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Goals

Improve diagnosis of osteoporosis

Understand DXA basics

Deepen knowledge of therapeutic options



What is osteoporosis?



“A systemic skeletal disease characterized 
by low bone mass and microarchitectural 
deterioration of bone tissue with a 
consequent increase in bone fragility and 
susceptibility to fracture.”

Consensus development conference: diagnosis, prophylaxis, and treatment of osteoporosis. Am J Med. 1993 Jun;94(6):646-50. doi: 10.1016/0002-9343(93)90218-e. PMID: 8506892.

There is no cure…





Framework



Diagnosis and DXA



3 ways to diagnose 
osteoporosis



Diagnosis

1. FRAX

2. Fragility Fractures

3. DXA

Siris, E. S., et al (2014). The clinical diagnosis of osteoporosis: a position statement from the National Bone Health Alliance Working Group. Osteoporosis international : a journal established as result of cooperation between the European Foundation for Osteoporosis and the 
National Osteoporosis Foundation of the USA, 25(5), 1439–1443.
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Siris, E. S., et al (2014). The clinical diagnosis of osteoporosis: a position statement from the National Bone Health Alliance Working Group. Osteoporosis international : a journal established as result of cooperation between the European Foundation for Osteoporosis and the 
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Diagnosis

Major Osteoporotic 

Fracture: ≥20%

Hip Fracture: ≥3%



Diagnosis

1. FRAX

2. Fragility Fractures

3. DXA

Siris, E. S., et al (2014). The clinical diagnosis of osteoporosis: a position statement from the National Bone Health Alliance Working Group. Osteoporosis international : a journal established as result of cooperation between the European Foundation for Osteoporosis and the 
National Osteoporosis Foundation of the USA, 25(5), 1439–1443.



“The definition of an osteoporotic 
fracture is not straightforward.”

Kanis JA, Oden A, Johnell O et al. (2001) The burden of osteoporotic fractures: a method for setting intervention thresholds. Osteoporosis International 12: 417–27.



Fragility Fracture*

1. Hip +/- DXA = osteoporosis
• Consider vertebral

2. Vertebral, proximal humerus, pelvic + 
osteopenia (DXA) = osteoporosis

3. Distal forearm = individualize

Siris, E. S., et al (2014). The clinical diagnosis of osteoporosis: a position statement from the National Bone Health Alliance Working Group. Osteoporosis international : a journal established as result of cooperation between the European Foundation for Osteoporosis and the 
National Osteoporosis Foundation of the USA, 25(5), 1439–1443.
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T-scores

1. Postmenopausal Women

2. Men ≥50



T-scores

Diagnosis T-score

Normal ≥ -1.0

Assessment of fracture risk and its application to screening for postmenopausal osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser. 1994;843:1-129. PMID: 7941614.



T-scores

Diagnosis T-score

Normal ≥ -1.0

Osteopenia (Low Bone 

Mass)

-1.1 to -2.4

Assessment of fracture risk and its application to screening for postmenopausal osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser. 1994;843:1-129. PMID: 7941614.



T-scores

Diagnosis T-score

Normal ≥ -1.0

Osteopenia (Low Bone 

Mass)

-1.1 to -2.4

Osteoporosis ≤ -2.5

Assessment of fracture risk and its application to screening for postmenopausal osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser. 1994;843:1-129. PMID: 7941614.



T-scores

Diagnosis T-score

Normal ≥ -1.0

Osteopenia (Low Bone 

Mass)

-1.1 to -2.4

Osteoporosis ≤ -2.5

Severe Osteoporosis ≤ -2.5 + Fracture

Assessment of fracture risk and its application to screening for postmenopausal osteoporosis. Report of a WHO Study Group. World Health Organ Tech Rep Ser. 1994;843:1-129. PMID: 7941614.



Wait, what is a T-score?



Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet. 2002 Jun 1;359(9321):1929-36. doi: 10.1016/S0140-6736(02)08761-5. PMID: 12057569.

T-score ≈ Standard Deviation



T-score Calculation

T-score = BMD patient – BMD young-normal mean ref

SD young-normal mean ref



Normative Databases

• NHANES III for femoral neck, total hip

• Manufacturer’s database for lumbar spine

Shuhart CR, YeapSS, Anderson PA, Jankowski LG, Lewiecki EM, Morse LR, Rosen HN, Weber DR, Zemel BS, Shepherd JA. Executive Summary of the 2019 ISCD Position Development Conference on Monitoring Treatment, DXA Cross-calibration and Least Significant Change, Spinal Cord Injury, 
Peri-prosthetic and Orthopedic Bone Health, Transgender Medicine, and Pediatrics. J Clin Densitom. 2019 Oct-Dec;22(4):453-471. doi: 10.1016/j.jocd.2019.07.001. Epub 2019 Jul 5. PMID: 31400968.



Different machines can give 

different T-scores!



But which locations?





Possible Sites

• Individual Vertebra
• 2-4 Vertebra
• Femoral Neck
• Trochanter
• Ward’s Area
• Total Hip
• Upper Neck
• Lower Neck
• Dual Femur*

• UD Radius
• UD Ulna
• 33% Radius
• 33% Ulna
• Both UD
• Both 33%
• Radius Total
• Ulna Total
• Both Total



Recommended Sites

Diagnosis from lowest T-score: 

• L1-L4 Spine*

• Femoral Neck

• Total Hip

• 33% Nondominant Radius*



You didn’t review 

the image?



• Retrospective review of f/u DXA images
• DXA specialist radiologist

• 485 DXA (prior outside)

• Types and quantity of errors



Carmelo et al

• >90% had ≥1 error

• Errors could lead to management implications

Messina C, Bandirali M, SconfienzaLM, D'Alonzo NK, Di Leo G, Papini GD, Ulivieri FM, Sardanelli F. Prevalence and type of errors in dual-energy x-ray absorptiometry. Eur Radiol. 2015 May;25(5):1504-11. doi: 10.1007/s00330-014-3509-y. Epub 2014 Nov 27. 







L1-L3 calculation ≈ T-score -2.6



Treatment



• Multinational, Prospective, observational cohort
• 60,393 postmenopausal women aged 55+

• 1,075 fragility fractures

Over 80% were not treated



“…What is inconceivable 

for a patient following a 

myocardial infarction is 

normal in the vast majority 

of patients discharged 

from a hospital after a hip 

fracture.”



Nonpharmacologic Pharmacologic



Nonpharmacologic Therapy



Approach

1. Avoid tobacco and excessive alcohol

2. Weight-bearing exercise

3. Fall prevention

4. Calcium 

5. Vitamin D

LeBoff, M., Greenspan, S., Insogna, K. et al. The clinician’s guide to prevention and treatment of osteoporosis. Osteoporos Int (2022). https://doi.org/10.1007/s00198-021-05900-y



Approach

1. Avoid tobacco and excessive alcohol

2. Weight-bearing exercise

3. Fall prevention

4. Calcium 

5. Vitamin D



Calcium

Life Stage 

Group

Calcium 

mg/day 

(NAM/BHOF)

Calcium Safe 

Upper Limit

Women 51-70 1200 2500

Men 51-70 1000 2000

Both 71+ 1200 2000

Adapted From: LeBoff, M., Greenspan, S., Insogna, K. et al. The clinician’s guide to prevention and treatment of osteoporosis. Osteoporos Int (2022). https://doi.org/10.1007/s00198-021-05900-y



Dietary Calcium

Food Calcium Content 

(mg/serving)

Yogurt (8 oz, plain) 415

Sardines (3 oz) 325

Milk (1 cup, nonfat) 299

Soymilk (1 cup) 299

Adapted From: U.S. Department of Agriculture. FoodDataCentral from NIH Calcium FactSheet. (https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/#en12)

https://ods.od.nih.gov/About/exit_disclaimer.aspx


Dietary Calcium

Food Calcium Content 

(mg/serving)

Yogurt (8 oz, plain) 415

Sardines (3 oz) 325

Milk (1 cup, nonfat) 299

Soymilk (1 cup) 299

Breakfast cereals 130

Kale 94

Pinto Beans (1/2 cup) 54

Broccoli (1/2 cup) 21

Adapted From: U.S. Department of Agriculture. FoodDataCentral from NIH Calcium FactSheet. (https://ods.od.nih.gov/factsheets/Calcium-HealthProfessional/#en12)

https://ods.od.nih.gov/About/exit_disclaimer.aspx




“…moderate-quality evidence (B level) that calcium 

with or without vitamin D intake from food or 

supplements has no relationship (beneficial or harmful) 

to the risk for cardiovascular and cerebrovascular 

disease, mortality, or all-cause mortality in generally 

healthy adults…”



Calcium Recommendations

1. Follow recommended RDA for goal amount

2. Food sources first, supplements to make up 
difference

3. Choose formulation 



Carbonate Citrate

Stomach acid

Smaller size

IBD

Reduced Acid

Malabsorption

GI Intolerance



Overview

1. Weight-bearing exercise

2. Avoid tobacco and excessive alcohol

3. Fall prevention

4. Calcium 

5. Vitamin D



Vitamin D



Vitamin D

Life Stage Group Vitamin D (units/day) 

NAM/BHOF

Women 51-70 600/800-1000

Men 51-70 600/800-1000

Both 71+ 800/800-1000

Adapted From: LeBoff, M., Greenspan, S., Insogna, K. et al. The clinician’s guide to prevention and treatment of osteoporosis. Osteoporos Int (2022). https://doi.org/10.1007/s00198-021-05900-y



Levels

Target: 30-50 ng/mL

LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG, Singer AJ, Siris ES. The clinician's guide to prevention and treatment of osteoporosis. Osteoporos Int. 2022 Apr 28. doi: 10.1007/s00198-021-05900-y. Epub ahead of print. PMID: 35478046.



Pharmacologic Therapy



Postmenopausal Women

Abaloparatide

(Tymlos)

Alendronate 

(Fosamax)

Calcitonin Denosumab (Prolia)

Zolendronate

(Reclast)

Ibandronate (Boniva)

Raloxifene (Evista) Risedronate (Actonel)

Romosozumab 

(Evenity)

Teriparatide (Forteo)

LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG, Singer AJ, Siris ES. The clinician's guide to prevention and treatment of osteoporosis. Osteoporos Int. 2022 Apr 28. doi: 10.1007/s00198-021-05900-y. Epub ahead of print. PMID: 35478046.



Men

Alendronate 

(Fosamax)

Denosumab (Prolia)

Zolendronate

(Reclast)

Risedronate (Actonel)

Teriparatide (Forteo)

LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG, Singer AJ, Siris ES. The clinician's guide to prevention and treatment of osteoporosis. Osteoporos Int. 2022 Apr 28. doi: 10.1007/s00198-021-05900-y. Epub ahead of print. PMID: 35478046.





AACE

High Risk/No Prior 

Fractures

Alendronate, 

denosumab, risedronate, 

zolendronate

Alternatives: 

Ibandronate, raloxifene

Very High Risk/Prior 

Fractures

Abaloparatide, 

denosumab, 

romosozumab, 

teriparatide, 

zolendronate

Alternatives: 

Alendronate, risedronate

Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry LS, FarookiA, Harris ST, Hurley DL, Kelly J, Lewiecki EM, Pessah-Pollack R, McClung M, Wimalawansa SJ, Watts NB. AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS/AMERICAN COLLEGE OF 
ENDOCRINOLOGY CLINICAL PRACTICE GUIDELINES FOR THE DIAGNOSIS AND TREATMENT OF POSTMENOPAUSAL OSTEOPOROSIS-2020 UPDATE. Endocr Pract. 2020 May;26(Suppl 1):1-46. doi: 10.4158/GL-2020-0524SUPPL. PMID: 32427503.



Overview

• Bisphosphonates

• Denosumab

• Romosozumab

• Parathyroid hormone analogs



Bisphosphonates

• Antiresorptive

• Oral
• Alendronate
• Ibandronate
• Risedronate

• IV
• Zolendronate
• Ibandronate



Solomon CG. Bisphosphonates and osteoporosis. N Engl J Med. 2002 Feb 28;346(9):642. doi: 10.1056/NEJM200202283460902. PMID: 11870240.

Effect persists after stopping = 

Drug holiday okay



Black DM et al. N Engl J Med 2007;356:1809-1822.



J of Bone & Mineral Res, Volume: 30, Issue: 5, Pages: 934-944, First published: 26 December 2014, DOI: (10.1002/jbmr.2442) 



Safety

• Orals: GI Intolerance

• Nephrotoxicity, Hypocalcemia
• Check vitamin D, calcium, Cr prior to treating

• MSK Pain; Flu-like Symptoms

• Inflammatory Eye Reactions

• Atypical Femur Fractures

• Osteonecrosis of the Jaw



Denosumab

• Antiresorptive (RANKL inhibitor)

• Subcutaneous every 6m





Cummings SR et al. N Engl J Med 2009;361:756-765.



Safety

• Possible increased infection risk

• Hypocalcemia; okay in CKD

• Osteonecrosis of the Jaw

• Atypical Femur Fractures

• Rebound Vertebral Fractures



• Freedom: 3 year RCT DMAb vs. PBO

• Freedom Extension: 7-year extension

• Discontinuation with >7 months follow up

• Looking for vertebral fractures



Cummings SR, Ferrari S, Eastell R, Gilchrist N, et al. Vertebral Fractures After Discontinuation of Denosumab: A Post Hoc Analysis of the Randomized Placebo-Controlled FREEDOM Trial and Its Extension. J Bone Miner Res. 2018 Feb;33(2):190-198. 

Drug holiday NOT appropriate





Romosozumab

• Antiresorptive AND anabolic; Sclerostin Inh

• SubQ monthly x 1 year



Rauner M, Taipaleenmäki H, Tsourdi E, Winter EM. Osteoporosis Treatment with Anti-Sclerostin Antibodies—Mechanisms of Action and Clinical Application. Journal of Clinical Medicine. 2021; 10(4):787



Cosman F et al. N Engl J Med 2016;375:1532-1543.
Saag KG et al. N Engl J Med 2017;377:1417-1427.



Safety

• Hypocalcemia

• Skin reactions

• Osteonecrosis of the Jaw

• Atypical Femur Fractures (?)

• CV events



“Together, these other data 

indicate that the difference in 

rates of CVD between 

alendronate and romosozumab 

in the ARCH trial is probably 

due to chance.”



ONJ & AFF



ONJ

• Case Definition
• Current or prior treatment with offending drug

• Exposed bone or bone that can be probed via 
fistula that has persisted for > 8 weeks

• No history of jaw radiation or metastatic disease



Mechanisms

• Pathophysiology not well understood

• Most often related to tooth extraction or 
dentoalveolar surgery; more often in oncology

• No Data: Implants, endodontal or periodontal 
procedures

• Other Risks: Dentures, periodontal disease, 
infections, genetics

Khan AA, Morrison A, Hanley DA, Felsenberg D, et al; International Task Force on Osteonecrosis of the Jaw. Diagnosis and management of osteonecrosis of the jaw: a systematic review and international consensus. J Bone Miner Res. 2015 Jan;30(1):3-23. 



Incidence

“From the currently available data, the incidence of ONJ 
in the osteoporosis patient population appears to be 
very low, ranging from 0.15% to less than 0.001% 
person-years of exposure and may be only slightly 
higher than the frequency observed in the general 
population”



Recommendations

1. Complete extractions/surgery prior to starting

2. Oral BP <4y without other risk factors
i. No alteration or delay in oral surgery
ii. If implants, informed consent

3. Oral BP <4y + risk factors
i. Consider holding x 2 months prior 

4. Oral BP >4y
i. Consider holding x 2 months prior 



Atypical Femur Fracture



Atypical Femur Fracture

• Prodrome: Pain in the thigh/groin region

• More common in osteoporosis than cancer
• Likely related to duration

• Other risks: Lateral femoral bowing, 
autoimmune diseases, GC use

LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG, Singer AJ, Siris ES. The clinician's guide to prevention and treatment of osteoporosis. Osteoporos Int. 2022 Apr 28. doi: 10.1007/s00198-021-05900-y. Epub ahead of print. PMID: 35478046.



DM Black et al. N Engl J Med 2020;383:743-753.
LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG, Singer AJ, Siris ES. The clinician's guide to prevention and treatment of osteoporosis. Osteoporos Int. 2022 Apr 28. doi: 10.1007/s00198-021-05900-y. Epub ahead of print. PMID: 35478046.

• BP Absolute Risk: 3.2 – 50 cases/100,000 person-
years
• Risk doubles >3 years

• DMAb: 1/2,343 patients in FREEDOM Extension
• Romo: Rare



Overview

• Bisphosphonates

• Denosumab

• Romosozumab

• Parathyroid hormone analogs



PTH Analogs

• Teriparatide 
• Anabolic only

• SubQ (daily) x 2+ years

• Abaloparatide
• Anabolic only

• SubQ (daily) x 2 years





Dobnig H, Turner RT. The effects of programmed administration of human parathyroid hormone fragment (1-34) on bone histomorphometry and serum chemistry in rats. Endocrinology. 1997 Nov;138(11):4607-12. doi: 10.1210/endo.138.11.5505. PMID: 9348185.



JAMA. 2016;316(7):722-733. doi:10.1001/jama.2016.11136



Eriksen EF, Keaveny TM, Gallagher ER, Krege JH. Literature review: The effects of teriparatide therapy at the hip in patients with osteoporosis. Bone. 2014 Oct;67:246-56. doi: 10.1016/j.bone.2014.07.014. Epub 2014 Jul 15.



Safety

• Daily SubQ

• Hypercalcemia, urolithiasis, leg cramps

• Dizziness, palpitations

• Osteosarcoma (rats)







What are your goals?



Treat-to-Target

High Risk/No Prior 

Fractures

Alendronate, 

denosumab, risedronate, 

zolendronate

Alternatives: 

Ibandronate, raloxifene

Very High Risk/Prior 

Fractures

Abaloparatide, 

denosumab, 

romosozumab, 

teriparatide, zoledronate

Alternatives: 

Alendronate, risedronate

AACE Guideline

Camacho PM, Petak SM, Binkley N, Diab DL, Eldeiry LS, FarookiA, Harris ST, Hurley DL, Kelly J, Lewiecki EM, Pessah-Pollack R, McClung M, Wimalawansa SJ, Watts NB. AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS/AMERICAN COLLEGE OF 
ENDOCRINOLOGY CLINICAL PRACTICE GUIDELINES FOR THE DIAGNOSIS AND TREATMENT OF POSTMENOPAUSAL OSTEOPOROSIS-2020 UPDATE. Endocr Pract. 2020 May;26(Suppl 1):1-46. doi: 10.4158/GL-2020-0524SUPPL. PMID: 32427503.



Bisphosphonates & Drug Holidays 

• Only appropriate on bisphosphonates
• IV: Consider after 3 years
• Oral: Consider after 5 years

• If T-score is >-2.5; no prior or recent fracture 
• Holiday up to 5 years
• Reassess risk every 2-3 years

• If T-score is ≤-2.5 +/- recent fracture
• Consider alternative
• Oral: Continue up to 10 years
• IV: Continue up to 6 years
• Reassess risk every 2-3 years

LeBoff MS, Greenspan SL, Insogna KL, Lewiecki EM, Saag KG, Singer AJ, Siris ES. The clinician's guide to prevention and treatment of osteoporosis. Osteoporos Int. 2022 Apr 28. doi: 10.1007/s00198-021-05900-y. Epub ahead of print. PMID: 35478046.



Denosumab

Two Options: 

1. Denosumab indefinitely

2. Denosumab transition to bisphosphonate (or ? 
romosozumab and then bisphosphonate)
• Fractures may happen on PTH analog



Anabolics

Romosozumab x 1 year 

-or

Abaloparatide/teriparatide x 2 years

Follow with potent antiresorptive



“When possible, we suggest anabolic therapy first, followed by 

potent antiresorptive therapy. The common practice of switching to 

TPTD only after patients have an inadequate response to 

antiresorptives (intercurrent fracture or inadequate BMD effect) is not 

the optimal utilization of anabolic treatment.”



Monitoring Therapy

• Reassess risk every 2-3 years
• Medication review
• DXA
• Interval fractures?

• If treatment stopped: 
• BMD worsen
• Fracture risk increase
• Diagnosis never changes



Final Points

• Don’t forget to screen appropriate patients

• 3 ways to diagnose osteoporosis
• Fragility fractures, FRAX, or DXA

• Treat based on risk



Read This!



Thank you!

A. Lee Day, MD, FACP, CCD

lee.day@uscmed.sc.edu


