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Diagnostics:

The Osteopenia Fracture Conundrum



Risk of Fragility Fractures in Women According to Age

Age 35:  1 in 100

Age 55:  7 in 100

Age 75:  24 in 100



Rate and Number of Fractures in Women According to Bone Mineral Density
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Bone Mineral Density:  T Scores

450

400

350

300

250

200

150

100

50

0

N
o. W

om
en W

ith Fractures

50

45

40

35

30

25

20

15

10

5

0

Fr
ac

tu
re

 ra
te

 p
er

 1
00

0 
pe

rs
on

-y
ea

rs

Fracture rate

No. of women with fractures



Population Distribution 
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The ability of bone to resist fracture is the 
best indicator of bone quality

Potentially related to several bone properties: 

Mineralisation
Bone mineral density (BMD)
Bone turnover rate
Microarchitecture
Geometry

SOLOMON EPSTEIN, MD 
Mayo Clinic Proceedings 2005; 80 (3):379-388



Factors Contributing to Bone Health



BMD remains the standard for evaluating 
fracture risk and is easily measured in vivo 
(DEXA / REMS)

BMD is influenced by both bone mineral 
content and bone geometry (micro- and macro-
architecture) of the site measured

An approximately exponential relationship 
exists between bone density and some 
measures of bone strength

Modest increases in bone density are 
associated with disproportionately large 
increases in bone strength



High rate of bone turnover e.g. post menopause 
increases the number of resorption pits

Resorption pits act as focal areas of weakness 
and reduce bone strength increasing the risk of 
micro-fractures and macro-fractures

Excessive resorption can lead to complete 
trabecular perforation and permanent loss of 
connectivity 

With advancing age, there is a preferential loss of 
horizontal trabeculae (cross-ties)

Such architectural disruption substantially 
decreases the load needed before buckling 
occurs

Cross-tie

Resorption pit



Plain x-ray

MRI scanCT scan

Limited ability to understand 
internal bone architecture on 
standard imaging



Bone health assessment when T score is -1.0 to – 2.5
BMD + Trabecular Bone Score / Fragility Score = quality of bone or “toughness”

Light-weight carbon fibre lattice
Well-built and incredibly strong

Tacoma Narrows suspension bridge
Massive but structurally flawed and failed catastrophically



DEXA Output:
“The Gold Standard”

T-SCORE

Z-SCORE

BMD (g/cm²)

+/- FRAX

+/- TBS 



Low lumbar spine TBS is associated with a history of fracture and the incidence of new fractures 

The effect is largely independent of BMD

The TBS effect is independent of FRAX, with likely greatest utility for those individuals whose BMD levels lie 
close to an intervention threshold

The clinical and scientific evidence supporting the use of TBS, makes TBS an attractive and useful clinical tool for 
physicians to improve patient management in osteoporosis

Take home message: TBS i.e. bone quality should be an everyday part of bone health assessment and is likely 
to be very important for those women with T scores between -2.0 and -3.0 as it can guide management



699 post menopausal women had spine BMD and TBS measured by DEXA

253 had osteoporosis
446 not osteoporotic

62 sustained spine fragility fractures

BMD and TBS were almost equally good at predicting fragility fractures across the entire cohort

TBS but not BMD predicted fractures in the non-osteoporotic group

Take home message: DEXA derived BMD is only predictive of fractures if the T score is < -2.5
Otherwise the TBS is required to understand the propensity to fracture



REMS Output

BMI    T-SCORE    Z-SCORE   BMD (g/cm²)   FRAX®  (> 40 years) FRAGILITY SCORE 



REMS represents the first clinically available method for direct non-ionizing measurement of lumbar and femoral BMD

REMS-estimated BMD is an accurate diagnostic parameter, predicting incident clinical fracture risk in a representative 
sample of female subjects

REMS has shown a further potential in the assessment of skeletal fragility based on bone structure quality through the 
Fragility Score parameter, which is independent from the densitometric evaluation

Take home message: REMS is equivalent to DEXA for BMD and TBS assessment



T-Score Discordance

Concordance (/kənˈkɔːd(ə)ns/) 
Noun agreement or consistency.

"the concordance between the teams' research results"

Discordance (/dɪˈskɔːd(ə)ns)/ 
Noun lack of agreement or consistency.

"the discordance between sales and forecasts should be a focus"



Osteoporosis (WHO definition)

A systemic condition characterised by low bone mineral density (BMD) 
in the osteoporosis range measured by bone densitometry (T score < -
2.5)

In premenopausal women BMD at the hip and spine should be of the 
same order of magnitude

In postmenopausal women there can be more variation

There may be a specific reason for a large difference (e.g. paralysis)



Levels of Discordance
Hip Spine Level of 

Discordance

Normal Normal None

Normal Osteopenia Minor

Normal Osteoporosis Major

Osteopenia Normal Minor

Osteopenia Osteopenia None

Osteopenia Osteoporosis Minor

Osteoporosis Normal Major

Osteoporosis Osteopenia Minor

Osteoporosis Osteoporosis None

If T-scores at the hip and in the spine put a woman’s bone density into the same WHO diagnostic category, large 
differences between T-scores e.g. -2.5 at the hip and -4.7 in the spine need to be explained if there is no clear 
clinical reason why such a difference exists



DEXA Discordant Results



Minor discordance according to WHO diagnostic category but significant discordance according to T score difference



Causes of Discordance

Physiological The skeleton’s adaptive reaction to mechanical strain (not test related) 

Pathophysiological A disease state affecting the skeleton (not test related) 

Anatomical Differences between sites in content of cortical and trabecular bone and/or rate 
of bone loss (e.g. spinal degeneration)

Artefactual The presence of man-made items within the region of interest of the test 
(spinal implants)

Technical Faulty device hardware or software or the technologist’s method of acquiring or 
analysing the test (machine failure, post-processing errors)

Prevalence and type of errors in dual energy x-ray absorptiometry (DEXA)
European Radiology; May 2015, Volume 25, Issue 5, pp 1504–1511
Messina et al.
2476 patients having DEXA; More than 90 % of DXA presented at least one error, mainly of data analysis; International 
Society for Clinical Densitometry guidelines are very poorly followed



Rates of Discordance with DEXA
Author Year Patient numbers Minor Major

El Maghraoui 2007 3015 41.5% 4.3%

Woodson 2000 5627 44% 5%

Moayyeri 2006 4188 38.9% 2.7%

Mounach 2009 3479 42% 4%

Derakshan 2012 3039 40.0% 1.8%

Younes 2014 1780 45.7% 4.8%

Ayaz 2017 944 42.4% 2.5%

Mean 42.1% 3.6% 



Rates of Discordance with REMS
OsteoscanUK 2018 – 2021 data

Female Male All

Patients 523 86 609

Total Minor Discordance 
(WHO diagnostic category)

64 
(12.1%)

2 
(2.3%)

66 
(10.8%)

Total Major Discordance 
(WHO diagnostic category) 0 0 0

Femur Osteopenia / Spine OP 18 
(3.4%) 0 18

(3.0%)

Femur OP / Spine Osteopenia 19
(3.6%) 0 19

(3.1%)

Femur normal / Spine Osteopenia 19
(3.6%) 0 19

(3.1%)

Femur Osteopenia / Spine Normal 8
(1.5%)

2 
(2.3%)

10
(1.6%)

DEXA REMS

Major 3.6% 0%

Minor 42.1% 10.8%

Total 45.7% 10.8%



Recommendation

If a woman has a DEXA scan showing a major discordance, or a T-score 
discrepancy between hip and spine of more than 1.5 and she has no 
obvious reasons for such a result, she should query the DEXA result

If a reasonable answer is not forthcoming, asking for a second opinion 
with a bone density scan performed either on a different DEXA 
machine or with alternative technology e.g. REMS, is entirely 
reasonable and appropriate



Therapeutics:

Reversing Bone Loss, 
Curing Osteoporosis



Antiresorptive agents:

Bisphosphonates (Alendronate, Zoledronate, Pamidronate, Ibandronate)
RANK Ligand antibody (Denosumab)
Strontium Ranelate
Calcitonin
Oestrogen
Raloxifene (post-menopausal oestrogen mimic)

Anabolic agents:

Parathyroid hormone analogues (Teriparatide, Abaloparatide)
Sclerostin inhibitors (Romosozumab)

Therapeutic Options for Treating Osteoporosis 



Antiresorptive therapy reduces bone turnover rate and ratio of resorption to 
formation, leading to: 

Increased BMD and mean mineralization density

Preserved microarchitecture (connectivity, trabecular number and thickness, 
cortical porosity) at best but antiresorptive agents do not restore microstructural 
deterioration existing at the time of starting treatment 

These effects lead to increased bone strength and quality compared to age matched 
controls not on treatment and as a result decreased fracture risk 

But….unknown or uncertain roles of antiresorptive therapy on microcracks and 
overall bone geometry 



Sclerostin: a protein produced almost 
exclusively from osteocytes inhibiting bone 
formation by both osteoblasts and 
osteocytes

Romosozumab, a monoclonal antibody that 
binds sclerostin, increases bone formation 
and decreases bone resorption

One year of romosozumab treatment in 
postmenopausal women with osteoporosis 
resulted in a lower risk of vertebral and 
clinical fractures than the risk with placebo

Substantial gains in bone mineral density at 
the spine and hip with romosozumab
provided a foundation for an ongoing 
reduction in the risk of fracture during 
sequential treatment with denosumab.

Sclerostin

Romosozumab Treatment in Postmenopausal Women with 
Osteoporosis
Cosman et al. N Engl J Med 2016;375:1532-43.





62-year-old post-
menopausal woman
BMI 19 kg/m2

No additional clinical 
risk factors
Osteoporosis hip 
and spine

T score after 
treatment

Rx Hip Spine

ALN -3.2 -2.6

ZOL -3.2 -2.6

DMab -3.2 -2.6

TPTD -3.2 -2.5

Dmab
+ 

TPTD
-3.1 -2.4

Romo 
+ ALN

-3.1 -2.4

Romo 
+ 

DMab
-3.0 -2.3



Dietetics: 

Meat-free diet and Bone Health



Sunlight creates inactive 
Vit D through tanning

Diet especially 
oily fish Supplements

Vitamin D activated in the liver

High Content 
Calcium Foods 
(and supplements)

Dairy products

Salmon
Whole grain
Soy products
Dried figs
Sesame seeds
Nuts
Pitta
Celery
Spinach
Greens
Broccoli

Supplements



Calcium and Vitamin D calculator
Breakfast:
Yoghurt
Fruit / muesli
250 mg Ca2+

< 1 µg D3

Lunch:
Sardines in pitta
300 mg Ca2+

2 µg D3

Dinner:
Spaghetti 
bolognaise with 
parmesan cheese 
broccoli
400 mg Ca2+

< 1 µg D3

= 950 mg Ca2+

< 4 µg D3 (160 i.u.)



Flexitarian Diet

Total energy 
intake 
1630 cal

Total Ca2+

800 mg

Total Vit D
< 2 µg (80 i.u)

Fruit and veg 240 cal

Animal sourced protein 80 cal

Carbohydrate (whole grains / roots) 490 cal

Seeds / Nuts / Legumes
200 cal

Dairy 
200 cal

Sugar / Fat 200 cal

Plant protein
220 cal



Vegetarian Food Pyramid



Vegan Food Chart



Mediterranean Diet Pyramid



Veganism, vegetarianism, bone mineral density, and fracture risk: a systematic 
review and meta-analysis

Isabel Iguacel et al. Nutrition Reviews 2018; Vol. 77(1):1–18

Vegetarian and vegan diets should be planned to avoid negative consequences on bone health

Differences in Bone Mineral Density between Adult Vegetarians and Non-vegetarians 
Become Marginal when Accounting for Differences in Anthropometric Factors

Nena Karavasiloglou et al. J Nutr 2020;00:1–6.

Lower BMD among adult vegetarians is in larger parts explained by lower BMI and waist circumference

Vegetarian and vegan diets and risks of total and site-specific fractures: results from 
the prospective EPIC-Oxford study

Tammy Y. N. Tong et al. BMC Medicine (2020) 18:353

Non-meat eaters, especially vegans, had higher risks of either all and some site-specific fractures, particularly hip 
fractures



Prospective study of dietary Non-Enzymatic Antioxidant Capacity on the risk of hip fracture in the elderly

Essi Hantikainen et al. Bone 90 (2016) 31–36



Take Home Messages
Diet is vital to bone health

Omnivores should consider moderation of animal protein intake and 
increase of plant-based foods to reduce secondary health risks

Vegetarians and vegans should analyse their dietary intake to ensure 
they have sufficient energy and nutrient intake to reach RDA

Everyone should engage in at least 30 min impact exercise daily to 
maintain bone density and toughness   





Exercise: 

Vibration Therapy and Bone Health



Year First author Study 
type: Particpants

Number of 
participants / 

Arms

WBV schedule:
Force

Frequency
Program

Study 
length Change in bone health

2004 Rubin RCT Postmenopausal 
women

70 / 2
WBV + Controls

0.2g / 30 Hz / 20 min 
daily 12 months

Relative improvement of hip 
BMD if highly compliant with 

treatment
Relative Improvement of spine 

BMD especially in < 65 kg 
women

2004 Verscheueren RCT Postmenopausal 
women

70 / 3
WBV + Exercise + 

Controls

2.3 g – 5.1 g / 35-40 Hz / 
30 minutes x 3 / week 6 months

Hip BMD increased in WBV 
group; reduced in exercise and 

controls

2011 Slatkovska RCT Postmenopausal 
women

202 / 2
WBV + Controls 
(Ca/Vit D supp)

0.3g / 30 Hz & 90 Hz / 
20 minutes / day 12 months No benefit No benefit

2011 Wysocki Narrative 
review

Postmenopausal 
women

Number of 
studies Range of protocols Variety

Concludes WBV has not been 
shown to provide benefit or 

reduce fracture risk

2011 Lau

Systematic 
review 

and meta-
analysis

Postmenopausal 
women

Number of 
studies Range of protocols Variety Concludes WBV not shown to 

improve BMD in older women





Year First author Study 
type: Particpants

Number of 
participants / 

Arms

WBV schedule:
Force

Frequency
Program

Study length Change in bone health

2013 Stolzenberg RCT Postmenopausal 
women

28 / 2
WBV v Exercise

3.9 g – 10.9 g / 
22 – 26 Hz/  
4 minutes 
x 2 / week

9 months

Statistically significant 
improvement in trabecular and 
total bone density in the lower 

tibia and forearm in both groups

2013 Lai RCT Postmenopausal 
women

28 / 2
WBV v Controls

3.2g / 30 Hz / 5 minutes x 
3 / week 6 months

The relative treatment benefit 
(increased spinal BMD) was 

2.078% in favour of WBV 
(p=0.016)

2014 Leung RCT Postmenopausal 
women

710 / 2
WBV v Controls

0.3g / 35 Hz / 
20 minutes x 5 / week 18 months

WBV yielded beneficial effects on 
fall and fracture rates with a trend 

towards improvement in  the 
spinal BMD

2014 Zaki RCT Postmenopausal 
women

80 /2
WBV v Exercise 

2.5 g / 16 Hz/ 
20 minutes x 3 / week 8 months

WBV and resistance training 
associated with higher BMD and 

lower BMI in obese 
postmenopausal women 

2015 Liphardt RCT Women with 
osteopenia

42 / 2
WBV v Controls

6.0 g / 20 Hz / 10 
minutes x 11 sessions / 

month

12 months
No difference BMD or bone 
architecture tibia between 
groups; no difference BMD 

spine and hip

2016 Oliveira

Systematic 
review and 

meta-
analysis

This systematic review and meta-analysis of randomized controlled trials (RCTs) identified significant effects of WBV 
on BMD of the lumbar spine, femoral neck, and trochanter in postmenopausal women





Up to 2011 limited evidence that WBV had a positive effect on BMD with equal number 
of studies suggesting no effect

From 2011 to 2016 increasing evidence for positive effect of WBV at least on spine BMD 
and also falls prevention with a lesser effect on femoral BMD

Higher magnitude WBV at high frequency appears better than low magnitude high 
frequency WBV

The “dose” of WBV appears to have an effect on outcomes

No studies have reported adverse effects of WBV

Summary of the Evidence
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