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Outline

• BMD in the assessment of fracture risk

• BMD in treatment monitoring of osteoporosis

• FRAX – fracture risk assessment

• Bone turnover markers

• Osteoporosis – follow up of therapeutic response



Osteoporosis - Definition

Osteoporosis is a systemic skeletal disease characterized by a low 
bone mass and/or microarchitectural deterioration of bone tissue 
leading to increased bone fragility and increased fracture risk.

Prevention and Management of Osteoporosis: report of a WHO scientific group. 
http://whqlibdoc.who.int/trs/ WHO_TRS_921.pdf December 2, 2008.

http://whqlibdoc.who.int/trs/


DXA

• “Gold-standard” for BMD measurement

• Measures “central” or “axial” skeletal sites: 
spine and hip

• May measure other sites: total body and forearm

• Extensive epidemiologic data

• Correlation with bone strength in-vitro

• Validated in many clinical trials 

• Widely available (42 DXA machines in Israel)



DXA: 
Dual-energy 

X-ray 
Absorptiometry



DXA Best Practices
Scan Acquisition and Analysis
1.1. At least one practicing DXA technologist, and preferably all, has a valid 

certification in bone densitometry.

1.2. Each DXA technologist has access to the manufacturer’s manual of technical 
standards and applies these standards for BMD measurement.

1.3. Each DXA facility has detailed standard operating procedures for DXA 
performance that are updated when appropriate and available for review by all 
key personnel.

1.4. The DXA facility must comply with all applicable radiation safety requirements.

1.5. Spine phantom BMD measurement is performed at least once weekly to 
document stability of DXA performance over time. BMD values must be 
maintained within a tolerance of ±1.5%, with a defined ongoing monitoring plan 
that defines a correction approach when the tolerance has been exceeded.

1.6. Each DXA technologist has performed in vivo precision assessment according 
to standard methods and the facility LSC has been calculated.

1.7. The LSC for each DXA technologist should not exceed 5.3% for the lumbar 
spine, 5.0% for the total proximal femur, and 6.9% for the femoral neck.

Lewiecki et al , Journal of Clinical Densitometry. 19, 2, 127–140, 2016



DXA Best Practices

Interpretation and Reporting

2.1. At least 1 practicing DXA interpreter, and preferably all, has a valid 
certification in bone densitometry.

2.2. The DXA manufacturer and model are noted on the report.

2.3. The DXA report includes a statement regarding scan factors that 
may adversely affect acquisition/analysis quality and 
artifacts/confounders, if present.

2.4. The DXA report identifies the skeletal site, region of interest, and 
body side for each technically valid BMD measurement.

2.5. There is a single diagnosis reported for each patient, not a 
different diagnosis for each skeletal site measured.

2.6. A fracture risk assessment tool is used appropriately.

2.7. When reporting differences in BMD with serial 
measurements, only those changes that meet or exceed the 
LEAST SIGNIFICANT CHANGE  are reported as a change.

Lewiecki et al , Journal of Clinical Densitometry. 19, 2, 127–140, 2016



Applications & Limitations Of The WHO 
Definitions

• Inappropriately used to equate the three 
diagnostic categories to a qualitative 
assessment of risk (low, medium, high)

• Relative risk=OR T-score

 Fails to account for differences in risk with age

 Overestimates true fracture risk in younger 
individuals 

 Underestimates the risk in the elderly

 Not applicable in premenopausal women and in 
men <50 y



Estimated Age-Standardized Distribution of Incident Low-
Trauma Fractures by Risk Category (BMD and prior fracture) 

for men and women 50–90 yr of age.

Osteoporosis - 21% of # in men and 39% in women; 
Osteopenia  - 54% of # in men and 51% in women 

L. Langsetmo et  al, JBMR 2009

7448 partic
Age 50-90.



Incidence of First and Repeat Low-Trauma 
Fracture in Men and Women by Age Group

•  in osteoporotic fractures - 60–70% per decade and similar for first and repeat 
fractures

• the incidence of repeat fractures was at least double the incidence of first 
fractures.

. 
L. Langsetmo et  al, JBMR 2009



The Vertebral Fracture Risk Cascade

1. Siris ES, et al. Osteoporos Int 2007;18(6):761‒70.

5-fold
Increase*

8-fold
Increase*

First fracture

Second fracture

Third fracture

Fourth fracture

3-fold
Increase*

*increased risk from previous fracture



FRAX WHO Fracture Risk Assessment Tool



FRAX WHO Fracture Risk Assessment Tool



FRAX WHO Fracture Risk Assessment Tool



BMD FN T score (-2) + Clinical Risk Factors



Spine–Hip Discordance and Fracture Risk Assessment:
a Physician-friendly FRAX Enhancement

Increase/decrease FRAX estimate for a major fracture by one tenth
for each rounded T-score difference between LS and FN

Predicted major 

osteoporotic 

fracture probability  

for FRAX (without  

and with the 

proposed lumbar 

spine offset) versus 

observed fracture 

outcome

Leslie et al. Osteoporosis Int. 2011, 22: 839-847



Treatment   Monitoring

8 out of 10 women do not receive treatment 
during the first year after fracture

Brown SA, Rosen CJ. Med Clin North Am 2003;87;1039-1063

1
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Antiresorptives

• antiresorptive drugs (estrogen, SERMS, bisphosphonates, 
denosumab)  both the rates of bone resorption (in 
weeks) and formation (in months)

• BMD is  by 2 - 6 % for the first 2-3 years then plateaus; 
this  the risk of fracture by 20 - 70% in various skeletal 
sites

Anabolic Treatment – Teriparatide (Forteo)

BMD is  by 9 % for the first 2 years in treatment naïve 
patients and 70%  in spinal fracture risk



What are the Aims of  the Serial  Measurements? 

• Assess therapeutic effect?

• Detect “treatment failure”?

• Detect previously unsuspected secondary causes of 
bone loss?

• Assess adherence and compliance?

• Improve patient’s motivation  and adherence?



Current Recommendations for Monitoring of 
Osteoporosis Treatment  



Therapeutic Effect and BMD

• BMD change explains 4 – 24% of the therapeutic effect  

(SERM and Bisphosphonates) 

• 45% for Denosumab (Prolia)

• Least significant change in BMD: operator, machine,  patient, 

 L1-L4  - 5%

 FN- 7- 9 %



Biochemical Markers of Bone Turnover

• Biochemical markers of bone turnover have been developed 
to provide a non-invasive assessment of skeletal pathology 
and are divided into markers of bone formation or resorption 

• Although changes in BTM levels reflect changes in bone 
metabolism, not all such changes are bone-specific

• The bone matrix accounts for around 35% of the dry weight of 
bone and approximately 90% of the organic matrix (osteoid) is 
type I collagen 

• Many of the biochemical markers of bone turnover are 
related to the synthesis or degradation of type I collagen

• Other BTMs, include enzymes found in bone cells and 
constituents of the bone matrix that are released into the 
circulation during bone turnover. 



P1NPBone Formation Marker-

Procollagen with additional peptides 
attached on the N-terminus and the 
C-terminus. 

• Type I collagen is produced 
in tissues other than bone, 
such as skin and tendons; 

• PICP and PINP are not 
specific to bone formation. 
Nevertheless, circulating 
levels of these markers are 
mainly derived from bone. 

The IOF has selected PINP as the reference marker for bone 
formation due to its robust nature and dynamic response to 
treatment.



Bone Resorption Marker  - CTX

• Cross-links are formed 
between the N-terminus of 
one collagen fibril and the 
C-terminus of another in an 
adjacent row near the gaps. 
These cross-links are similar 
to the peptide bond, and 
strengthen the array of 
collagen fibrils producing 
bone collagen

• The gaps between the 
collagen fibrils - the location 
of mineral crystals 
(hydroxyapatite) found in 
bone



Order of Magnitude of Percent Change from Baseline in sCTX and 
P1NP Steady State Response to Antiresorptive Treatments at Licensed 

Dose in Postmenopausal  Osteoporosis

3-4 months 6-12 months

1 month 3 months

The change in bone turnover marker concentration in response to these therapies 
explains 30–70% of the fracture risk reduction. (BMD – 4-24%) For example, bone 
ALP level is related to fracture risk reduction with alendronate treatment, urinary 

CTX-I with risedronate and PINP with zoledronic acid



Expected Values



Interpretation of Results

It is important to be familiar with confounding 
factors when interpreting BTM assay results:

• pre-analytical conditions (relating to patient 

characteristics) 

• assay reliability and analyst expertise (relating to the 

assay) 

• biological variability

• For most BTMs a morning fasting sample is  

recommended



Fracture Risk  Asessment

EPIDOS study, in 7,598 healthy women aged >75 years recruitment 1992-
1994, follow-up up to 7 years

• CTX and free D-Pyr excretion > the upper limit of the premenopausal 
range was associated with an  hip fracture risk with an odds ratio (95% 
confidence interval) of 2.2 (1.3-3.6) and 1.9 (1.1-3.2), respectively, while 
markers of formation were not

• bone resorption predicted hip fracture independently of bone mass, 
i.e., after adjustment for femoral neck bone mineral density (BMD) and 
independently of mobility status assessed by the gait speed

• Women with both a femoral BMD value of  < -2.5 SD and either high CTX 
or high free D-Pyr levels were at greater risk of hip fracture, with an odds 
ratio of 4.8 and 4.1



Biological Variability

• Circulating levels of BTMs exhibit a circadian rhythm, which is 

usually more pronounced for markers of bone resorption than 

those of bone formation

• Values for most BTMs are  in the early hours of the morning and 

 during late afternoon. Circadian variation of serum CTX-I levels 

was determined in 100 women over 27 h—levels peaked at 0500 h 

with the nadir at 1400 h.

• Neither treatment for osteoporosis nor bed rest had any effect on 

the rhythm observed, which was similar for both premenopausal 

and postmenopausal women

• The degree of variability was markedly reduced when the women 

were fasting

• Following a meal CTX-I  20% after breakfast

• BTM levels rise and remain elevated for one year after fracture



Conclusions

• Assessment of fracture risk should combine clinical factors with 
BMD measurement

• Repeated  BMD measurements have limited utility in the followup
of an individual patient 

• Automated analysis has enabled the measurement of BTMs to 
become widely accessible, and the emergent data are contributing 
to improved understanding and management of osteoporosis. 

• Bone markers are useful to detect secondary causes of osteoporosis 
by identifying patients with high bone turnover before treatment. 

• Bone markers respond rapidly to both antiresorptive and anabolic 
treatments for osteoporosis.

• Bone markers have proven to be useful in monitoring

treatment and deserve to be more widely used for this

purpose


