been reported when implants were prevented from premature loading by using a two-stage procedure.

Bonding mechanisms over the osseointegrated interface: 

· types of bonds are not known in detail: Long range, weak van der Waals, seems to be most probable.

· bone tissue does not interact with titanium metal, but with titanium oxide, which increases in thickness with time (not static).

38-015. Unger, J.W. et al. An analysis of the relationship between mandibular alveolar bone loss and a low Frankfort-mandibular plane angle. J Prosthet Dent 66:513-515,1991.
Purpose: To discover whether a relationship exists between mandibular residual ridge loss and a low FMA.
Results:

1. The low FMA group ( less than 20 degrees), did not experience statistically greater amounts of alveolar ridge loss when compared with the group with an FMA larger than 20 degrees.

2. The loss of residual ridge height for both groups followed a linear relationship from year 5 to year 20. 

3. There was some indication that the residual ridge height was smaller initially in the low -FMA group. The relative effect of the loss of the residual ridge height, combined with a smaller residual ridge originally, indicates that the low-FMA patients are more likely to have anatomic deficiencies and problems with complete dentures associated with this lack of mandibular residual ridge height.

38-016. Clark, R.K.F. The edentulous mandible opposed by natural maxillary teeth. A report of six cases treated with implant retained prostheses. Quintessence Int 25:15-22,1994.
No study was completed. Six case reports are presented.

Discussion: Restoring the edentulous mandible when opposed by natural maxillary teeth present a problem due to rapid loss of the supporting alveolar bone in the mandible. The resorption is often so great that in the past patients were advised to have their maxillary teeth extracted also. Implants in the mandible provide a treatment modality that allows the remaining maxillary teeth to be kept and maintains the level of alveolar bone in the mandible. 

38-017.  Kawano F, et al.  Effect of Soft Denture Liner on Stress Distribution in Supporting Structures Under a Denture.  Int J Pros 6: 43-49, 1993.

Purpose: To predict the effects of soft denture liners on the stresses transferred to the denture-bearing area by using viscoelastic finite-element analysis. Advantages of soft liners for clinical use are also considered.
Materials & Methods: This study involved four models, there was one denture without a liner and three had configurations of a soft liner. These were simulated by using a two-dimensional viscoelastic finite-element stress analysis. 
Conclusions:  From this study it was found that viscoelastic finite-element analysis is a useful method for examining the stress distribution under dentures during function.

· when no soft tissue liners were used, the mylohyoid ridge had the greatest stress concentration because the mandibular denture rotated in that direction. The denture was supported on the lingual slope of the residual ridge.

· the most uniform stress distribution to the soft tissue was Model 3 ( the soft denture liner covering the attached mucosa but not extending to the periphery of the denture.) there were differences according to the design of the soft tissue liner, and the stress intensity in the bone under a denture with a soft denture liner increased up to 3.0 seconds after loading.

· the displacement of the denture increased when soft denture liners were used, the direction and amount of denture movement were related to the lining design

Soft liners appear to be useful for improving the stress distribution in the supporting structures under dentures

Review Quiz
1. What is the difference between primary and secondary hyperparathyroidism?
a. Primary hyperparathyroidism is glandular in origin. It is the result of overproductuion of PTH not caused by sources other than the Parathyroid gland.
b. Elevated serum PTH and elevated serum Ca.
c. Secondary hyperparathyroidism is caused by production of high levels of PTH in response to low serum Ca. In secondary hyperparathyroidism, the parathyroid gland is normal in function.
d. Elevated serum PTH but hypocalcemia.
2. What is:

a. the effect of high dietary Ca/P ratio?  Favorable

b. the effect of low dietary Ca/P ratio?   Secondary Hyperparathyroidism

c. the appropriate Ca/P ratio limit?        Some say 1:1 is appropriate, but it should not be less than 0.7:1

3. Describe the PTH feedback system. Include actions and responses at the blood level, the hormonal level, and the bone level.

     It is a negative feedback system. When serum Ca is below normal, PTH is secreted and Ca is mobilized primarily from trabecular bone. Sites of preference are jaws, ribs and vertebrae, and ends of long bone. Bone is resorbed and Ca is made available to the extracellular fluid, thereby raising serum Ca levels.

4. Describe Wolff’s law.
