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INTRODUCTION: 
 Osteoporosis is associated with an increased risk of complications after surgical treatment of the spinal disorders. 
Patient-specific phantomless calibration of computed tomography (CT) scans have been proposed as an alternative 
technique to overcome the limitations of Dual-energy X-ray absorptiometry (DXA). This technique uses the patient’s own 
tissues as reference. 
The objective of this study is to establish a simple method of phantomless bone mineral density (BMD) measurement by 
using available preoperative lumbar CT scans, and compare the accuracy of different combinations of reference tissues to 
diagnose low BMD against uncalibrated Hounsfield units (HU). 
METHODS: 
This is a retrospective diagnostic accuracy study. Institutional database was reviewed between 2015-2023. Patients (1) 
≥18 years of age who were planned to undergo lumbar surgery, (2) with a preoperative lumbar CT scan, (2) and a DXA 
scan were included. Patients with (1) CT scans not dedicated to the lumbar spine, and (2) without hip or lumbar DXA 
scans were excluded. 
Four different tissues were selected for internal calibration: subcutaneous adipose (A), erector spinae muscle (ES), psoas 
muscle (P) and aortic blood (AB), as shown on Figure 1. HU values of the tissues were linearly regressed against the 
standardized ground truth values from the National Institute of Standards and Technology database, which were 50 
mg/cm3 for muscle, 60 mg/cm3 for blood and -50 mg/cm3 for adipose. The equations for each internal calibration tissue 
were: 
(1)  -50 mg / cm3 = a (HUfat) + b 
(2)  -50 mg / cm3 = a (HUmuscle) + b 
(3)  -60 mg / cm3 = a (HUblood) + b 
For simple in-office applicability, two equations are used for each calibration, and a 
(slope) and b (intercept) are found by solving two equations. Calibrations were performed by using A+ES, A+P and A+AB. 
ES+AB and P+AB were not performed because of the high inaccuracy. Then by using a last equation, volumetric BMD 
(vBMD) can be calculated: 
(4) BMD = a (HUtrabecularbone) + b 
vBMDs derived from internally calibrated CT scans were analyzed for correlations with DXA T-scores, and by using a 
Receiver Operating Characteristics (ROC) analysis new thresholds for detecting low bone mineral density were 
designated. Areas under the curve (AUC) were calculated with 95% confidence intervals (CI). 
RESULTS: 
45 patients were included (M/F =10/35) with a mean age of 63.3 and mean BMI of 31.4. Mean total hip T-score was -0.5 
(±1.2), worst hip T-score was -1.2 (±1.2), total lumbar T-score was -0.1 (±2.1) and worst lumbar T-score was −0.5 (±2). 
Mean overall vBMD by A+ES was 141.4 (±46.4), A+P was 131.3 (±52.3), and A+AB was 142.7 (±49.4). HU 
measurements and calibrated vBMDs were correlated against DXA T-scores as shown on Figure 2. Calibrated vBMDs 
achieved better correlation coefficients for almost every level when compared with uncalibrated HUs. 
Previously proposed vBMD thresholds for osteoporosis (<80 mg/cm3) and osteopenia (<120 mg/cm3) were shown to have 
low sensitivities with the current method. ROC analysis was performed on detection of low bone density (T Score<-1), and 
the resulting thresholds were 162 mg/cm3 (AUC=0.671, 95% CI=0.497-0.845) for A+ES, 115 mg/cm3 (AUC=0.795, 
95%CI=0.658-0.933) for A+P and 129 mg/cm3 (AUC=0.797, 95% CI=0.658-0.937) for A+AB. The sensitivity and 
specificities of the new thresholds for low bone density can be seen on Figure 3. Calibration with Adipose and ES Muscle 
has the highest sensitivity, and is therefore considered the best candidate for screening purposes. 
DISCUSSION AND CONCLUSION: 
The results of this retrospective study demonstrate that in-office simple internal calibration of lumbar CT scans can be 
used to calculate vBMDs, which are better correlated with standard DXA scan T-scores when compared with uncalibrated 
HU measurements. Previously recommended vBMD thresholds have low diagnostic performances in this setting, and we 
suggest using adipose and erector spinae muscle for calibration, and a threshold of 162 mg/cm3 for low bone density 
screening as it shows the highest sensitivity (>90%). With the proposed new thresholds, phantomless calibration of 
lumbar CT scans can provide an opportunity for screening in patients planned to undergo spinal surgery, allowing for the 
avoidance of logistical difficulties associated with conventional quantitative CTs and with higher correlations when 



compared with uncalibrated HU measurements. Expanding the clinical usefulness of this simple calibration method will 
require further studies.

 

 

 

 


