
Giuseppe Guglielmi 
Professor of Radiology 

Department of Clinical and Experimental Research 
University of Foggia 



Introduction 
 

   Vertebral fractures are the hallmark of osteoporosis.  
   Vertebral fractures are the most common of all osteoporotic 

fractures, occurring in 15% of women 50 to 59 years old and in 50% 
of women 85 years or older.  

   The majority of osteoporotic vertebral fractures are mild vertebral 
deformities, with a reduction in height of not more than 20% to 25%, 
and they are asymptomatic and occur in absence of specific trauma.  

 



Introduction 

The following imaging techniques are utilized in 
the evaluation of vertebral fractures:  

 
- Radiography 
- Computed tomography (CT)  
- Magnetic resonance imaging (MRI)  



Introduction 
   Multiple vertebral fractures are associated 

with an increased mortality rate and 
impaired quality of life.  

 
    For these reasons the prevention and the 

correct diagnosis of incident vertebral 
fractures in patients with mild and 
asymptomatic vertebral fractures has been 
considered the end point in clinical 
osteoporosis therapy trials.  

 



Huge Impact on Patient Management 
 

   An X-ray confirming evidence of a fracture will alter 
treatment decision – offers therapy to those who need 
it most but would otherwise not receive it. 

 

   An X-ray confirming lack of fracture may avoid 
unnecessary long-term treatment with drugs with 
significant side effects. 

 

   About 13% of patients misclassified based on DXA 
BMD alone (Jager 2011) 



Spinal Radiographs  

• Are used to detect vertebral deformities  
 

• Play a key role in establishing the efficacy of 
drugs in osteoporosis treatment and prevention 
trials 
 

• Have to be interpreted with expert knowledge of 
anatomy and pathology 

 
 



Radiographic features 
   Conventional radiology is useful to grossly 

quantify bone density and microstructural 
changes. However, approximately 20-40% of 
bone mass has to be lost for a bone to appear 
osteopenic, which means that diagnosis from 
radiographs is always going to be late.  

 
   Technical factors can affect                                     

the appearance of bone.  
 
    Inter-observer agreement not good. 



Diagnosis of Vertebral Fracture 

Clinical diagnosis misses    67% - 75% 
of vertebral fractures 

 
Radiologic diagnosis misses          27% - 85% 

of vertebral fractures 
 
Sensitivity of axial CT images to detect  
vertebral fracture = 0.35  
--Importance of sagittal reformats-- 
 Williams AL et al. Underreporting of osteoporotic vertebral fractures on 
computed tomography. Eur J Radiol. 2009 Jan;69(1):179-83.  



Radiologic Diagnosis 

Based on  
 qualitative  
  impression 



   Loss of anterior, middle, or posterior height 
that exceeds 20% is a fracture 



Borderline Vertebral Fractures 
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VERTEBRAL FRACTURE  
OR VERTEBRAL DEFORMITY? 

 
                

    The diagnosis of vertebral fractures is usually based on the presence of a 
deformation of vertebral body on lateral spinal radiographs, but a vertebral 
deformity is not always a vertebral fracture.  

 



How to define a vertebral fracture? 
 

    There is no consensus on the exact definition of a VF. Therefore, it may 
sometimes be difficult, especially in mild cases, to discriminate the prevalent VF 
from a non-fracture deformity or non-osteoporotic short vertebral height. A 
combined standardized approach based on qualitative and semiquantitative (SQ) 
vertebral assessment may be the most option to correctly identify a VD as a VF. 
However this visual approach for VF identification is subjective, therefore it is 
mandatory an adequate training and experience of radiologist to reach a good 
sensitivity and specificity.  

  



 
The expert reader classifies the vertebrae into 1 of 3 outcomes: 
(1) normal 
(2) osteoporotic fracture 
(3) non-osteoporotic short vertebral height (SVH), which include normal variation 

in height, developmental abnormalities (eg, ‘‘balloon disc’’ or ‘‘steplike’’ end-
plates), degenerative change (narrowed disc spaces, sclerotic endplates, 
osteophytes), Scheuermann disease, large Schmorl nodes, scoliosis, or kyphosis. 

VERTEBRAL FRACTURE OR VERTEBRAL 
DEFORMITY? 



Acquired Deformities – Scheurmann’s      
 



Vertebral morphometry, objective and reproducible method, could be used only to 
evaluate the severity of VFs but requires the availability of reference values of 
vertebral height ratios.  

There is actually an evidentiary basis for suggesting that a qualitative approach by 
expert radiologists to morphological vertebral assessment, combined SQ and 
morphometric methods seem to be the preferred option for the correct diagnosis 
of VF as endplate or/and cortex fracture (ECF) or severe vertebral height loss. 

How to define a vertebral fracture? 
 

          



VERTEBRAL FRACTURE OR 
VERTEBRAL DEFORMITY? 

Visual Semiquantitative Method 
 
    The semiquantitative (SQ) method previously described by Genant 

and colleagues is based on evaluation of conventional radiographs 
by radiologists or experienced clinicians to identify and then classify 
vertebral fractures.  



Normal  

(Grade 0) 

Wedge fracture Biconcave fracture Crush fracture 

Mild fracture 

(Grade 1, ~20-25%) 

Moderate fracture 

(Grade 2, ~25-40%) 

Severe fracture 

 (Grade 3, ~40%) 

Semiquantitative visual grading of 
vertebral fractures 

Genant & Wu, Osteoporos Int (1993) 



VERTEBRAL FRACTURE OR 
VERTEBRAL DEFORMITY? 

Visual Semiquantitative Method 
 
    Vertebrae T4 to L4 are graded by visual inspection and without 

direct vertebral measurement as normal (grade 0), mild but 
‘‘definite’’ fracture (grade 1 with approximately 20%–25% 
reduction in anterior, middle, and/or posterior height and 10%–20% 
reduction in area), moderate fracture (grade 2 with approximately 
25%–40% reduction in any height and 20%–40% reduction in area), 
and severe fracture (grade 3 with approximately 40% or grater 
reduction in any height and area).  

 

 



    Vertebral wedge deformities on VFA images: 
     (A) Mild wedge deformities at vertebrae T6 

through T11 with undulated endplates, 
multiple Schmorl’s nodes and disc space 
narrowing: Scheuermann’s disease;  

     (B) moderate wedge deformity at vertebra 
T11 with endplate integrity: wedging in 
osteoarthritis;  

     (C) severe wedge deformity at vertebra T5; 
mild wedge deformity at vertebrae T11 and 
L2 with endplate and cortex fracture 



VERTEBRAL FRACTURE OR 
VERTEBRAL DEFORMITY? 

Visual Semiquantitative Method 
 
   Although the SQ method is simple and accessible to all physicians, it 

depends on the experience of the observer and it has a learning 
curve. If used by trained and experienced observers, the SQ method 
is considered a gold standard for the assessment of vertebral 
fractures, and therefore it is currently most widely used in 
multicenter clinical trials.  

 

 



Algorithm-Based Qualitative Method (ABQ method ) 
 

    To improve the visual identification of prevalent vertebral fractures, an 
algorithm-based qualitative (ABQ) method has been developed. 

    The ABQ method assumes that all osteoporotic vertebral fractures initially 
involve concave depression of the center of the endplate within the vertebral 
ring, that is the weakest area.  

 

VERTEBRAL FRACTURE OR VERTEBRAL 
DEFORMITY? 



A semi-automatic method for 6-point 
vertebral morphometry  

    A semi-automated system for vertebral morphometry 
(MorphoXpress) was evaluated for its reproducibility 

   This technology tested can facilitate reproducible quantitative 
morphometry suitable for large studies of vertebral deformities. 

 





Assessment of osteoporotic vertebral 
fractures using specialized workflow 
software for 6-point morphometry 

    A model-based image analysis software tool for the diagnosis of 
osteoporotic fractures using a 6-point morphometry protocol was 
evaluated, in particular the accuracy and the precision. 

   This technique is accurate and precise and can be recommended in 
large epidemiological studies and pharmaceutical trials for                                                             
reporting of osteoporotic                                                          
vertebral fractures. 

 



Semi-automated quantitative morphometry on X-ray 



Review and Adjustment 

User review Adjust contours (and 6 point 
positions) if necessary 



Comprehensive vertebral deformity and 
vertebral fracture assessment in clinical 

practice: intra- and inter-reader agreement 
     Reproducibility of quantitative morphometry (QM) and agreement 

of dichotomous fracture/no-fracture status on lateral spinal 
radiographs acquired during routine clinical practice was evaluated. 

    The software assessed in this study facilitates QM and Genant semi-
quantitative scoring                                                          of the spine 
in routine clinical practice. 



VERTEBRAL MORPHOMETRY 
 

Vertebral morphometry is a quantitative method to identify osteoporotic vertebral 
fractures based on the measurement of vertebral heights.  

Vertebral morphometry may be performed: 
1) on conventional spinal radiographs (MRX: morphometric X-ray 

radiography)  
2) on images obtained from dual X-ray  
absorptiometry (DXA) scans  
(MXA: morphometric X-ray  
absorptiometry). 
 
 



CLINICAL APPLICATIONS OF VFA 
 
     The differences observed led to a tendency for lower MXA critical values for 

detection of vertebral deformities, suggesting the use of technique-specific 
reference ranges. Although densitometer manufacturers provide reference data 
for MXA, these values do not take into account the variability of VB heights 
due to racial differences. 

 



CLINICAL APPLICATIONS OF VFA 

    If all vertebrae are visualized adequately by lateral DXA images and classified 
as normal by VFA or MXA, the patient could be classified as normal. If all 
vertebrae are not visualized by DXA and if one or more deformities are detected 
by VFA or MXA, it will be necessary to acquire conventional radiographs to 
check for further prevalent deformities and to identify the nature of the 
deformity. 

 



Vertebral morphometry by dual-energy X-ray absorptiometry (DXA) 
for osteoporotic vertebral fractures assessment (VFA) 

 
    This study demonstrated that VFA with DXA may reach a high level 

of accuracy for diagnosing vertebral fractures compared with 
conventional radiography.  



Vertebral fracture assessment by new 
dual-energy X-ray absorptiometry 

 
   The diagnostic performance of new dual-energy X-ray 

absorptiometry (DXA) technologies was investigated in the 
detection of vertebral fractures (VFs). DXA accuracy was not 
influenced by radiologist experience, however DXA sensitivity was 
affected by mild VFs. Latest improvements make VFs assessment by 
DXA                                               competitive with traditional                                                    
radiographic gold standard,                                                         
providing consistent advantages                                                        
and attractions.  



New dual-energy X-ray absorptiometry 
equipment in the assessment of vertebral 

fractures 
    A software accuracy and influence of body mass index on image 

quality of Lunar iDXA (Lunar, Madison, WI, USA; software 
enCORE 12.0) in vertebral fracture (VFs) assessment was 
investigated. 

   This study provides information about the high accuracy, reliability, 
and imaging quality  provided by iDXA                                                                                
in the assessment of VFs. 



Hologic Delphi with Instant 
 Vertebral Assessment (IVA)  

LVAqTM
 for PRODIGYTM

 



High prevalence of vertebral fractures 
assessed by quantitative morphometry in 

hemodialysis patients 
     In hemodialysis patient, a multicenter, cross-sectional, observational 

study was carried out to assess the prevalence of VFs by  vertebral 
quantitative morphometry. 

    The prevalence of VF, especially in males, and VC, in both genders, 
is high in hemodialysis patients. VF is associated with VC.  

 



      Proportion of patients with VF by 
vertebral area (dorsal or lumbar), type, 
and severity. VFs were found in 
214/387 (55.3 %) patients, but some 
patients had fractures both in the dorsal 
and in the lumbar spine, with different 
possible combinations of the type of 
fracture.  



Abdominal Aortic Calcification as a Marker of Relationship 
Between Atherosclerosis and Skeletal Fragility 

      There is a pathophysiological and clinical link between atherosclerosis and 
skeletal fragility. Abdominal aortic calcifications (AACs) can be considered as a 
marker of coexistent atherosclerotic disease and osteoporosis. 

     AACs have been associated with alterations in bone strength and severe AACs 
predicted vertebral fractures.  





Evaluation of scout CT lateral radiograph 
may prevent unreported vertebral 

fractures 
    Scout CT lateral radiographs may reveal osteoporotic vertebral 

fractures unreported by radiologists. 
   Short time spent for the evaluation of scout CT lateral radiographs 

could improve accuracy the diagnosis of vertebral fractures. 
 



Vertebral fracture (VF) assessment by 
sCT (a–c) and CT sagittal multiplanar 
reconstruction (d–f) images.  
Mild VF (a, d: broken white arrows); 
Moderate VF (b, e: white arrows); 
Severe VF (c, f: white arrowheads). 



Localizer sequences of magnetic resonance imaging accurately identify 
osteoporotic vertebral fractures 

    The aim of the present study was to evaluate the performance of sagittal MR 
localizer, in the detection of vertebral fractures (VFs).  

     The diagnostic performance was independent from degenerative arthritis, 
vertebral level, type and grade of VFs. 

     MRI is a simple but accurate tool in the detection of VFs.  
     It should be introduced for systematic evaluation in the detection of VFs in MR 

examinations performed in daily clinical practice. 



VF assessment by MR localization sequences 
(A, B, C), and sagittal T1 weighted MR 
sequences (D, E, F).  
Mild VF (A, D — broken white arrows); 
Moderate VF (B, E — white arrows);  
Severe VF (C, F — white arrowheads). 



TAKE HOME MESSAGES 
    Visual SQ assessment of the radiographs by a trained and experienced observer 

is the gold standard method to detect vertebral fractures.   
    Vertebral morphometry should not be conducted alone but as a complementary 

technique, to objectively graduate vertebral fractures already identified by the 
SQ method.  

    The availability of advanced fan-beam DXA devices allows performance of 
VFA during routine densitometry, identifying by visual or morphometric 
method most osteoporotic vertebral fractures, even those that are asymptomatic.  



    The prevalence of VF and VC is high in hemodialysis patients, 
especially in males. VF is associated with VC, and as a result, the 
finding of VC should prompt a search for VF and/or trigger 
preventive actions against VF. 


