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Incidence of osteoporosis

l Osteoporosis is prevalent and treatable and conveys a 
lifetime risk of fracture (Pickhardt et al.  2103)

l Osteoporosis remains largely undiagnosed.
l Less than half of women presenting with osteoporotic 

fragility fractures have been diagnosed with osteoporosis.
l Bone mineral density (BMD) is the single most important 

parameter accounting for about 70% of bone strength.
l DXA and CT densitometry remain accepted standards for 

diagnosis.



75 year old with back pain after lifting her suitcase

Acute or subacute fragility fractures are associated with marrow edema
And can be difficult to identify with adjacent disc degeneration
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Osteoporosis increases the risk of 
complications in patients undergoing lumbar 

spine fusion surgery

lSupra-adjacent fracture and junctional 
kyphosis

lScrew pull out or loosening
lGraft or implant subsidence
lNonunion or pseudarthrosis



Superior Junctional Kyphosis



Effect of osteoporosis on adjacent segment 
Fracture

Meredith DS et al. Spine 2013
l Retrospective case control
l 20 patients with adjacent segment fractures matched with 

controls
l Fracture group had more sagittal imbalance – 10.7cm vs. 

9.1 cm
l Fracture group had significantly lower global bone density 

– 139.9 vs 170.1, p = 0.032



Osteoporosis and Screw Pull Out/ loosening

Bredow J et al.  Arch Orthop Trauma Surg 2016
l Retrospective study
l 45/365 patients with screw loosening at a mean f/u time of 

50.8 months
l Mean bone density on preoperative CT was 116.3 

(SD53.5) with screw loosening and 132.7 (SD41.3) in 
cases without screw loosening, p = 0.003.



Osteoporosis and cage subsidence

Mi J, et al.  Clin Spine Surg, 2017.
l Retrospective cohort study
l 18 patients with cage subsidence following L4-5 TLIF with 

unilateral fixation were matched with cases without 
subsidence.

l Mean global bone density on preoperative CT was 112.4 
± 10.47 with cage subsidence versus 140.2 ± 10.17 in 
cases without screw loosening, p = 0.0015.



Osteoporosis and nonunion

Schreiber JJ, et al.  HSSJ 2014.
l Retrospective cohort study
l 28 patients with a combined 52 levels of stand alone LIF 

evaluated a minimum of 12 weeks postoperatively.
l 27% nonunited at the time of evaluation
l Mean global bone density on preoperative CT was 107.3 

with nonunion versus 133.7 in cases with successful 
fusion constructs, p = 0.05.



Why can’t we just use the HU on a routine CT scan of the 
lumbar spine to estimate bone density? 

l The HU for trabecular inserts of ESP 139 varies significantly with 
scanner make:
l 50.5 mg/cm3 insert: 43 – 77 HU
l100.6 mg/cm3 insert: 106 – 150 HU
l199.2 mg/cm3 insert: 214 – 282 HU

(2015 ISCD Official Positions – Part III.   J Clin Dens)
l With respect to the use of direct HU for opportunistic osteoporosis 

screening, there is a lack of exchangeability among different 
machines that limits its broad applicability.  (Gausden et al.  J 
Bone Joint Surg Am 2017)



HU on CT also varies with:

l kVp (Cropp et al. 2013)
l The use of contrast
l The levels assessed
l Whether measurements are made on axial versus sagittal

images 
l Patient size (abdominal circumference)



CT measures of bone density are specific to 
each machine and to CT technique

l Calibration with phantoms scanned simultaneously with 
the patient (QCT)

l Asynchronous calibration using historical QCT controls
l Asynchronous calibration using specific phantoms
l Significant drift can occur in some scanners over one year 

(Engelke K et al. 2015), therefore machines need to be 
recalibrated on a regular basis if using asynchronous 
techniques.



Bone Densitometry

CT densitometry of the spine is 
more predictive of subsequent 
incident fracture than is DXA as it 
avoids summation of osteophyte, 
discogenic sclerosis and 
atherosclerotic calcifications. 
Löffler et al. European Radiology 
2018.



A – Ave 471 HU, 200 mf/cc 
B – Ave 186 HU, 100 mg/cc
C – Ave  22 HU, 0 mg/cc 
K2HPO4

Average bone density as measured at the L1 and L2 levels of the lumbar spine is 73.1 mg/cc.
This corresponds with a T score of -3.66 and a Z score of 0.03.



Converted Lumbar BMD Values Derived from Sagittal Reformations 
of Contrast-Enhanced MDCT Predict Incidental Osteoporotic 

vertebral fractures.  Baum T et al.  2012

l Using 15 postmenopausal women who had undergone both 
lumbar QCT and routine contrast enhanced abdominal MDCT, 
the authors developed the conversion equation –
l BMDQCT = 0.695 x BMDMDCT – 7.9 mg/mL.

l 149 postmenopausal women followed for 20+ months.
l 15 (10.1%) had an existing osteoporotic fracture at baseline.
l 13 (8.7%) developed an incidental fracture.
l Patients with existing and incidental fractures had lower bone 

density compared to patients without fractures: 73.9, 76.6 and 
103.7 mg/mL respectively, p < 0.05.



Bone Mineral Density Values Derived from Lumbar Spine MDCT 
Predicts Osteoporotic Vertebral Fractures and Screw Loosening.

Schwaiger AS et al. AJNR 2014. 

• 38 patients who had undergone lumbar MDCT (120 kVp)/CT 
myelography (140 kVp) and qCT within 90 days were studied.

• Vertebral bone densities (HU) obtained on routine lumbar spine 
MDCT correlated with those made on quantitative CT.  

• MDCT to qCT conversion equations were calculated:
• 120 kVp equation: Bone Mineral Density mg/cm3 = 0.78 x HU
• 140 kVp equation: Bone Mineral Density mg/ cm3= 0.86 x HU

• The conversion equations were subsequently used to prospectively 
assess the bone density on routine lumbar spine MDCT of 62 
consecutive patients followed for a mean of 15 +/- 6 months. 



Incidental bone density.  Schwaiger AS et al. 
AJNR 2014.

Bone density measurements made of 
a 15 mm sagittal reconstruction. 



Incidental bone density.  Schwaiger AS et al. AJNR 2014. 

• 7 patients (11.3%) with osteopenic fractures at baseline had 
significantly lower BMDMDCT than patients without fractures (57.2 ±
11.2 versus 94.9 ± 29.5 mg/ml).   

• Optimal cut-off 68.9.
• 8 patients (12.9%) who developed incidental fractures during 

follow-up showed significantly lower baseline BMDMDCT than those 
who did not (52.4 ± 10.5 versus 95.4 ± 28.4 mg/mL; P<.001). 

• Optimal cut-off value 66.8 mg/.



Incidental bone density.  Schwaiger AS et al. AJNR 2014

• 28 of 49 patients (57.1%) who underwent spine fusion surgery 
were found to have signs of screw loosening on follow-up. 

• Patients with screw loosening showed significantly lower bone 
density than did patients without screw loosening (77.3 ± 22.3 
versus 110.1 ± 30.7 mg/mL; p<.001).  

• The optimal cutoff was calculated as 92 mg/mL.



Incidental BMD using 
asynchronous phantom 

calibration

l Assumes a high degree of scanner stability to avoid large 
precision errors.  

l Brown JK et al. showed that asynchronously calibrated BMD 
provided results comparable to established QCT. 

l Phantom induced bias 2.3 mg/cm3
l Asynchronous calibration introduced bias of 3.7mg/cm3.
l Asynchronous calibration has good accuracy and precision for 

assessing trabecular BMD in the spine (Wang L et al. 2017)



Opportunistic BMD better prediction of incident 
vertebral fxs than DXA (Löffler MT et al. 2019)

l 84 patients ≥ 50 yrs with routine CT L spine and DXA followed 
for 12 months

l BMDQCT obtained using asynchronous phantom technique.
l 16 patients with incident vertebral fxs had lower BMDQCT than 

did patients w/o fractures (56.7 ± 31.6 mg/cm3 versus 93.3 
± 41.7 mg/cm3, p<0.001).

l Hazard ratio increase per SD in BMDQCT (4.07)
l The predictability of incident vertebral fractures by BMDQCT

was good and was non-significant by T-scores using DXA.



Future advances in the detection of 
incidental osteoporosis

l Bone texture analysis
l Three point finite element analysis



Opportunistic bone density: Recommendations
• Evaluate bone mineral density (BMD) values (mg/mL) derived from routine 

lumbar spine multidetector CT (MDCT) using the scanner specific CT-to-BMD 
conversion equations or asynchronous phantom calibration prior to lumbar 
spine fusion surgery. 

• High likelihood of osteoporosis with density measurement values of < 80 mg/mL 
(< 110 HU) and an increased risk of osteopenia with density measurement 
values of < 120 mg/mL (<135 HU).

• Increased risk for osteoporosis or osteopenia in patients with compression 
fractures noted on the preoperative CT of the lumbar spine

• Address the increased risk of incident or supra-adjacent fracture, screw 
loosening and pseudoarthrosis in osteoporotic patients undergoing spine 
surgery. 



Thank You!!


