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Abstract 

 

Background. Osteoporotic vertebral fractures (VFs) are often misdiagnosed because asymptomatic 

and  occurring in the absence of specific trauma. Further, diagnostic assessment of VFs may be 

suboptimal. 

Aim of the study. To assess the misdiagnosis of vertebral fractures on local radiographic readings in 

the cohort of patients enrolled in the POINT study.  

Methods.  We enrolled hospitalised patients, admitted for any cause to the Internal Medicine Units 

of 37 hospitals participating to the cross-sectional previously published POINT study. The 

assessment of VFs was performed both by local radiologists and by two expert skeletal radiologists, 

by using semiquantitative method (SQ). To better evaluate mild vertebral deformities, the two 

central radiologists also used the algorithm-based qualitative assessment (ABQ). 

Results. The radiographs of 661 patients (401 females; mean age 75.8±8.0) were evaluated.   

The  inter-reader percent agreement between two central expert radiologists per-vertebra assessment 

was excellent (99.78%; k =0.984;  95% CI, 0.977–0.991). Central reading identified 318/661 

(48.1%) patients with at least one VF. Local and central readings agreed in 502/661 (75.9%) 

patients, resulting in a fair reproducibility (k =0.52; 95% confidence interval 0.44–0.59). Diagnostic 

performance parameters of local readings were: sensitivity 76.1%; specificity 75.8%; PPV 74.46%; 

NPV 77.38%). By examining 9254 vertebrae, central and local readers diagnosed 665 (7.2%)  and 

562 (6.1%)  VFs respectively. Misdiagnosis (102 false positives a nd 205 false negatives)  mainly 

occurred for mild VFs. Local readings identified correctly 460 out 665  VFs diagnosed by central 

readings, resulting  in sensitivity of 69.2% and PPV of 81.8%  

Conclusions. Following a standardized protocol of acquisition techniques and of interpretation 

criteria, an excellent agreement between local and central readings for moderate and severe 

vertebral fractures resulted.  However a significant amount of mild vertebral fractures,  that 

are the most of VFs, were misdiagnosed by local radiologists.  In order to improve VFs 

assessment, the radiologists should be trained and sensitized in relation to the relevant clinical 

significance of osteoporotic VFs identification.  
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Introduction 

 

Vertebral fractures  (VFs) are the most common of all fragility fractures due to osteoporosis (OP), 

occurring in approximately 25% of postmenopausal  women  [1,2]   and men [3,4]. Most of  VFs 

are clinically asymptomatic and, as a consequence, they often remain undiagnosed, and then a 

proper therapeutic intervention is omitted in most of these cases [5].  Retrospective studies on 

standard chest radiographs obtained in internal medicine  and emergency departments revealed that 

about half of osteoporotic VFs were under-reported  [6-7]. Also retrospective analyses of  multiple 

detector computer tomography (MDCT) exams of the chest and abdomen demonstrated  a large 

number of underdiagnosed cases of VFs by radiologists [8-10]. In these studies the lack of 

recognition of VFs is generally relevant with reference to those of mild degree that show the 

radiological aspect of wedging or biconcavity.  This makes the radiological interpretation of mild 

vertebral deformities a relevant matter of controversy  [11-12]. It is actually difficult to discriminate 

between true VFs and mild wedge like deformities in the mid-thoracic region and bowed endplates 

in the lumbar region, due to normal variation in height, developmental abnormalities, degenerative 

changes, Scheuermann’s disease and large Schmorl’s nodes [13-15].  This difficulty may lead to a 

misinterpretation of vertebral deformities as VFs and then to an overestimation of VFs, that may 

imply a inappropriate therapeutic intervention.  

Accurate recognition of vertebral deformities due to true VFs has relevant clinical implications 

considering that baseline vertebral  fractures are determinants of the risk of incident vertebral and 

non-vertebral fractures [16-17]. The presence of multiple thoracic or lumbar VFs may result in 

restrictive lung disease or abdominal constipation, with an increased mortality rate and impaired 

quality of life [18-21].  Anyway also the prevalent  mild vertebral fracture has relevant clinical 

significance implicating a 2-fold increase in subsequent vertebral fractures over 3 years [22-24], so  

the need for accuracy in their radiographic identification. 

In daily clinical practice the radiologist usually diagnoses VFs by visual inspection of the patient’s 

spinal radiographs. However, this qualitative approach to identify VFs is regarded as subjective and 

its reproducibility is low, especially when performed by inexperienced observers [25-26]    
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 The visual semiquantitative (SQ) method represents a simple but standardized approach to identify 

VFs based on visual assessment of vertebral morphology and  of   vertebral height reduction  [27] .  

SQ method, provides reasonable reproducibility, sensitivity, and specificity [28],   when utilized by 

expert radiologist. Therefore SQ method it is currently the most widely used in epidemiological 

studies and therapeutic trials on osteoporosis  that consider the prevention of incident VFs as 

end-point [29-32] .  

Using SQ method we  reported,  in a previously published multicentre  study (the POINT study),  

[33]   high prevalence (47.5%) of fragility VFs in an old population of patients hospitalised in 

Internal Medicine Unit (IMUs) in Italy. We also demonstrated, in this particular population, that 

older age, chronic obstructive pulmonary disease and a previous diagnosis of OP were the 

demographic and clinical variables more strictly predictive of the presence of VFs.  To strongly 

reduce the inter-rater variability, the VFs prevalence was defined in this study after a centralized 

evaluation of all the spine radiographs collected in participating centres. Readings made by the local 

radiologists working in the participating centres, although available, were not considered for the 

previously published  POINT study analysis. 

Conversely, aim of the present study is to assess the accuracy of diagnosis of vertebral fractures 

given by local radiologists compared to central reading   in the cohort of patients enrolled in the 

POINT study.  

 

 

Patients and Methods 

 

The initial population of this study, was constituted by patients included in the POINT study. They 

were hospitalised patients aged 60 and over, admitted for any cause to the participating IMUs of  37 

tertiary-care public hospitals [33].  

In all patients radiographs  of the thoracic and lumbar spine from T4 to L5 in the anterior–posterior 

and left-lateral projections, have been obtained following standardized technical parameters [34], as 

indicated in a procedure manual supplied to all radiologists of the 37 Centres included in the study. 

For lateral views, patients were positioned on their left side with knees and hips flexed. Tube-to-

film distance was set at 105 cm, and the X-ray beam was centred at T7 and L2 for the thoracic and 

lumbar views, respectively.  

Criteria for good image quality were correct lateral projection (superimposition of endplates and of 

the posterior edges of the vertebral bodies) and visualization  of  T12 on both thoracic  and lumbar  

views to allow for complete spine assessment. 
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The spine radiographs of enrolled patients  were evaluated for presence of VFs by one radiologist 

at each included centre; subsequently, radiographs were sent to a centralised radiological Unit 

(Radiology Dept., Policlinico Umberto I, University of Rome Sapienza), in electronic format or as 

x-ray films. Here two expert skeletal radiologists, CVA and DD, independently reviewed the spine 

images, blinded of local readings .    

To assess the intra-reader reproducibility of central reading, the two expert skeletal radiologists  

independently read each set of scans twice, with a minimum of 7 days between evaluations of the 

same images, and blinded to the previous analysis made by local radiologists. 

To identifying vertebral fractures, both local radiologists and central radiologists  utilized SQ 

method by Genant et al. [27].  For vertebral fractures diagnosis SQ method initially  relies upon 

visual assessment of vertebral morphology and configuration to discriminate true vertebral fractures 

from non-fracture vertebral  deformities as developmental variant (“butterfly vertebra”, “Cupid’s 

bow”), degenerative change, large Schmorl’s nodes, Scheuermann’s disease. Then, by visual SQ 

assessment of vertebral height reduction, the vertebrae are classified as either normal (<20 % 

reduction) or as mild  (20 %–25 % reduction), moderate (25 %–40 % reduction) or severe (>40 % 

reduction) VF. Each VF was also classified by type (wedge, biconcave, crush) based upon reduction 

in anterior, middle, and/or posterior heights.  

Central radiologists, in addition to SQ method, in order to better evaluate mild vertebral 

deformities, also used the algorithm-based qualitative approach (ABQ) [35], improving the 

reliability of consensus reading considered as “gold standard”. ABQ approach focuses primarily on 

the qualitative analysis of vertebral bodies to identify change in the vertebral endplate  supplying 

additional elements respect to SQ method  to diagnose VFs  discriminating  non-fracture vertebral 

deformities, the so-called short vertebral height (SVH).  

The "true reading” consisted of the results for which the two expert radiologists of the central 

reading agreed on VF identification by individual SQ assessments. In case of discordance on 

fracture identification, the two radiologists reviewed the spine images together, in order to reach a 

final consensus. 

Statistical analysis  

We calculated the prevalence of fractures on a per patient  and on a per vertebrae basis , classifying 

VFs according to grade ( mild, moderate and severe).  

Intra-reader reproducibility of central reading and inter-reader agreement between the two expert 

radiologists of central reading and between central and local radiologist were calculated by Cohen’s 

kappa (k) statistics and associated 95% confidence intervals (CI). 
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We also calculated sensitivity, specificity, positive (PPV) and negative (NPV) predictive values of 

local reports, considering the consensus central reading as gold standard. 

All statistical analysis was performed on a per patient  and on a per vertebra basis.  

Analyses were performed using statistic software SPSS (version 22; SPSS, Chicago). 

 

 

 

 

Ethical Aspects 

The study was conducted in accordance with the existing national rules and the Helsinki 

Declaration. The study protocol received the approval of the Ethical Committees of all the 

participating centres, and informed consent from enrolled patients was obtained. 

 

Results 

 

The spine radiographs of 661 patients that had both central and local  reports  were judged of good 

quality and so formed the final study cohort (401 females and 260 males; age range  60-95; mean 

age 75.8±8.0) .  The number of  patients enrolled was similar for each of the 37 centres ranging 

from 15 to 18 . Therefore we compared the cumulative diagnosis per patient and per vertebra  

of all centres to the  diagnosis provided in consensus by central readers.  At each centre there 

was one radiologist who examined  the radiographs of enrolled patients. 

 
 

Per- patient analysis 

Central expert radiologists identified in consensus 318/661 (48.1%) patients with at least one 

vertebral fracture: 174 (26.3%) had one prevalent VF and 144 (21.8%) had two or more VFs. No 

significant differences were observed between women (48.1%) and men (46.7%) as for prevalence 

of VFs. For both sexes, the prevalence of VFs increased with age, from 37% in patients aged 60-74 

years to 55% in patients older than 75.  

The intra-reader reproducibility of central readers was very high for both expert radiologists 

(k=0.86 ; 95%  CI, 0.804–0.881 and 0.88; 95%  CI, 0.817–0.892 respectively) and the inter-reader 

agreement between the two radiologists on a per patient basis was very good as well  (k = 0.82; 

95%  CI, 0.786–0.863).   

Local reading  diagnosed the presence of  VF in 242 out of the 318 patients in whom at least a VF 

was found by central readers, thus reaching  a false-negative rate of 24%. In 35 (46%) of false-
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negative cases, local reports did not describe any fracture or deformity, while in  41 (54%) of  the 

cases local radiologists misdiagnosed VFs as vertebral deformities. 

Conversely, a VF was found by local radiologist in 83 cases out of the 343 patients judged to be 

without VFs by central readers. So the false positive rate of local reading was 24%. 

The local and central readings agreed in vertebral fracture assessment (presence versus absence of 

any VF) in 502/661 (75.9%) patients, resulting a fair reproducibility (k =0.52;  95% CI, 0.44–0.59).  

Assuming the consensus central readings  as gold standard, on a per patient basis,  local readings 

had sensitivity 76.1% , specificity 75.8% , PPV 74.46% and   NPV 77.38%. 

 

Per-vertebra analysis 

The  inter-reader percent agreement between two central expert radiologists per-vertebra assessment 

was excellent (agreement 99.78%; k =0.984;  95% CI, 0.977–0.991).  

When the presence of VF in any single vertebral body was considered, central readers in consensus 

and local readers diagnosed 665 (7.2%)  and 562 (6.1%) VFs respectively, in a total of 9254 

examined vertebrae. A description of the number of VFs of different degree found by central and 

local readers was detailed in Table 1.  Among 562 VFs identified by local readers , 102 were 

classified as normal vertebrae by the central readers (false positives) .  

On the other side 205  vertebrae were incorrectly evaluated  by local readings  as not presenting 

VFs (false-negatives). Therefore local and central readers agreed in 460 out 665 VFs resulting a  

sensitivity of  69.2%  and   PPV of  81.8%  .  

Misdiagnosis of VFs by the local radiologists were limited to wedge and biconcave fractures of 

mild degree (30.8%), while both moderate and severe VFs were correctly classified. The 

distribution of true VFs identified both by central and local readings for each vertebral body is 

shown in Figure 1. As expected, most of the vertebral fractures were identified by both central and 

local readings in the upper thoracic spine , at T7-T8,  or in the lower thoracic and upper lumbar 

spine , at T11-L1.  The proportion of under-diagnosed fractures by local radiologist  resulted higher  

in the thoracic spine ( 54% % at T7-T11  level) than  in the lumbar spine (34% at L1-L5 level). 

Central readers identified  152  non-fractures vertebral  deformities applying ABQ approach,  50 of 

which were diagnosed also by local readers using only the SQ method. Therefore 102 vertebrae 

considered mild fractures by local readers , were classified  as non-fractures  deformities by  central 

readers using ABQ method while were (false-positives). In detail,  78 wedge deformities due to 

degenerative changes (n=56) and Scheuermann’ disease (n=22) were localized at the spine thoracic 
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level; additional 24 cases with biconcave appearance were due to severe scoliosis (n=16) and large 

Schmorl’s nodes (n=8) localized at the lumbar spine level  (Figure 2). 

 

Discussion 

 

In this study we compared  the local and centralized  radiologic readings , that were taken into 

account as gold standard,  for diagnosis of vertebral fractures in an elderly  hospitalised 

population.  Following a strict protocol with standardization of acquisition techniques and of 

interpretation criteria, the agreement and  the diagnostic performance parameters between local 

and central vertebral fracture assessment on per-patient basis (presence versus absence of any VF 

per-patient) were approximatively 76%. 

This result could may  be considered satisfactory but actually  it means that local radiologists didn't 

identify 76 patients with vertebral fractures, equivalent with an high  false negative rate (24%).   

The analysis per-vertebra basis demonstrated that  discrepancies between local and central readings 

can be ascribed in the present study to both underreporting and overestimation of VFs by the local 

radiologists. High rate (30.8%) of VFs  identified in consensus by central expert radiologist were 

underreported by the locally operating radiologists . Similarly to what was previously reported in 

other studies [8-10], underestimation of the prevalence of VFs were limited to the detection of mild 

vertebral fractures.  

This can be probably ascribed to both inherent difficult evaluation of borderline vertebral 

deformities and lacking in experience of local radiologists  induced to erroneously classify these 

vertebrae as normal. Otherwise in this study resulted an excellent (100%) agreement between the 

local and central readings  for moderate and severe vertebral fractures, that are often symptomatic 

and therefore easily recognizable. This is a result of particular importance, considering that the risk 

of future vertebral fracture increases with the number and severity of prevalent vertebral fractures, 

[36]. It is documented [22] that among the women with mild, moderate, and severe vertebral 

fractures at baseline, 10.5, 23.6, and 38.1% respectively developed new vertebral fractures 

after 3 years respect to 4.3% of the women without prevalent vertebral fractures. Even if 

implicates  a smaller increase of fracture risk respect to moderate or severe fractures , it is 

highlighted that the mild vertebral fractures are the most of  VFs therefore their misdiagnosis has a 

relevant clinical impact anyway [23-24]. 

On the other side, overestimation of VFs occurred in about three-quarters of cases in the mid-

thoracic region, where mild wedging due to osteoarthritis changes (that are common in an elderly 

population like the present one) were misinterpreted by local readers as VFs [37].  In the remaining  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

cases, mistakes in VF diagnosis occurred in the lumbar spine, where the biconcave appearance of 

vertebral bodies related to severe scoliosis and large Schmorl’s nodes, was incorrectly classified by 

local radiologists as biconcave VF.  

Our data were consistent with previous comparative studies between local and central radiographic 

reports  [38-39]. In these studies under-diagnosis of VFs by local radiologists accounts from 25.8% 

to 46.5%, in spite of the use a standardized protocol for radiograph acquisition and SQ method to 

correctly identify VFs. In one of these studies [38] it was highlighted that a consistent number of 

false negative cases was due to ambiguous terms used in the radiologic reports (“biconcavity,” 

“wedge deformity,” and “slight reduction in height”). In another study long-standing fractures 

(“old” fractures) associated with secondary degenerative changes, were excluded from the 

computation of VFs [39]. 

As in some previous studies [29-32], in our experience the local radiologists used the standardized 

SQ method for visual assessment of vertebral morphology and visual estimation of reduction in 

vertebral height ≥ 20%, as a criterion for diagnosis of prevalent VF. SQ method has some 

limitations. In cases of mild vertebral  deformities such as mild wedging in the midthoracic 

region and mild biconcavity in the lumbar region the distinction between borderline 

deformity  (grade 0.5) and definite mild (grade 1) fractures can be difficult and sometimes 

arbitrary . Therefore, with the purpose of an accurate diagnosis of prevalent vertebral 

fractures,  it is necessary adequate experience of the observer to distinguish normal 

variations and  degenerative changes from true fractures of vertebral bodies. [40]  

In the present study, central readers preliminarily applied the ABQ approach to correctly 

discriminate non-osteoporotic vertebral deformities from true VFs and then used SQ method to 

graduate VFs [41].  Using the combined approach, both ABQ and SQ, to vertebral fracture 

assessment the central  consensus reading  could be considered more reliable as  gold 

standard.. The  ABQ approach in the hands of expert observers may allow accurate  identification 

of true fractures because  it is mainly  based on the identification of changes in the vertebral 

endplate more than on the vertebral height measurement [42].This  difference in the approaches 

used for vertebral fracture assessment may partially explain the misdiagnosis between local 

and central expert readers to identify mild vertebral fractures.  After the all , the aim of  this 

study was to  evaluate  the diagnostic accuracy of vertebral fractures assessment in daily 

practice, therefore we would like that the local non expertise radiologists to use only the  

most common  and simple SQ method , as usually  happen. 

An incorrect diagnosis of mild VFs may have important implications from the clinical and 

therapeutic point of view [43]. As a consequence of that, the radiologic report of a VF strongly 
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induces the physician to introduce a proper anti-osteoporotic treatment [44].  So,  the  under-

reporting  of VF by the radiologists implies that many patients requiring this kind of therapeutic 

option cannot be properly identified [45]. On the other side, the incorrect classification of the 

various vertebral deformities  as VFs  may induce the prescription of unnecessary therapy, thus 

exposing patients to possible side effects and increasing personal or social health costs [46].  The  

recognition of vertebral fractures, as well as the prevention and treatment of further fractures, will 

likely do much to reduce fracture-related costs for the healthcare systems [47]. 

We are aware that this study suffers from some limitations. First, our results were obtained in a 

population of hospitalized patients with high prevalence of VF. Thus, these results cannot be 

extended to the general population.  Second, we used the conventional radiographic technique for 

obtaining radiograph.  It is well known that X-ray cone-beam may cause geometric distortion of 

vertebrae located at extremities of the scans, and therefore the accuracy of diagnosis of VFs could 

be reduced,  namely at the upper thoracic and lower lumbar levels.  

Conversely, this study has some strengths, which may make its findings interesting. The same 

standardized protocol was applied in all the participating centres for  the acquisition of radiographs 

to obtain images of good quality and therefore to facilitate their interpretation based on SQ method.  

The reproducibility of the vertebral fracture assessment was very high for. The consensus central 

reading considered as “gold standard” was reliable , because of very high reproducibility intra- ed 

inter-reader for both central expert skeletal radiologists. 

This study demonstrated that following a standardized protocol of acquisition techniques and of 

interpretation criteria, an excellent agreement was obtained between local and central readings for 

moderate and severe fractures. However, a significant percentage of mild vertebral fractures,  

that are the most of VFs, were misdiagnosed by local radiologists. This  large amount of 

discrepancies observed between radiographic reports from less expert readers and those from 

readers with adequate expertise demonstrates that a consistent part of radiologists should be 

adequately trained and sensitized in relation to the relevant clinical significance of osteoporotic VFs 

identification.   

In particular we suggest also in daily practice a combined  approach for vertebral fracture 

assessment,  using both ABQ and SQ methods, in order to discriminate non-fracture vertebral 

deformities from true vertebral fractures more accurately. 

In this way the radiologist may  play its diagnostic role adequately in the management of patients 

with osteoporosis by correctly identifying all of VFs, and so driving the physician to properly treat 

the patients with anti-osteoporotic drugs. 
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Table 1. Grading and type of vertebral fractures assessed by central and local readings  

(n. vertebrae=9254) 

 

 
 
 Wedge Biconcavity            Crush Total 

     

Grading         CR     LR    CR   LR    CR   LR CR LR 

Mild        290 

 

    213 

 

   92    66     0      0 382 (4,1%) 279 (3%) 

Moderate       114 

 

    114 

 

   70    70   10    10 194 (2.1%)   194 (2.1%) 

Severe          49       47    11    13   29    29 89 (1%) 89 (1%) 

Total      453 (4.9%) 374 (4%) 173 (1.9%) 149 (1.6%) 39 (0.4%) 39(0.4%)  665 (7.1%) 562 (5.9%) 

CR= Central reading  LR= Local reading 
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Legend to figures 
 
 

Figure 1. Distribution of  true fractures per vertebral level by the central and local radiographic 

readings 

 

 

Figure 2. Examples of incorrect interpretation of mild vertebral deformities by local readings      

 A)  False-negative : mild concave fracture with  depression of the central vertebral  endplate at T11 

detected by central reading ;   

B) False-negative :  mild wedge fracture at T3 centrally reported ;  

C) False-positive :  a  mild wedging at T7 due to degenerative changes by osteoarthritis was 

misdiagnosed as mild fracture by local readings. 
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Fig. 1  
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Fig. 2a  
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Fig. 2b  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 
 

 

Fig. 2c  
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Highlights 

 An excellent agreement between local and central readings for moderate and severe 

vertebral fractures was reached  

 However a significant amount of mild VFs resulted misdiagnosed   by local radiologists 

 Use of  ABQ and SQ methods, allows to discriminate mild VFs and vertebral deformities 

more accurately  

 Adequate training and  sensitization of radiologists for vertebral fractures assessment is 

needed   
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