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CHEST X-RAY CLUES TO OSTEOPOROSIS:  

CRITERIA, CORRELATIONS, AND CONSISTENCY 

Natalie Renee Simmons, Cindy Miller, Michele Johnson, Lawrence Staib, Kevin Johnson, 

and Anne McBride Curtis.  Department of Radiology, Yale University, School of Medicine, 

New Haven, CT.  

The purpose of this study was to assess whether radiologists could accurately assess 

osteopenia on chest plain films.  Two chest radiologists evaluated lateral chest films from 100 

patients (80 female and 20 male), ranging in age from 16 to 86 years, for osteopenia and its 

associated findings.  Intra- and interobserver agreement was determined using weighted 

kappa statistics, and accuracy was assessed by making comparisons to bone mineral density 

as measured by the non-invasive gold standard of dual-energy x-ray absorptiometry (DXA).  

Overall, radiologists were good at identifying signs of late, but not early, disease.  

Intraobserver consistency was substantial for fish vertebrae (Kw1=0.638; Kw2=0.0.712) with 

moderate interobserver agreement (Kw=0.45).  Similarly for wedged vertebrae, intraobserver 

consistency was substantial to moderate (Kw1=0.654; Kw2=0.533) with substantial 

interobserver agreement (Kw=0.622).  These radiographic signs correlated with true disease 

as shown by high specificity values.  Therefore, this study indicates that if osteopenia is 

suspected (i.e., there is a wedge or fish vertebra) or its associated features are seen on a 

CXR, it is crucial for radiologists to comment on it.  The literature suggests that referring 

physicians do not pay attention to such findings in radiology reports.  Radiologists could 

effect change in clinical treatment by not burying these findings in the report body, but instead 

putting it in the impression, along with a recommendation that the finding be followed up with 

DXA.  Because effective interventions for women with osteoporosis exist, the results of this 

study will contribute to a major change in the practice of chest radiology and improve 

women’s health by preventing the devastating disability associated with osteoporosis. 
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While it is likely that most women have some understanding of the 

sequelae of osteopenia, many do not know whether they are affected by it.  

Results from the National Osteoporosis Risk Assessment (1) showed that nearly 

one out of every two women tested had undetected low bone-mineral density 

(BMD), and 7% had undetected osteoporosis.  In this same study, women with 

osteoporosis were four times more likely to have a fracture after one year, while 

the fracture rate in women with low BMD was twice that of women with normal 

BMD (1).  Indeed, low BMD is the single best predictor of fracture risk in 

asymptomatic postmenopausal women (2).  This is particularly significant since 

20% of hip fractures lead to death within a year (3).  Because effective 

interventions for women with osteopenia exist, the disability associated with 

osteopenia is no longer an inevitable result of aging, and is at least partially 

preventable (4).  With prevention available, early detection becomes important. 

GOLD STANDARD 

It used to be that osteopenia was only diagnosed after a fracture had 

occurred (4).  The World Health Organization (WHO) has established the 

following definitions: osteopenia is a value for BMD of 1-2.5 Standard Deviations 

(SDs) below the young-adult mean; osteoporosis is a value for BMD of 2.5 SDs 

or more below; and severe (established) osteoporosis is a value of 2.5 SDs or 

more below in the presence of one or more fragility fractures (5).  This was done 

for epidemiological purposes to categorize patients who were at risk for the 

condition.  However, they are now used by physicians as guidelines for treatment 

of the condition before the sequelae of its being present has resulted (4).  BMD 
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testing compares a patient’s bone density to that of a young, normal, healthy 30-

year-old adult with peak bone density.  T-scores represent standard deviations 

above or below this normal value.  If more than one body location (e.g., hip, 

spine, etc.) is tested, then the lowest T-score is used.  Z-scores compare bone 

density to what is normal in someone of the same age and body size as the 

patient.  Clinically, Z-scores are not used to diagnose osteopenia in 

postmenopausal women and men age 50 or older as well as perimenopausal 

women since low BMD is common in these patients.  Z-scores are recommended 

for younger men, premenopausal women and children; however, diagnosis of low 

BMD in these patient populations is usually not based solely on BMD testing, but 

on other clinical features as well.   

Dual-energy x-ray absorptiometry (DXA) of the hip and spine is currently 

the "gold standard" for measurement of BMD (6; 7).  The hip and spine are the 

locations tested because patients have a higher risk of fracturing these bones, 

and fractures in these locations lead to longer recovery times and disability.  

However, different anatomical regions (e.g., femoral neck and trochanter) are 

often measured along with the hip and spine, and the DXA report usually 

provides individual T and Z-scores for each location.  Other techniques 

sometimes used to assess bone density are pDXA (peripheral dual energy x-ray 

absorptiometry), QUS (quantitative ultrasound), QCT (quantitative computed 

tomography), pQCT (peripheral quantitative computed tomography).  The 

peripheral tests (pDXA, QUS and pQCT) are only used for screening purposes 

but not for monitoring response to treatment. 
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PLAIN FILM FINDINGS 

Standard radiographs have been reported to be sensitive enough to detect 

osteopenia after 25%-40% of bone density has been lost (8; 9).  For most BMD 

tests, 1 SD difference in a T-score equals a 10-15% decrease in bone density 

(7).  Thus, one would expect to be able to detect changes on plain films for 

patients who are currently classified by the WHO criteria has having osteoporosis 

(>25% bone density loss); it is likely that plain films would not detect patients with 

osteopenia. 

 Generalized osteopenia is most prominent in the axial skeleton 

(especially, the vertebral column, pelvis, ribs, and sternum).  Several qualitative 

features of osteopenic bone have been noted (8; 9; 10).  The first feature is 

increased radiolucency, reflecting a relative lucency of the central portion of the 

vertebral bodies compared with the subchondral bone at the superior and inferior 

endplates of the vertebrae.  This radiolucency results from the spongy bone 

being composed of fewer plates which are each reduced in caliber.  A second 

plain radiographic feature of osteopenia is the appearance of vertically oriented 

bars of increased radiodensity as individual trabeculae become thinner and 

eventually disappear.  A “picture frame” or “empty box” appearance of the 

vertebral body occurs when the cortical margin is accentuated, by apparent loss 

of density of the remainder of the vertebra.  Changes also occur in the shape of 

affected vertebrae.  Wedge-shaped vertebrae reflect loss of height which is 

greater anteriorly than posteriorly.  This change is common in the thoracic spine 

where normal kyphosis causes maximal pressure to be exerted on the anterior 
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aspect of the vertebrae.  The posterior aspect of the vertebrae is less apt to 

become reduced in height as it is supported by the paravertebral musculature 

and the posterior bony elements of the spine.  A biconcave shape of the vertebral 

body results when the anterior and posterior aspects maintain their height, but 

the central portion is reduced in height; this may also be referred to as a “fish 

vertebra.”  Compression reflects loss of height of the entire vertebral body.  Both 

wedging and compression are manifestations of vertebral fractures in a patient 

with osteoporosis and will lead to an accentuation of the normal thoracic 

kyphosis; it is generally not possible to distinguish acute from chronic fractures.  

It might be noted that not all vertebral bodies will be affected in the same way or 

some vertebrae may maintain normal density and shape while adjacent vertebral 

bodies demonstrate significant changes.   

 Osteopenia is most often due to osteoporosis, but may be seen in other 

diseases as well including osteomalacia, hyperparathyroidism, renal 

osteodystrophy, and neoplasia (8).  In osteomalacia, a condition which occurs 

after the growth plates have closed, there is lack of mineralization of normal 

osteoid.  Additional radiographic features in this disorder are coarsening of the 

trabeculae and pseudofractures.  Hyperparathyroidism can be distinguished from 

simple osteopenia by the presence of subperiosteal resorption.  Renal 

osteodystrophy reflects a combination of osteomalacia and hyperparathyroidism 

with their attendant radiographic features.  An additional finding in renal 

osteodystrophy is the so called rugger jersey spine in which the vertebral 

endplates are markedly denser than the remainder of the vertebra. Malignancies 
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including leukemia and multiple myeloma may have diffuse osteopenia in 

addition to focal lytic lesions; they may also demonstrate loss of height of 

vertebral bodies.  In malignancies associated with elaboration of a parathyroid 

hormone like substance, osteopenia and features of hyperparathyroidism may be 

seen.  

RELATIONSHIP BETWEEN OSTEOPENIA ON PLAIN FILMS AND BMD 

 Radiographic findings of osteopenia, such as those listed above, have 

been found by some researchers to be significantly related to BMD.  Garton and 

colleagues (11) compared subjective estimates of vertebral body osteopenia on 

standardized lateral radiographs (performed of the 14 vertebrae between T4 and 

L5 with 2 exposures centered on T7 and L2) with BMD measurements of the 

anteroposterior (AP) lumbar spine and femoral neck in both men and women 

aged 52-90 years.  Three radiologists assigned an osteopenia score to the 

radiographs based on the Saville method.  The following is the 5-point Saville 

index which provides a semiquantitative method for describing osteopenia (11; 

12; 13): 

Grade 0: normal bone density. 

Grade 1: minimal density loss; end plates stand out giving a stenciled effect. 

Grade 2: vertical striation is more obvious; end plates are thinner. 

Grade 3: more severe loss of bone density; end plates becoming less visible. 

Grade 4: ghost-like vertebral bodies; density is no greater than soft tissue;  

no trabecular pattern is visible. 
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In Garton’s study, BMD measurements were compared in individuals without 

significant vertebral deformity, those with mild (20-25%), or those with definite  

(> 25%) reductions of vertebral height.  They found that intraobserver agreement 

was moderate to good and interobserver agreement was fair to moderate.  There 

was overlap between gradings, but the BMD was indeed significantly related to 

visually estimated osteopenia.  Further, the BMD measured at the hip and spine 

was related to vertebral deformity in women but not in men.  Though it has also 

been utilized in other investigations, the Saville index has not been widely 

implemented because the radiographs are uncalibrated and interpretation is 

affected by interobserver variability (13).   

McCullagh et al. (14) retrospectively measured the BMD in the lumbar 

spine of patients without vertebral fractures who had received a plain film 

diagnosis of osteopenia.  They compared these patients to a group of one or 

more age and sex matched patients with one or more low impact vertebral 

fractures.  They concluded that a radiological report of osteopenia on plain films 

was indeed a strong predictor of low bone density by BMD measurement; 

however, plain film estimation could not differentiate specifically between 

osteopenia and osteoporosis.   

Ahmed et al. (15) also reported that radiographic evidence of osteopenia 

was a strong predictor of osteoporosis.  They had reviewed 3530 referrals of 

women for bone density measurements of the spine and femur to determine the 

relationship between BMD measurements and the initial reason for referral to a 

BMD screening service.  The highest proportion of women with osteoporosis in 
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any group was in the group who had been diagnosed as osteopenic on plain 

films of the lumbar spine (n = 269).  

However, other researchers have provided conflicting results.  Williamson 

et al. (16) found that there was little ability to accurately diagnose osteopenia by 

chest film and proposed that it was unjustified to comment on the presence or 

absence of osteopenia on the basis of chest films.  In their study, the estimated 

degree of bone density on 45 lateral chest films as read by nine radiologists was 

compared with DXA of only the lumbar spine taken within the same 6 month 

period.  One potentially limiting factor of this study was that the radiologists 

reported an overall impression of bone density rather than referring to specific 

criteria which would have justified their impression.  Furthermore, the bone 

density values were reported as grams of hydroxyapatite/square centimeter, 

rather than the more widely accepted T and Z-scores.  Finally, it was suggested 

by McCullagh et al. (14) that this study was underpowered. 

Jergas et al. (10) compared routine radiographs and PA DXA of the 

lumbar spine in the diagnosis of osteopenia (using a T-score of -2SD as the 

threshold for the diagnosis of osteopenia).  They found a poor correlation 

between BMD, as measured by DXA, and a lumbar spine index (LSI).  

Additionally, in this study, radiographs of the lumbar spine (obtained in both the 

AP and lateral planes) were evaluated by nine observers in order to determine 

observer variation.  The readers were not given specific criteria or training.  

Jergas et al. concluded that osteopenia can reliably be detected from lumbar 

spine radiographs by all readers only after a substantial amount of BMD is lost 
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(i.e., 60% or more).  Further, they noted that the most inconsistency between 

DXA and observers occurred in cases where the reduction in BMD was between 

10% and 20%.  This study also highlighted some of the caveats regarding spinal 

DXA.  The authors suggested that DXA may not detect osteopenia in patients 

with overlying aortic calcification or with degenerative changes of the lumbar 

spine since the facet hypertrophy and disk space narrowing may artifactually 

increase bone density. 

The latter study investigated the lumbar spine on plain films.  This is a 

useful site for direct comparison with DXA, which also measures BMD at this 

location.  However, women may not receive plain films of the lumbar spine 

unless they are symptomatic.  Additionally, these x-rays involve a substantial 

amount of radiation exposure.  Chest x-rays are performed on more people and 

more frequently per person.  Thus, identification of osteopenia on these 

examinations would be an especially helpful tool. 

PURPOSE AND HYPOTHESES 

The purpose of this investigation was to assess whether radiologists could 

accurately assess osteopenia on plain films of the chest.  This possibility was 

tested by determining the degree to which radiologists’ designation of 

“osteopenia” on chest plain films correlated with the bone mineral density status 

as measured by the gold standard of dual-energy x-ray absorptiometry as well as 

by determining the intra- and interobserver variability in this designation.  If the 

designation of “osteopenia” on chest plain films is a valid indication of a patient’s 

bone mineral density, then these designations should demonstrate a statistically 
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significant correlation with the DXA classification.  If there is consensus amongst 

radiologists as to which chest plain films show evidence of osteopenia, then there 

should be a low level of intra- and interobserver variability.  
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METHODS 

SUBJECT ELIGIBILITY 

A retrospective cohort study was conducted on patients who had received 

both BMD testing by DXA and a lateral CXR within the same 12 month period 

using the Yale Diagnostic Radiology IDX Database Search (performed by Dough 

Tabor of Information Technology at Yale-New Haven Hospital).  All radiographs 

and reports were obtained in the search from the electronic record known as 

PACS (picture archiving and communication system) which archives radiologic 

studies performed at Yale-New Haven Hospital.  Patients had been referred for 

imaging at Yale-New Haven Hospital (a large teaching hospital) by a diverse 

number of attending physicians in the inpatient, outpatient, and emergency 

department settings between November 2002 and November 2008.  Only lateral 

chest films were utilized since the lateral view provides the most information 

about the spine.   

These patients were then assigned to one of three groups (normal, 

osteopenic, or osteoporotic) according to the results of their BMD by DXA.  The 

DXA reports included separate T and Z-scores for each of several anatomical 

regions (i.e., lumbar spine, hip, femoral neck, and trochanter); however, DXA of 

the hip and spine is currently the "gold standard" for measurement of BMD (5; 6; 

7).  Therefore, if the T and Z-scores differed by anatomical region for a given 

patient, then the worst score (from either the lumbar spine or hip) was used to 

classify the patient into one of the three experimental groups as is done in clinical 

practice (5).  All DXA reports had been generated by the same radiologist.  From 
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this patient pool, 100 radiographs were selected with the following distribution: 33 

“normal,” 33 “osteopenic,” and 34 “osteoporotic.”  The films in each group were 

selected randomly by the principal investigator in one setting.  All chest 

radiographs were standard lateral chest films taken in the erect position.   

DATA COLLECTION 

Two experienced radiologists specializing in chest radiology on staff at 

Yale-New Haven Hospital were then asked to evaluate all 100 radiographs.  The 

readers were blinded as to the patients’ BMD by DXA reading.  Readers were 

asked to use a Likert scale to evaluate the exams for the presence or absence of 

several radiographic findings associated with osteopenia, to form a conclusion 

regarding the presence or absence of osteopenia, and to comment on how often 

they reported the finding of osteopenia during their routine readings.  Each 

reader’s answers were scored according to the degree of certainty the observer 

felt about her response to each question.  There were five possible grades of 

certainty for each answer, which ranged form “definitely normal” to “definitely 

abnormal,” including an “uncertain” option.  Readers recorded their answers on 

separate datasheets (Appendix A) for each radiograph.   

Each reader evaluated the 100 exams twice, and the films were presented 

in different orders on separate worklists between the two readings.  The worklists 

were generated by first randomly dividing the 100 radiographs into three smaller 

groups.  These three groups were then combined in different orders to yield three 

distinctly different worklists.  Each reader was assigned a different worklist.  For 
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the second reading, the order of presentation was again varied, by reversing the 

order of the films. 

A non-chest radiologist also evaluated a subset of the selected cases 

following the above protocol in order to provide insights into how the results from 

the chest radiologists might be generalized to other radiologists.  

STATISTICAL ANALYSIS 

 Data were entered into a Microsoft Excel spreadsheet (Microsoft, 2003).  

Statistical tests were computed using Minitab® 15.1.20.0. (Minitab Inc., 2007) 

and MedCalc® 10.0.2.0 (Frank Schoonjans, 1993-2008) statistical software.  

Lawrence Staib, Ph.D. of the Yale University School of Medicine provided 

statistical advice; however, all statistical computations were done by Natalie 

Renee Simmons. 

Initially, a Receiver Operating Characteristic (ROC) analysis was 

considered to determine the diagnostic test performance compared to the gold 

standard (17; 18; 19).  However, because ROC’s are not influenced by a reader’s 

bias toward choosing a particular diagnosis (20), ROC’s were not ideal for the 

present study which sought to explore these natural biases effecting inter- and 

intraobserver variability.  As long as there is a difference in the difficulty with 

which early and advanced cases of osteopenia may be detected, the ROC curve 

will be influenced by the proportions of these extreme cases in the study sample 

(17).  Additionally, in the current study, the cut-off levels for the gold standard 

had already been pre-determined based on the WHO clinical guidelines for T and 

Z-scores on DXA (5). 
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Percent agreement or disagreement was another potential statistical tool.  

This statistic represents the number of agreements divided by the total paired 

judgments multiplied by 100.  However, this approach does not control for any 

observer agreement that may have occurred by chance (21).   

Fleiss’s and Cohen’s Kappa statistics are useful for determining intra- and 

interobserver agreement (22; 23).  Kappa (K) is a ratio of the proportion of times 

that the observers agree to the maximum proportion of times that the observers 

might possibly agree with both corrected for chance agreement.  The kappa 

statistics for each value on the Likert scale (1-5) can be analyzed in addition to 

an overall observer evaluation in order to determine if the observers had difficulty 

with a particular value response.    

Kappa statistics are useful when the variable classifications are nominal 

(e.g., osteopenia / no osteopenia); however, kappa does not take into account 

the degree of disagreement (i.e., all disagreement is treated equally as total 

disagreement).  Therefore, when the categories are ordered (as in the Likert 

rating scales employed in the present study), it is preferable to use the weighted 

kappa statistic (kw) (22; 24).  Weights can be assigned in many different ways 

depending upon the study design.  Linear weights are useful when the difference 

between the first and second category has the same importance as a difference 

between the second and third category.  Quadratic weights are appropriate if the 

difference between the first and second category is less important than a 

difference between the second and third categories.  In reality, one observer’s 

conception of the magnitude of difference between any two answers may not 
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coincide with those of other observers.  Further, the magnitude of difference 

between various consecutive answers most likely does not fit a simple linear or 

quadratic formula.  In the present study, five possible answers existed for all 

questions.  Each answer represented a point on a continuum of possible opinions 

ranging from definitely absent to definitely present.  A quadratic formula was 

applied since a difference between “definitely present” and “probably present” 

was less important than a difference between “probably present” and “uncertain.”  

This application was also chosen for simplicity and to facilitate study replication.  

The weights in the quadratic set were 1, 0.937, 0.750, 0.437 and 0 as calculated 

based on the following formula:  

wi = 1 - 
 

For both K and Kw , values range from -1 to +1.  As shown in the chart 

below, Kw equal to zero suggests that the observed agreement is equal to that 

expected by chance alone.  Kw equal to +1 indicates perfect agreement.  Kw less 

than 0 implies that the observed agreement is less than that expected by chance 

alone.   

TABLE 1: STATISTICAL SIGNIFICANCE OF KAPPA 
Value of K Interpretation 
K = 1  perfect agreement 
K = 0  no agreement better than chance 
K is negative  Agreement is worse than chance 

 
The relative significance of values between 0 and 1 has been interpreted 

differently depending upon the research study and author.  Kramer and Feinstein 

(21) proposed that value of Kw approaching +0.5 or +0.6 represent an 

i 2 
(k – 1) 2 
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“acceptable degree of agreement.”  The following chart shows an alternative 

interpretation by Altman (25):  

TABLE 2: QUALITATIVE INTERPRETATION OF KAPPA BY ALT MAN ET AL. 

VALUE OF K STRENGTH OF AGREEMENT 

< 0.20 Poor 

0.21 - 0.40 Fair 

0.41 - 0.60 Moderate 

0.61 - 0.80 Good 

0.81 - 1.00 Very good 
 
Yet another more specific qualitative interpretation, which was proposed by 

Landis and Koch (26), was utilized in the present study and is shown below: 

TABLE 3: QUALITATIVE INTERPRETATION OF KAPPA 
BY LANDIS AND KOCH 
vALUE OF k Strength of Agreement 
<0 Poor 
0-0.20 Slight 
0.21-0.40 Fair 
0.41-0.60 Moderate 
0.61-0.80 Substantial 
0.81-1.00 Almost Perfect 

 

Another approach employed to interpret kappa statistics was to compare 

them to the null hypothesis.  The null hypothesis (H0) stated that any intra- and/or 

interobserver agreement was due to chance alone.  The p-value provided the 

likelihood of obtaining the value of Kw if H0 were indeed true.  If the p-value was 

less than or equal to a predetermined level of significance (α = 0.05), then the 

null hypothesis was rejected.  In order to determine the p-value, the standard 
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error (a measurement of the precision of the estimated Kw) and a z-value (an 

approximate normal test statistic) were calculated (22).  However, p-values are 

less important than the absolute value of Kw.  

In order to use the standard normal z-distribution, N (total number of 

cases) must be greater than or equal to 2g2 where g equals the number of 

answer categories (27).  In this study, the Likert scale contained 5 answer 

categories, so g equaled 5.  Thus, the number of cases required to use the 

standard normal z-distribution was 50.  In order to compare two Kw values on a 

statistically robust basis, the number of cases must be greater than or equal to 

3g2 (28), so the requisite number of cases was 75.  The number of cases 

included in this study was 100.  In some of the analyses, one or two cases could 

not be used to calculate a given Kw because an observer had omitted an answer.  

However, in most analyses the number of cases was well above 75.  The only 

exception was that the subset of cases examined by the non-chest radiologist 

totaled 38, so all analysis regarding that observer should be considered with 

caution.  

Kappa statistics are well established in medical literature (29), and may be 

used to test rater independence as well as to quantify the level of agreement.  

However, some disagreement exists regarding the use of kappa to quantify 

actual levels of agreement.  Thus, an important caveat, when evaluating the 

results of the present study, is that kappa statistics should not be viewed as the 

unequivocal standard for determining agreement.  Kappa is referred to as a 

chance-corrected measure of agreement.  However, because the expected 
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agreement in the calculation of kappa is relevant only when the raters are 

independent, kappa could be viewed as not truly chance-corrected.  Some critics 

have noted that observers are not independent because they are rating the same 

items.  Thus, another statistic, Kendall’s coefficient of concordance, was utilized 

to further explore the agreement relationships.     

Because the variable classifications were ordinal, Kendall's coefficient of 

concordance (W) was used in addition to kappa statistics.  Ordinal variables are 

categorical variables that have three or more possible levels with a natural 

ordering, such as strongly disagree, disagree, neutral, agree, and strongly agree.  

While kappa statistics represent absolute agreement among ratings and treat all 

misclassifications equally, Kendall's coefficient of concordance expresses the 

degree of association among the multiple ratings made by an observer using 

information about relative ratings and is sensitive to the seriousness of the 

misclassification.  For example, osteopenia was rated on a 1-5 scale. The 

consequences of misclassifying “definitely present” (rating = 5) as “definitely 

absent” (rating=1) are more serious than misclassifying it as “probably present” 

(rating=4).   

Kendall's coefficient of concordance can range from 0 to 1.  The higher the 

value of Kendall's, then the stronger the measured association is.  As with the 

kappa statistic, p-values were calculated to choose between the hypothesis that 

the ratings were associated with one another or the null hypothesis that there 

was no association.  A chi-square statistic and the degrees of freedom were used 

to determine the p-value. 
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The purpose of studying a diagnostic test is to determine whether that test 

is useful in clinical practice.  Therefore, causality and tests of statistical 

significance are less important.  Instead, descriptive statistics with associated 

confidence intervals are used to assess test performance.   

In order to compute test sensitivity and specificity, the data was 

dichotomized.  Reader designations on the questionnaire Likert scale of 1 

(definitely absent), 2 (probably absent), and 3 (uncertain) were considered 

“normal or non-osteopenic” while designations of 4 (probably present) and 5 

(definitely present) were considered “osteopenic.”  Accuracy was assessed by 

comparing the chest x-ray findings with those of DXA, which is the non-invasive 

gold standard for bone mineral density.  For the accuracy assessment, cases 

with scores less than -1, the WHO cut-off for osteopenia (5), were classified as 

having “presence of disease” while cases with scores greater than -1 were 

classified as having “absence of disease.”  DXA can be measured at several 

locations (lumbar spine, hip, femoral neck, and trochanter), and the DXA report 

provided separate T and Z-scores for each of these locations.  Therefore, when 

making accuracy assessments at a given anatomical region, the specific T and 

Z-scores corresponding to that region were used. 

When evaluating a diagnostic test, some cases with the disease will be 

correctly classified as positive (TP = True Positive) while other cases with the 

disease will be incorrectly classified as negative (FN = False Negative).  

Likewise, some cases without the disease will be correctly classified as negative 

(TN = True Negative) while others without the disease will be mistakenly 
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classified as positive (FP = False Positive).  Cases were identified as belonging 

to one of these four categories, and the tally for each group was then entered 

into a 2x2 table in order to calculate test characteristics such as sensitivity, 

specificity, positive and negative likelihood ratio, disease prevalence as well as 

positive and negative predictive power.  The following 2x2 table displays the 

possible outcomes: 

TABLE 4: POSSIBLE OUTCOMES OF A DIAGNOSTIC TEST 

Disease    

Test  Present  n Absent  N Total  

Positive  True Positive 
(TP) 

a False Positive 
(FP) 

C a + c 

Negative  False Negative 
(FN) 

b 
  

True Negative 
(TN) 

d 
  

b + d 

Total    a + b   c + d    

Test sensitivity is the probability that a test result will be positive if the 

disease is truly present.  Test specificity is the probability that a test result will be 

negative if the disease is truly not present.  The positive likelihood ratio is a ratio 

between the probability of a positive test result given true disease and the 

probability of a positive test result given the absence of disease.   The negative 

likelihood ratio is a ratio between the probability of a negative test result given 

true disease and the probability of a negative test result given disease absence.  

Positive predictive value is the probability that the disease is present when the 

test is positive while negative predictive value is the probability that the disease is 

not present when the test is negative.  The above definitions can be calculated 

from the previous chart as displayed in the chart below: 
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TABLE 5:  CALCULATION OF TEST DESCRIPTIVE STATISTIC S 
Sensitivity  a 

a + b  

Specificity  D 
c + d  

Positive 
Likelihood 
Ratio  

Sensitivity 
1 - Specificity  

Negative 
Likelihood 
Ratio  

1 - Sensitivity 
Specificity  

Positive 
Predictive 
Value  

a 
a + c  

Negative 
Predictive 
Value  

d 
b + d  

 
The sample size in the disease present and disease absent groups was 

equal and, therefore, did not reflect the real prevalence of the disease in the 

population as a whole.  Positive and negative predictive values depend upon the 

prevalence of disease in the population studied.  Therefore, likelihood ratios were 

calculated in lieu of predictive values.  Because it is calculated from the 

sensitivity and specificity, the likelihood ratio (LR) is a stable operating test 

characteristic (i.e., not effected by disease prevalence).   

A value of LR equal to 1.0 indicates that a test fails to change the opinion 

regarding disease probability from the pretest to posttest estimation.  Positive 

likelihood ratios (LR+) are greater than 1.0, and as the number increases, so 

does the likelihood of the patient having the disease after a positive test result.  

Negative likelihood ratios (LR-) have values less than 1.0, and smaller numbers 

indicate a lower risk for disease.  The following charts provide two common 

interpretations of likelihood ratios. 

 
 
 
 
 
 



 25 

 

TABLE 6: QUALITATIVE INTERPRETATION  
OF POSITIVE AND NEGATIVE LIKELIHOOD RATIOS  

Qualitative Strength  LR(+) LR(-) 

Excellent 10 0.1 

Very good 6 0.2 

Fair 2 0.5 

Useless 1 1 

  
TABLE 7:  ALTERNATIVE INTERPRETATION GUIDE FOR POSI TIVE AND 
NEGATIVE LIKELIHOOD RATIOS 
  Poor-fair Good Excellent 
Positive likelihood ratio 2.1 - 5.0 5.1 - 10.0 >10 
Negative likelihood ratio 0.5 - 0.2 0.19 - 0.1 <0.1 
 
STUDY OVERSIGHT 
 

This research study was approved by the Yale University School of 

Medicine Human Investigation Committee (HIC# 0810004330) who determined 

that signed consent from the patients was not necessary.  There were no risks to 

the patients as a result of this study.  Patients did not undergo any additional 

testing or questioning during this project.  No changes or additions were made to 

the patient’s medical record or within PACS.  Although the readers may have 

identified signs of osteopenia on a patient’s radiograph, which had not been 

noted in the report previously, this finding did not impact the patient’s medical 

care since all participating patients had also already received a diagnosis based 

on the gold-standard of bone mineral density testing by DXA.  A waiver of signed 

consent regarding the readers (physician-subjects) was also approved by the 

HIC, so only verbal consent from these physician-subjects was obtained and no 

personally identifiable information was recorded regarding them.   



 26 

RESULTS 

PATIENT PROFILE 

Of the 100 patients in this study cohort, 80 were female and 20 were male.  

Their ages ranged from 16 to 86 years with a mean of 57.85 and median of 60 

years as displayed in the following frequency histogram.  No information 

regarding ethnicity was available. 
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Fig. 1:  Frequency and distribution of ages of patients in the study sample. 
 

INTRAOBSERVER AGREEMENT: FIRST CHEST RADIOLOGIST 

 The following table demonstrates the analysis of intraobserver agreement 

between two trials for the first chest radiologist as determined using weighted 

kappa statistics.  The reader’s overall assessment of the presence/absence of 

osteopenia yielded “substantial” agreement with a value of kappa (Kw = 0.718) 
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that was higher than that of any the specific radiologic findings associated with 

osteopenia.  Of those specific findings, body shape (wedged) and end plates 

shape (fish vertebra) had the highest weighted kappa values of 0.654 and 0.638, 

respectively, which also corresponded to substantial intraobserver agreement.  

Both end plate definition compared to the vertebral body (Kw = 0.470) and vertical 

striations (Kw = 0.593) were associated with a moderate degree of intraobserver 

consistency.  The least intraosbserver agreement was observed for the empty 

box appearance (Kw = 0.162) and compression fractures (Kw = -0.014).   

TABLE 8: INTRAOBSERVER CONSISTENCY FOR 
READER 1 BASED ON WEIGHTED KAPPA 

Chest Radiologist #1  
Criteria Kw Strength of 

Agreement 
End Plates 
Definition  
(Compared to 
Vertebral Body) 

0.470 Moderate 

End Plates Shape 
(Fish Vertebra) 

0.638 Substantial 

Body Shape 
(Wedged) 

0.654 Substantial 

Compression 
Fractures 

-0.014 Poor 

Vertical Striations 0.593 Moderate 
Empty Box 0.162 Slight 
Presence of 
Osteopenia 

0.718 Substantial 

When the first chest radiologist’s responses were analyzed using 

Kendall’s Coefficient of Concordance, the highest statistically significant 

intraobserver agreement was, again, seen for the overall assessment of 

osteopenia (W = 0.865317; p = 0.0000).  As in the analysis using weighted kappa 

values, compression fractures had the lowest concordance (W = 0.492230).  
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Because the p value was 0.5246, the association between the first and second 

reading was not greater than that expected by chance alone.  The empty box 

appearance (W = 0.605198) also did not reach statistical significance (p = 

0.0758).  For all other specific radiologic findings, p < 0.05 (0.0046, 0.0001, 

0.0001, and 0.0006), so the null hypothesis was rejected thus supporting the 

hypothesis that the ratings for those criteria were significantly associated with 

one another.  For each of these statistically significant associations, the 

concordance was high with W = 0.712959 for end plates definition compared to 

vertebral body, W = 0.820927 for fish vertebra, W = 0.803161 for wedged body 

shape, and W = 0.761598 for vertical striations. 

TABLE 9: INTRAOBSERVER CONSISTENCY FOR 
READER 1 BASED ON KENDALL’S COEFFICIENT  

Chest Radiologist #1  
Criteria W 

 
P value 

End Plates 
Definition  
(Compared to 
Vertebral Body) 

0.712959 0.0046 

End Plates Shape 
(Fish Vertebra) 

0.820927 0.0001 

Body Shape 
(Wedged) 

0.803161 0.0001 

Compression 
Fractures 

0.492230 0.5246 

Vertical Striations 0.761598 0.0006 
Empty Box 0.605198 0.0758 
Presence of 
Osteopenia 

0.865317 0.0000 
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INTRAOBSERVER AGREEMENT: SECOND CHEST RADIOLOGIST 

 The following table also displays the analysis of intraobserver agreement 

for the second chest radiologist across two trials.  As for the first reader, the 

overall assessment of osteopenia demonstrated “substantial” agreement (Kw = 

0.630).  Likewise, the specific criterion of end plate shape (fish vertebra) had 

substantial agreement (Kw = 0.712).  Specific findings associated with “moderate” 

agreement included end plates definition compared to vertebral bodies (Kw = 

0.540), wedged body shape (Kw = 0.533), and the empty box appearance (Kw = 

0.577).  Vertical striations resulted in fair agreement (Kw = 0.365).  As with the 

first reader, the least agreement was seen for compression fractures (Kw = 

0.179).   

TABLE 10: INTRAOBSERVER 
CONSISTENCY FOR READER 2 
BASED ON WEIGHTED KAPPA 

Chest Radiologist #2  
Criteria Kw Strength of 

Agreement 
End Plates 
Definition  
(Compared 
to Vertebral 
Body) 

0.540 Moderate 

End Plates 
Shape (Fish 
Vertebra) 

0.712 Substantial 

Body Shape 
(Wedged) 

0.533 Moderate 

Compression 
Fractures 

0.179 Slight 

Vertical 
Striations 

0.365 Fair 

Empty Box 0.577 Moderate 
Presence of 
Osteopenia 

0.630 Substantial 
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When the results for the second chest radiologist were analyzed using 

Kendall’s Coefficient of Concordance, the highest degree of intraobserver 

agreement occurred for end plates shape/fish vertebra (W = 0.864783), the 

empty box appearance (W = 0.837777), and the presence of osteopenia (W = 

0.808476).  The overall assessment as well as each of the specific radiographic 

findings were statistically significant (p < 0.05) except for compression fractures 

(W = 0.597192; p = 0.0920).  Thus, for all criteria except compression fractures, 

the null hypothesis was rejected and the data supported the hypothesis that the 

ratings across the two trials were significantly associated with one another.   

TABLE 11: INTRAOBSERVER CONSISTENCY 
FOR READER 2 BASED ON KENDALL’S 
COEFFICIENT 

Chest Radiologist #2  
Criteria W P value 
End Plates 
Definition  
(Compared to 
Vertebral Body) 

0.773715 0.0004 

End Plates Shape 
(Fish Vertebra) 

0.864783 0.0000 

Body Shape 
(Wedged) 

0.793838 0.0002 

Compression 
Fractures 

0.597192 0.0920 

Vertical Striations 0.713955 0.0034 
Empty Box 0.837777 0.0002 
Presence of 
Osteopenia 

0.808476 0.0001 

 
INTEROBSERVER AGREEMENT: BOTH CHEST RADIOLOGISTS 

 The consistency between the responses of both chest radiologists on the 

first read was substantial for the specific radiographic finding of a wedged 

vertebral body shape, which yielded the highest kappa (Kw = 0.622) and 
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Kendall’s coefficient (W = 0.780020; p = 0.0003).  A moderate degree of 

agreement was found for end plate shape/fish vertebra which had the next 

highest kappa (Kw = 0.45) and Kendall’s coefficient (W = 0.724328; p = 0.0025).  

The consistency for the overall assessment of osteopenia had a Kw of 0.383, 

which is only fair.  Vertical striations (Kw = 0.295) and the empty box appearance 

(Kw = 0.387) were fair.  However, only the presence of osteopenia (W = 

0.688669) and vertical striations (W = 0.632159), but not the empty box 

appearance (W = 0.631779) showed statistically significant relationships (p < 

0.05) based on Kendall’s coefficients.  The two chest radiologists demonstrated 

the least amount of agreement over end plate definition compared to the 

vertebral body (Kw = 0.175; W = 0.600670) and compression fractures (Kw = 

0.141; W = 0.645192), which also did not meet the criteria for statistical 

significance (p < 0.05) using Kendall’s coefficients. 

TABLE 12: INTEROBSERVER AGREEMENT FOR BOTH CHEST 
RADIOLOGISTS USING WEIGHTED KAPPA AND KENDALL’S 
Criteria  Kw Strength of Agreement W P value 
End Plates 
Definition  
(Compared to 
Vertebral 
Body) 

0.175 Slight 0.600670    0.0882 
 

End Plates 
Shape (Fish 
Vertebra) 

0.45 Moderate 0.724328    0.0025 

Body Shape 
(Wedged) 

0.622 Substantial 0.780020    0.0003 

Compression 
Fractures 

0.141 Slight 0.645192    0.0286 

Vertical 
Striations 

0.295 Fair 0.632159    0.0389 

Empty Box 0.387 Fair 0.631779    0.0579 
Presence of 
Osteopenia 

0.383 Fair 0.688669    0.0076 
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EFFECT OF OBSERVER BIAS ON OBSERVER AGREEMENT 

 It is possible that some of the interobserver disagreement was due to 

reader bias.  An idea of possible reader bias can be obtained by examining the 

following frequency distribution graphs plotted for the overall assessment of 

osteopenia for each observer’s first reading.  As can be seen, the first chest 

radiologist was less “uncertain” (rating 3) than the second chest radiologists in 

terms of the frequency of response.   

6543210

35

30

25

20

15

10

5

0

Overall Assessment of Osteopenia

Fr
e
q
u
e
n
c
y

Mean 2.88

StDev 1.343

N 100

Response Frequency: First Chest Radiologist

 
Fig. 2:  Response frequency for the first chest rad iologist.  Values on the x-
axis correspond to ratings on the Likert scale for the overall assessment of 
osteopenia.   
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Fig. 3:  Response frequency for the second chest ra diologist.  Values on 
the x-axis correspond to ratings on the Likert scal e for the overall 
assessment of osteopenia.   
 

In addition to reader bias, differences in the frequency and distribution of 

responses may reflect a disproportionate number of diseased and non-diseased 

test cases.  While the study was designed to eliminate this possible confounder 

by assigning each group an equal number of cases, the non-chest radiologist 

only read a subset of randomly selected cases.  Post-hoc analysis (which can be 

found in Appendix B) revealed that the prevalence of disease in this subset of 

cases was slightly lower than that of the total sample.  This most likely accounts 

for the preponderance of “definitely absent” (rating 1) responses by the non-chest 

radiologist. 
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Fig. 4:  Response frequency for the non-chest radio logist.  Values on the x-
axis correspond to ratings on the Likert scale for the overall assessment of 
osteopenia.   
 
ACCURACY ASSESSMENT 

As summarized in the following three charts grouped by individual reader, 

specificity was generally high while sensitivity was relatively low.  Although DXA 

can be measured at multiple anatomic locations, the worst score of either the 

spine or hip is used clinically as the gold standard for osteoporosis diagnosis (4; 

5).  This was the same approach used in the present study to categorize cases 

into one of three experimental groups for the intra- and interobserver consistency 

assessments.  However, accuracy assessments were made for each of the 

anatomic sites, using the T- and Z-scores corresponding to that specific site, to 

determine which cases would be classified as having true disease.  Correlating 

the specific findings to the different DXA measurement sites showed some 
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variability in sensitivity and specificity.  For the overall assessment of osteopenia, 

no particular site appeared to be better except the lumbar spine for one reader.   

For all three radiologists, the highest specificities were related to 

compression fractures.  Specifically, the specificity for compression fractures, as 

rated by the first chest radiologist, was 100% when BMD was measured in the 

hip, femoral neck, and trochanter and 97.62% when measured in the lumbar 

spine.  When the second chest radiologist rated compression fractures, the 

specificity was 100% for the trochanter comparison and similarly high in the 

lumbar spine (95.24%), hip (98.18%), and femoral neck (97.87%).  Finally, there 

was 100% specificity across all DXA measurement locations as rated by the non-

chest radiologist.   

The empty box appearance also had extremely high specificities across all 

readers and locations.  Specifically, the specificity was 100% for the lumbar 

spine, femoral neck, and trochanter and 98.18% for the hip as rated by the first 

chest radiologist.  The second chest radiologist’s specificity values were 100% in 

the lumbar spine, 95.24% in the hip, 97.30% in the femoral neck, and 96.77% in 

the trochanter.  The specificity was 100% in all locations when rated by the non-

chest radiologist.  However, the empty box appearance was very rare as the 

radiologists only identified a maximum of 6 cases out of 100 with the finding.   
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TABLE 13: SENSITIVITIES AND SPECIFICITIES FOR FIRST  CHEST RADIOLOGIST 
 End Plates 

Definition  
(Compared 
to Vertebral 
Body) 

End 
Plates 
Shape 
(Fish 
Vertebra) 

Body 
Shape 
(Wedged) 

Compression 
Fractures 

Vertical 
Striations 

Empty 
Box 

Osteopenia?  

L – Spine        
Sensitivity 
(95% CI) 

20.37% 34.38% 31.03% 1.75% 18.97 10.34 51.72% 

Specificity 
(95% CI) 

71.43% 76.19% 76.19% 97.62% 85.71 100.00 69.05% 

Hip        
Sensitivity 
(95% CI) 

21.62% 42.5% 35.00% 5.13% 20.00 10.00 60.00% 

Specificity 
(95% CI) 

74.55% 78.18% 76.36% 100.00% 87.27 98.18 70.91% 

Fem Neck        
Sensitivity 
(95% CI) 

21.74% 34.69% 34.69% 4.17% 18.37 12.24 59.18% 

Specificity 
(95% CI) 

71.74% 74.47% 76.60% 100.00% 85.11 100.00 72.34% 

Trochanter        
Sensitivity 
(95% CI) 

27.78% 35.90% 35.90% 5.26% 20.51 10.26 51.28% 

Specificity 
(95% CI) 

71.05% 73.68% 71.05% 100.00% 84.21 100.00 68.42% 

 
TABLE 14: SENSITIVITIES AND SPECIFICITIES FOR SECON D CHEST RADIOLOGIST 

 End Plates 
Definition  
(Compared 
to Vertebral 
Body) 

End 
Plates 
Shape 
(Fish 
Vertebra) 

Body 
Shape 
(Wedged) 

Compression 
Fractures 

Vertical 
Striations 

Empty 
Box 

Osteopenia?  

L – Spine        
Sensitivity 
(95% CI) 

50.00% 45.61% 24.14% 7.02% 3.45% 12.50% 44.83% 

Specificity 
(95% CI) 

76.19% 69.05% 85.71% 95.24% 97.62% 100.00% 92.86% 

Hip        
Sensitivity 
(95% CI) 

45.00% 52.50% 27.50% 7.69% 7.50% 9.09% 37.50% 

Specificity 
(95% CI) 

63.64% 68.52% 83.64% 98.18% 100.00% 95.24% 76.36% 

Fem Neck        
Sensitivity 
(95% CI) 

42.86% 46.94% 24.49% 8.33% 4.08% 12.82% 34.69% 

Specificity 
(95% CI) 

63.83% 69.57% 82.98% 97.87% 97.87% 97.30% 76.60% 

Trochanter        
Sensitivity 
(95% CI) 

43.59% 51.28% 30.77% 10.53% 7.69% 9.68% 41.03% 

Specificity 
(95% CI) 

63.16% 67.57% 84.21% 100.00% 100.00% 96.77% 78.95% 
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TABLE 15: SENSITIVITIES AND SPECIFICITIES FOR NON-C HEST RADIOLOGIST 
 End Plates 

Definition  
(Compared 
to Vertebral 
Body) 

End 
Plates 
Shape 
(Fish 
Vertebra) 

Body 
Shape 
(Wedged) 

Compression 
Fractures 

Vertical 
Striations 

Empty 
Box 

Osteopenia?  

L – Spine        
Sensitivity 
(95% CI) 

19.05% 0.00% 9.52% 0.00% 9.52% 0.00% 14.29% 

Specificity 
(95% CI) 

81.25% 94.12% 88.24% 100.00% 82.35% 100.00% 82.35% 

Hip        
Sensitivity 
(95% CI) 

20.00% 0.00% 13.33% 0.00% 13.33% 0.00% 20.00% 

Specificity 
(95% CI) 

83.33% 94.74% 89.47% 100.00% 89.47% 100.00% 89.47% 

Fem Neck        
Sensitivity 
(95% CI) 

22.22% 0.00% 11.11% 0.00% 16.67% 0.00% 16.67% 

Specificity 
(95% CI) 

82.35% 94.44% 88.89% 100.00% 88.89% 100.00% 83.33% 

Trochanter        
Sensitivity 
(95% CI) 

23.08% 0.00% 23.08% 0.00% 15.38% 0.00% 23.08% 

Specificity 
(95% CI) 

78.57% 93.33% 100.00% 100.00% 86.67% 100.00% 93.33% 

 
 As can be seen in the chart below, most of the highest positive likelihood 

ratios were related to an overall assessment of osteopenia.  This was true for all 

three radiologists.  For the first chest radiologist, the best +LRs regarding overall 

osteopenia were found in the hip (2.06), femoral neck (2.14), and lumbar spine 

(2.03).  For the second chest radiologist, the best sites were in the lumbar spine 

(6.28) and trochanter (1.95).  Finally, for the non-chest radiologist, the best sites 

for a +LR of overall osteopenia were the trochanter (3.46) and hip (1.90).  It is 

important to note that the highest +LR in the entire study was the 6.28 found for 

the osteopenia assessment in the lumbar spine as rated by the second chest 

radiologist.  Along with this very good +LR, the –LR of 0.59 approached a fair 

strength as well.    
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TABLE 16: BEST POSITIVE LIKELIHOOD RATIOS 
Radiologist Finding Location +LR Strength 
First Chest  Empty Box Hip 5.50 Very Good 
Second Chest  Osteopenia? Lumbar Spine 6.28 Very Good 
First Chest  End Plate Shape (Fish Vertebra) Hip 1.95 Fair 
First Chest  Osteopenia? Hip 2.06 Fair 
First Chest Osteopenia? Femoral Neck 2.14 Fair 
First Chest Osteopenia? Lumbar Spine 2.03 Fair 
Second Chest End Plates Definition Lumbar Spine 2.10 Fair 
Second Chest Body Shape (Wedged) Trochanter 1.95 Fair 
Second Chest  Compression Fractures Hip 4.23 Fair 
Second Chest Compression Fractures Femoral Neck 3.92 Fair 
Second Chest Vertical Striations Femoral Neck 1.92 Fair 
Second Chest Empty Box Hip 1.91 Fair 
Second Chest Empty Box Femoral Neck 4.74 Fair 
Second Chest Empty Box Trochanter 3.00 Fair 
Second Chest Osteopenia? Trochanter 1.95 Fair 
Non-Chest Osteopenia? Hip 1.90 Fair 
Non-Chest Osteopenia? Trochanter 3.46 Fair 
 

For further reference, Appendix B contains extensive charts which detail 

all descriptive statistics with 95% confidence intervals across all DXA 

measurement locations for each radiologist.  Listings of the exact number of 

cases, true positives, false positives, true negatives, and false negatives can also 

be found in the appendix.  
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DISCUSSION 
 

Overall, radiologists were good at identifying signs of late, but not  

early, disease.  Intraobserver consistency was substantial for fish vertebrae  

with moderate interobserver agreement.  Similarly for wedged vertebrae, 

intraobserver consistency was substantial to moderate with substantial 

interobserver agreement.  These radiographic signs correlated with true  

disease as shown by high specificity values.  Therefore, this study indicates  

that if osteopenia is suspected (i.e., there is a wedge or fish vertebra) or its 

associated features are seen on a CXR, it is crucial for radiologists to  

comment on it.   

Indeed, for the majority of radiographic findings, intraobserver  

agreement was greater than or equal to the Kw = 0.5 cutoff suggested by  

Kramer and Feinstein (21) as indicative of adequate reader consistency, but 

interobserver agreement was slightly less in general.  Specificity was  

generally high across all readers and variables while sensitivity was relatively 

low.  Many of the highest positive likelihood ratios (+LR) were related to an 

overall assessment of osteopenia.  This was true for all three radiologists.   

The highest specificities (at or near 100%) were related to  

compression fractures.  Williamson et al. (16) similarly found a general overall 

correlation between BMD as determined by dual photon densitometry of  

vertebral bodies and lateral chest film assessment, but concluded that there  

was little ability to reliably diagnose osteoporosis in the absence of vertebral 

compression fractures.   
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INTERPRETATION OF INTEROBSERVER CONSISTENCY 

Prior research (30) has suggested that radiologists may perceive an 

overall impression of a given chest film by applying a mental template rather  

than summing multiple decisions regarding specific criteria.  In other words, 

radiologists may rely on a Gestalt rather than the presence or absence of  

specific findings.  The results of this study showed that, whatever template  

the radiologists employed to come to their conclusions about the presence or 

absence of osteopenia, they were individually able to consistently evaluate  

lateral chest films for this finding.   

However, the threshold or trigger point for positive or negative disease 

differed between the radiologists.   The interobserver variability might reflect  

the inclusion of both osteopenia and osteoporosis cases in this study.  It is 

possible that these readers were able to diagnose severe osteoporosis fairly 

confidently, but differed in their assessments of more subtle cases (i.e., mildly 

osteopenic patients).  Future research could be done to sort this out by 

comparing the osteopenic and osteoporotic experimental groups directly. 

A logical question is whether or not the findings of this study are 

applicable to radiologists who do not specialize in chest radiology, so the  

ratings from a non-chest radiologist were individually compared to the first  

and second chest radiologists on a subset of cases.  Interestingly, only a fair 

level of agreement was seen regarding the overall assessment of osteopenia.  

Again, this may reflect differing thresholds for making a diagnosis of  
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osteopenia.  Of note, the degree of consistency between the non-chest 

radiologist and the two chest radiologists for the specific findings of wedged  

body shape and end plate shape/fish vertebra was much lower than the  

degree of agreement between the two chest radiologists.  Differences in  

training and experience were less likely to have accounted for the variation 

between the two chest radiologists because they both routinely see chest  

films.  This may have been a source of difference in the readings between the 

chest and non-chest radiologist.  Unfortunately, the numbers were very small  

for this subset.   

Training during the course of the research project is another potential 

source of interobserver variation as the radiologists may have become more 

adept at looking for osteopenia and its components with practice.  This was 

minimized by using only the ratings from the first read for analysis of 

interobserver agreement.  In theory, it could have had a negative impact on  

the intraobserver consistency; however, intraobserver consistency was  

already substantially high in this study.   

It is possible that some of the observed interobserver disagreement  

was due to reader bias.  Radiologists may tend to over- or under-call findings 

relative to other radiologists, while they are usually consistent within  

themselves.  For example, prior research (30) has demonstrated that some 

radiologists (so-called "wet" readers) have a lower threshold for calling CHF, 

while other radiologists (“dry” readers) have a higher trigger point.  Based  

upon the frequency distribution graphs for the overall assessment of  
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osteopenia for each observer’s first reading, the first chest radiologist was  

less “uncertain” than the second chest radiologists in terms of the frequency  

of response.  This might reflect a more cautious approach or less experience  

on the part of the second reader compared to the first.  Additionally, the non-

chest radiologist exhibited more “definitely absent” ratings, which was  

reflective of the slightly lower prevalence of true disease in the subset of  

cases examined by the non-chest radiologist as compared to the total sample 

reviewed by the chest radiologists. 

COMPARISON TO GOLD STANDARD 

When evaluating the accuracy of a clinical test, it is important to  

compare the observers’ findings with the true disease status (i.e., results from  

a gold standard test) (31).  Because intra- and interobserver statistics do not 

make a comparison to the gold standard, these ratings may not necessarily  

have been correct, even though they were consistent.  However, intra- and 

interobserver statistics are still expedient to determining the usefulness of a  

test.  If a test is wonderfully accurate, but no one can reproduce it, then it is  

not really very good.   

The higher the sensitivity and specificity of a test, then the greater its 

accuracy is.  In an ideal world, the perfect test would have a sensitivity of  

100% and specificity of 100% (i.e., minimal false negative and false positive 

results).  However, this is rarely the case.  No general agreement exists 

regarding what constitutes an acceptable level of sensitivity and specificity.  
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Often the acceptable levels vary depending upon the intent of the test, the 

prevalence of the condition in the test group, the availability of alternate  

methods for assessment as well as the cost versus benefits of testing (35).   

Using different cut-off criteria for either the test or the gold standard will 

result in different values for sensitivity and specificity.  Selecting a higher cut- 

off causes the false positives to decrease and the specificity to increase, but  

the true positives and sensitivity will decrease.  Selecting a lower cut-off 

increases the true positives and sensitivity, but also increases the false  

positives and true negatives, so specificity decreases.  In the present study,  

the cut-off values for the gold standard were set by the WHO guidelines (5),  

but the cut-offs for the reader response ratings could have been different.   

When the data was dichotomized, the Likert scale ratings of “definitely 

osteopenic” (value 5) and “probably osteopenic” (value 4) were combined.  If, 

instead, value 4 had been added to values 1-3, then the specificity of the test 

may have been higher because only cases which the reader labeled as 

“definitely osteopenic” would have been counted as a “positive” test result.  

Although, the specificity values were already high in the present study, it  

would be interesting to evaluate the data using this alternative cut-off in the  

future for comparison. 

Since different diagnostic tests for the same disease trade sensitivity  

for specificity and vice versa, physicians often use more than one test to  

make a diagnosis.  A highly sensitive test is ideal to screen for a disease; a 

highly specific test is best to confirm (19).  In other words, a highly sensitive  
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test with a negative result is good at ruling-out a disease while a highly  

specific test with a positive result is good at ruling-in the disease.  Given the  

low sensitivity of CXR identification of osteopenia and its associated features,  

the findings of this study suggests that this method should not be used in  

place of DXA as a screening method, and radiologists should be reluctant to 

comment on the absence of osteopenia.  However, given the high specificity,  

the results of this study show that, if osteopenia is suspected (i.e., there is a 

wedge or fish vertebra) or its associated features are seen on a CXR (i.e., a 

positive test result), it is crucial to comment on it since the finding likely 

represents true disease. 

It may be helpful to consider the example of another commonly used 

clinical test in order to understand these findings.  Zaman et al. (36) reported  

the sensitivity and specificity of the nitrite dipstick test in diagnosing urinary  

tract infections (UTIs) in hospitalized inpatients to be 27% and 94%,  

respectively. The sensitivity is low, but the specificity is high.  With its low 

sensitivity, a patient may indeed have a UTI, but test negative. On the other 

hand, given its high specificity such that so many people without the test have  

a negative test result, if a patient should test positive, it is likely that the patient 

does have a UTI. This illustrates how a highly specific test is most helpful to a 

clinician when the result is positive. 

A diagnostic test is best used to supplement rather than substitute for 

clinical judgment, but calling attention to positive cases of osteopenia could  
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help, for instance, in the setting of patients who have not received a DXA 

screening test.  This might include women whose physicians are waiting till  

age 65 for DXA screening to be initiated based on the current practice  

guidelines (37) or women who do not have access to routine primary care.   

This is especially important in emergency room and inpatient units which treat  

a high percentage of the latter group of patients.  Ghelback et al. (38) found  

that fewer than one-quarter of 65 hospitalized women were diagnosed with a 

vertebral fracture on their chest radiograph report and even fewer were  

treated for osteoporosis.  Another group who could potentially be helped by  

the ability of chest plain films to suggest osteoporosis are women who do not 

meet their clinician’s idea of “at-risk.”  For example, Neuner et al. (39) found  

that women younger than 50 as well as those 90 and older were less likely to  

be diagnosed with osteoporosis, whereas women with a prior hip or radial 

fracture or back pain were more likely to be diagnosed with osteoporosis.  

Further, clinicians have been shown to be less likely to diagnose osteoporosis  

in men and premenopausal women (39) despite the high prevalence of 

secondary causes of osteoporosis in men (40).  Research has shown that 

primary care physicians may see postmenopausal women with atraumatic 

vertebral compression fractures as good candidates for osteoporosis  

treatment without BMD testing (41; 42).  However, even for these patients  

who have been correctly identified as “at-risk,” formal diagnostic testing has  

been shown to increase rates of treatment and to help in monitoring the 

effectiveness of treatment (43; 44). 
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DIFFERENT DXA MEASUREMENT SITES 

The following is a discussion of the relationship of the individual 

sensitivities and specificities with varying DXA measurement sites.  An  

important caveat is that even a small amount of error in a gold standard  

(which is the best, but by no means, the perfect test of true disease) can  

create the incorrect appearance of considerable error in the test that is being 

investigated (32).  One possible source of error in the gold standard of DXA is 

that BMD can be measured at multiple locations; the lumbar spine, hip,  

femoral neck, and trochanter are common sites.  Though not observed in the 

present study, past research has shown that BMD is not always consistent 

across locations.  For example, Reinbold et al. (33) found that readings of the 

spine versus appendicular regions did not correlate well.  Another study 

demonstrated discrepancies in the proportion of women with osteoporosis  

when comparisons were made between the spine and hip (34).  Part of the 

variability may be due to confounding factors specific to individual patients at 

each site.  For example, aortic calcification may result in a falsely elevated  

BMD as measured in the lumbar spine while increased abdominal adiposity  

may result in a falsely decreased BMD in this same region.  Fibrosis  

secondary to degenerative joint disease may yield an increased BMD in  

multiple regions; although, the degree of sclerosis and formation of  

osteophytes may actually be diminished in elderly patients with osteoporosis  

(9).  Compression fractures are a sequela of osteopenia, but they may  

contribute to an elevated BMD measurement by DXA secondary to  
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compaction of trabeculae and callus formation.  The area of greatest  

vulnerability in the hip is the femoral neck, but this is an anatomically small 

region, so the DXA reading is subject to fairly wide confidence intervals. 

In the present study, correlating the specific findings to the different  

DXA measurement sites showed some variability in sensitivity and specificity 

values.  For the overall assessment of osteopenia, no particular site appeared  

to be better except the lumbar spine for one reader. 

STUDY LIMITATIONS 

The study’s cohort was limited to one medical center, but images had 

been previously obtained using different machines.  However, all instruments 

were presumably calibrated using the manufacturer's internal standard, and  

all testing was conducted by licensed technicians who had completed training  

by the manufacturer of the equipment they were using.  Further, all DXA  

reports had been performed by the same radiologist.   

IMPLICATIONS 

Once radiologists begin to include findings of osteopenia in their 

impressions, the effect of this practice could be assessed with regard to  

referral patterns for bone density testing.  Neuner et al. (39) found that out of 

over 200 patients who had vertebral compression fractures noted on routine 

radiographs, only 38% were subsequently diagnosed by their primary care 

physician as having osteoporosis and only 32% received prescription 

medications for osteoporosis.  Patients with vertebral compression fractures 
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benefit from osteoporosis treatment and recent randomized controlled trials 

confirm that recurrent vertebral (46; 47) and hip (48) fractures can be  

prevented in these patients.  However, patients with hip and radial (49-52) 

fractures are unlikely to be treated for osteoporosis. 

If primary care physicians did not act upon a radiologist’s report of a 

fracture, then it is unlikely that they will do so for other specific features or a 

general assessment of osteopenia.  In the Neuner et al. (39) study, a lack of 

diagnosis and follow-up were associated with documentation of fracture in the 

“body” (rather than the “impression”) section of the radiograph report.  Thus,  

in order to effect a change in treatment based on radiographic reports, it will  

likely be necessary to educate practicing radiologists and their trainees to the 

significance of expressing their findings in a way that will indicate their 

importance.  This will likely translate into less usage of such stock phrases as 

“the bones are unremarkable” and the inclusion of such findings as  

compressions fractures and fish shaped vertebral bodies as line items in the 

impression of a report.  It will not only be important to remind radiologists of  

the significance of findings previously felt to be incidental, but to remind them  

that compression fractures of the vertebrae are not a “normal”  

accompaniment of aging.  By including these findings in the impression of the 

report, there will be an increased chance that clinicians will note them and act 

upon them.  

Because effective interventions for women with osteoporosis exist, the 

disability associated with osteoporosis is no longer an inevitable result of  



 49 

aging but rather a preventable disease (4).  Therefore, it is expedient to the 

promotion of women’s health to identify women who should receive a work-up  

for osteoporosis.  The findings of this study will help achieve that goal by 

providing the impetus for a major change in the practice of chest radiology.   
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APPENDIX A 
 

 
Reader ID _______  Patient  ID  _______  DATE _______ 
 
Please Circle one of the following:     First Read (Creation Date Triangle UP) 
      Second Read (Creation Date Triangle DOWN) 
 
END PLATES: DEFINITION compared to vertebral body 
 1  2  3  4  5 
 Definitely  Probably Uncertain Probably Definitely  
 Normal Normal   too Prominent too Prominent  
 
END PLATES: SHAPE (FISH MOUTH) 
 1  2  3  4  5 
 Definitely  Probably Uncertain Probably Definitely 
 Normal Normal   Concave Concave 
 
BODY SHAPE (wedged) 
 1  2  3  4  5 
 Definitely  Probably Uncertain Probably Definitely 
 Normal Normal   Wedged Wedged 
 
COMPRESSION FRACTURES (decreased height anterior and posterior) 

1  2  3  4  5 
 Definitely  Probably Uncertain Probably Definitely 
 Absent  Absent    Present  Present  
 
VERTICAL STRIATIONS 

1  2  3  4  5 
 Definitely  Probably Uncertain Probably Definitely 
 Absent  Absent    Prominent Prominent 
 
EMPTY BOX  

1  2  3  4  5 
 Definitely Probably Uncertain Probably Definitely 
 Absent  Absent    Present  Present 
 
OSTEOPENIA (OSTEOPOROSIS) 
 1  2  3  4  5 
 Definitely Probably Uncertain Probably Definitely 
 Absent  Absent    Present  Present 
 
DO YOU ROUTINELY COMMENT ON SPINE ON CXR FOR OSTEOPENIA? 
 
 Never  Almost Never  Sometimes  Almost Always 
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APPENDIX B 
 
INTRAOBSERVER AGREEMENT: FIRST CHEST RADIOLOGIST 
Intraobserver Agreement: First Radiologist, End Pla tes Definition (Compared to 
Vertebral Body), N=93 
 
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
             1          0.258225  0.103695   2.4902 3     0.0064 
             2         -0.148148  0.103695  -1.4286 9     0.9235 
             3         -0.033333  0.103695  -0.3214 6     0.6261 
             4          0.424149  0.103695   4.0903 4     0.0000 
             5          0.489011  0.103695   4.7158 5     0.0000 
             Overall    0.212198  0.069248   3.0643 2     0.0011 
 
Cohen's Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
             1          0.275912  0.098354   2.8052 9     0.0025 
             2         -0.148148  0.103695  -1.4286 9     0.9235 
             3          0.000000  0.000000         *          * 
             4          0.428132  0.101283   4.2271 0     0.0000 
             5          0.491803  0.089307   5.5069 1     0.0000 
             Overall    0.223382  0.066364   3.3660 0     0.0004 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq   DF P 
0.712959    131.185   92   0.0046 
 

  First Read  

Second Read  1  2 3 4 5 

1 43 10 6 6 1 

2 7 0 0 5 0 

3 
 

0 0 0 0 0 

4 2 2 0 9 1 

5 
 

0 0 0 0 1 

Weighted Kappa  0.47 

Standard error (Kw'=0)  0.097 

Standard error (Kw'#0)  0.097 
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Intraobserver Agreement: First Radiologist, End Pla tes Shape (Fish Vertebra), 
N=98 
 
Fleiss' Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
           1         0.348693  0.101015  3.45188     0.0003 
           2         0.034203  0.101015  0.33859     0.3675 
           3         0.218085  0.101015  2.15893     0.0154 
           4         0.442286  0.101015  4.37841     0.0000 
           5         0.184789  0.101015  1.82932     0.0337 
           Overall   0.279359  0.062014  4.50474     0.0000 
 
Cohen's Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
           1         0.381833  0.090040  4.24073     0.0000 
           2         0.068753  0.090799  0.75721     0.2245 
           3         0.220159  0.097543  2.25706     0.0120 
           4         0.447820  0.098629  4.54044     0.0000 
           5         0.185273  0.100329  1.84666     0.0324 
           Overall   0.300599  0.056966  5.27680     0.0000 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.820927   159.260  97  0.0001 
 

  First Read  

Second Read  1  2 3 4 5 

1 22 4 0 0 0 

2 19 6 2 4 0 

3 
 

1 0 1 1 0 

4 5 5 2 18 4 

5 
 

1 0 0 2 1 

Weighted Kappa  0.638 

Standard error (Kw'=0)  0.097 

Standard error (Kw'#0)  0.068 
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Intraobserver Agreement: First Radiologist, Body Sh ape (Wedged), N=100 
  
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
           1          0.532492  0.100000   5.32492     0.0000 
           2          0.385561  0.100000   3.85561     0.0001 
           3         -0.005025  0.100000  -0.05025     0.5200 
           4          0.310470  0.100000   3.10470     0.0010 
           5          0.385561  0.100000   3.85561     0.0001 
           Overall    0.424874  0.067844   6.26248     0.0000 
 
Cohen's Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
           1         0.537893  0.097294  5.52852     0.0000 
           2         0.385561  0.100000  3.85561     0.0001 
           3         0.000000  0.000000        *          * 
           4         0.330986  0.088908  3.72278     0.0001 
           5         0.389313  0.095224  4.08838     0.0000 
           Overall   0.433198  0.063873  6.78214     0.0000 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
0.803161   159.026  99  0.0001 
 

  First Read 

Second Read  1 2  3 4 5 

1 59 3 1 11 0 

2 
 

4 3 0 0 0 

3 
 

0 0 0 0 0 

4 0 1 0 7 2 

5 
 

1 0 0 5 3 

Weighted Kappa  0.654 

Standard error (Kw'=0)  0.098 

Standard error (Kw'#0)  0.082 
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Intraobserver Agreement: First Radiologist, Compres sion Fractures, N=99 
 
Fleiss' Kappa Statistics 

Response       Kappa  SE Kappa          Z  P(vs > 0 ) 
    1         -0.0206186  0.100504  -0.205152     0 .5813 

           3         -0.0050761  0.100504  -0.05050 7     0.5201 
           4         -0.0102041  0.100504  -0.10152 9     0.5404 
           5         -0.0050761  0.100504  -0.05050 7     0.5201 
           Overall   -0.0140845  0.072941  -0.19309 5     0.5766 
 
Cohen's Kappa Statistics 

Response       Kappa  SE Kappa          Z  P(vs > 0 ) 
           1         -0.0153846  0.086588  -0.17767 6     0.5705 
           3          0.0000000  0.000000          *          * 
           4         -0.0102041  0.100504  -0.10152 9     0.5404 
           5          0.0000000  0.000000          *          * 
           Overall   -0.0102041  0.061020  -0.16722 5     0.5664 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
0.492230   96.4770  98  0.5246 
 
 

  First Read  

Second Read  1  3 4 5 

1 95 1 1 1 

3 
 

0 0 0 0 

4 
 

1 0 0 0 

5 
 

0 0 0 0 

Weighted Kappa  -0.014 

Standard error (Kw'=0)  0.083 

Standard error (Kw'#0)  0.011 
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Intraobserver Agreement: First Radiologist, Vertica l Striations, N=100 
 
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
            1          0.454365  0.100000   4.54365      0.0000 
            2          0.184783  0.100000   1.84783      0.0323 
            3         -0.020408  0.100000  -0.20408      0.5809 
            4          0.252492  0.100000   2.52492      0.0058 
            5         -0.041667  0.100000  -0.41667      0.6615 
            Overall    0.294533  0.066796   4.40943      0.0000 
 
Cohen's Kappa Statistics 

Response      Kappa   SE Kappa         Z  P(vs > 0)  
            1          0.455446  0.0995086   4.5769 4     0.0000 
            2          0.189189  0.0962784   1.9650 2     0.0247 
            3         -0.015228  0.0861584  -0.1767 5     0.5701 
            4          0.253112  0.0996551   2.5398 8     0.0055 
            5         -0.030928  0.0856911  -0.3609 2     0.6409 
            Overall    0.296703  0.0657789   4.5106 1     0.0000 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
0.761598   150.796  99  0.0006 

 

  First Read  

Second Read  1 2  3 4 5 

1 61 3 2 4 0 

2 7 2 0 1 0 

3 
 

0 1 0 0 0 

4 5 0 1 5 2 

5 
 

1 0 0 5 0 

Weighted Kappa  0.593 

Standard error (Kw'=0)  0.099 

Standard error (Kw'#0)  0.094 
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Intraobserver Agreement: First Radiologist, Empty B ox, N=100 
 
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
            1          0.204244  0.100000   2.04244      0.0206 
            2          0.218750  0.100000   2.18750      0.0144 
            3         -0.015228  0.100000  -0.15228      0.5605 
            4          0.290780  0.100000   2.90780      0.0018 
            5         -0.015228  0.100000  -0.15228      0.5605 
            Overall    0.199832  0.068496   2.91742      0.0018 
 
Cohen's Kappa Statistics 

Response      Kappa   SE Kappa         Z  P(vs > 0)  
            1          0.210526  0.0964753   2.1821 8     0.0145 
            2          0.220779  0.0965679   2.2862 6     0.0111 
            3         -0.013514  0.0941204  -0.1435 8     0.5571 
            4          0.295775  0.0935958   3.1601 3     0.0008 
            5         -0.013514  0.0941204  -0.1435 8     0.5571 
            Overall    0.204688  0.0654082   3.1294 0     0.0009 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.605198   119.829  99  0.0758 
 

  First Read  

Second Read  1 2  3 4 5 

1 78 1 1 2 2 

2 
 

4 1 0 0 0 

3 
 

2 0 0 0 0 

4 
 

5 1 0 2 0 

5 
 

1 0 0 0 0 

Weighted Kappa  0.162 

Standard error (Kw'=0)  0.098 

Standard error (Kw'#0)  0.132 
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Intraobserver Agreement: First Radiologist, Presenc e of Osteopenia, N=100 
 
Fleiss' Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
            1         0.649626  0.100000  6.49626     0.0000 
            2         0.345489  0.100000  3.45489     0.0003 
            3         0.023199  0.100000  0.23199     0.4083 
            4         0.255952  0.100000  2.55952     0.0052 
            5         0.405714  0.100000  4.05714     0.0000 
            Overall   0.358429  0.053728  6.67120     0.0000 
 
Cohen's Kappa Statistics 

Response     Kappa   SE Kappa        Z  P(vs > 0) 
            1         0.649682  0.0999493  6.50011     0.0000 
            2         0.348231  0.0990199  3.51678     0.0002 
            3         0.024390  0.0992536  0.24574     0.4029 
            4         0.261811  0.0980434  2.67036     0.0038 
            5         0.406934  0.0990590  4.10800     0.0000 
            Overall   0.360814  0.0531051  6.79433     0.0000 

 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.865317   171.333  99  0.0000 

 
  First Read  

Second Read  1 2  3 4 5 

1 14 4 1 1 0 

2 5 17 5 7 0 

3 
 

0 2 1 5 0 

4 0 4 2 13 5 

5 0 1 1 6 6 

Weighted Kappa  0.718 

Standard error (Kw'=0)  0.1 

Standard error (Kw'#0)  0.052 
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INTRAOBSERVER AGREEMENT: SECOND CHEST RADIOLOGIST 
 
Intraobserver Agreement: Second Radiologist, End Pl ates Definition (Compared to 
Vertebral Body), N=100 
 
Fleiss' Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
           1         0.164256  0.100000  1.64256     0.0502 
           2         0.064984  0.100000  0.64984     0.2579 
           3         0.096556  0.100000  0.96556     0.1671 
           4         0.269831  0.100000  2.69831     0.0035 
           5         0.312715  0.100000  3.12715     0.0009 
           Overall   0.157284  0.059434  2.64636     0.0041 
 
Cohen's Kappa Statistics 

Response     Kappa   SE Kappa        Z  P(vs > 0) 
           1         0.195545  0.0732569  2.66930     0.0038 
           2         0.065421  0.0998908  0.65492     0.2563 
           3         0.114555  0.0943265  1.21445     0.1123 
           4         0.273768  0.0988063  2.77075     0.0028 
           5         0.322034  0.0735093  4.38086     0.0000 
           Overall   0.166894  0.0571811  2.91870     0.0018 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.773715   153.195  99  0.0004 
 

  First Read  

Second Read  1 2  3 4 5 

1 
 

2 1 0 0 0 

2 11 11 7 3 0 

3 1 8 7 13 0 

4 0 10 3 18 0 

5 
 

0 0 0 4 1 

Weighted Kappa  0.54 

Standard error (Kw'=0)  0.097 

Standard error (Kw'#0)  0.067 
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Intraobserver Agreement: Second Radiologist, End Pl ates Shape (Fish Vertebra), 
N=99 
  
Fleiss' Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
           1         0.084874  0.100504  0.84449     0.1992 
           2         0.139130  0.100504  1.38433     0.0831 
           3         0.130173  0.100504  1.29521     0.0976 
           4         0.515583  0.100504  5.12999     0.0000 
           5         0.312500  0.100504  3.10934     0.0009 
           Overall   0.262411  0.059599  4.40293     0.0000 
 
Cohen's Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
           1         0.111746  0.087920  1.27100     0.1019 
           2         0.153846  0.096423  1.59553     0.0553 
           3         0.139918  0.095325  1.46780     0.0711 
           4         0.516047  0.100303  5.14486     0.0000 
           5         0.321918  0.073869  4.35796     0.0000 
           Overall   0.271853  0.057048  4.76534     0.0000 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
0.864783   169.497  98  0.0000 
 

  First Read  

Second Read  1  2 3 4 5 

1 
 

3 4 1 0 0 

2 17 12 5 2 0 

3 0 2 3 4 0 

4 0 6 7 28 0 

5 
 

0 0 0 4 1 

Weighted Kappa  0.712 

Standard error (Kw'=0)  0.098 

Standard error (Kw'#0)  0.044 
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Intraobserver Agreement: Second Radiologist, Body S hape (Wedged), N=100 
 
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
           1          0.219922  0.100000   2.19922     0.0139 
           2         -0.041667  0.100000  -0.41667     0.6615 
           3          0.078341  0.100000   0.78341     0.2167 
           4          0.369922  0.100000   3.69922     0.0001 
           5          0.456522  0.100000   4.56522     0.0000 
           Overall    0.213475  0.057930   3.68503     0.0001 
 
Cohen's Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
           1         0.313863  0.075912  4.13457     0.0000 
           2         0.005682  0.082290  0.06905     0.4725 
           3         0.100450  0.080022  1.25527     0.1047 
           4         0.375000  0.097313  3.85355     0.0001 
           5         0.463087  0.091534  5.05919     0.0000 
           Overall   0.262044  0.047932  5.46698     0.0000 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
0.793838   157.180  99  0.0002 
 

  First Read  

Second Read 1  2 3 4 5 

1 31 0 0 1 0 

2 20 2 2 0 0 

3 6 3 1 0 1 

4 10 3 0 9 0 

5 2 0 0 5 4 

Weighted Kappa  0.533     

Standard error (Kw'=0)  0.086     

Standard error (Kw'#0)  0.077     
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Intraobserver Agreement: Second Radiologist, Compre ssion Fractures, N=99 
 
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
           1         -0.086453  0.100504  -0.86020     0.8052 
           2          0.022222  0.100504   0.22111     0.4125 
           3          0.010291  0.100504   0.10240     0.4592 
           4          0.221348  0.100504   2.20239     0.0138 
           5         -0.010204  0.100504  -0.10153     0.5404 
           Overall    0.009684  0.064399   0.15037     0.4402 
 
Cohen's Kappa Statistics 

Response     Kappa   SE Kappa        Z  P(vs > 0) 
           1         0.098361  0.0573090  1.71632     0.0431 
           2         0.077998  0.0593867  1.31339     0.0945 
           3         0.087805  0.0411820  2.13212     0.0165 
           4         0.235099  0.0903951  2.60080     0.0047 
           5         0.000000  0.0000000        *          * 
           Overall   0.114894  0.0393687  2.91842     0.0018 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.597192   117.050  98  0.0920 
 

  First Read  

Second Read 1  2 3 4 5 

1 47 0 0 2 0 

2 15 1 0 0 0 

3 16 1 1 0 0 

4 11 0 0 3 0 

5 
 

1 0 0 1 0 

Weighted Kappa  0.179 

Standard error (Kw'=0)  0.068 

Standard error (Kw'#0)  0.095 
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Intraobserver Agreement: Second Radiologist, Vertic al Striations, N=100 
 
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
            1          0.205236  0.100000   2.05236      0.0201 
            2         -0.123596  0.100000  -1.23596      0.8918 
            3          0.169435  0.100000   1.69435      0.0451 
            4          0.326599  0.100000   3.26599      0.0005 
            5         -0.005025  0.100000  -0.05025      0.5200 
            Overall    0.141368  0.066659   2.12076      0.0170 
 
Cohen's Kappa Statistics 

Response      Kappa   SE Kappa         Z  P(vs > 0)  
            1          0.280880  0.0772908   3.6340 6     0.0001 
            2         -0.083744  0.0806574  -1.0382 7     0.8504 
            3          0.193548  0.0875139   2.2116 3     0.0135 
            4          0.342105  0.0753110   4.5425 7     0.0000 
            5          0.000000  0.0000000         *          * 
            Overall    0.192463  0.0535908   3.5913 4     0.0002 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.713955   141.363  99  0.0034 
 

  First Read 

Second Read 1  2 3 4 5 

1 52 1 1 0 0 

2 15 0 1 0 1 

3 14 2 4 0 0 

4 
 

3 2 2 2 0 

5 
 

0 0 0 0 0 

Weighted Kappa  0.365 

Standard error (Kw'=0)  0.082 

Standard error (Kw'#0)  0.088 
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Intraobserver Agreement: Second Radiologist, Empty Box, N=79 
 
Fleiss' Kappa Statistics 

Response      Kappa  SE Kappa         Z  P(vs > 0) 
            1          0.415995  0.112509   3.69744      0.0001 
            2          0.165493  0.112509   1.47093      0.0707 
            3          0.122222  0.112509   1.08633      0.1387 
            4          0.192180  0.112509   1.70814      0.0438 
            5         -0.019355  0.112509  -0.17203      0.5683 
            Overall    0.260768  0.069884   3.73143      0.0001 
 
Cohen's Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
            1         0.459913  0.094688  4.85712     0.0000 
            2         0.188356  0.094615  1.99075     0.0233 
            3         0.123613  0.111624  1.10741     0.1341 
            4         0.231254  0.091015  2.54083     0.0055 
            5         0.000000  0.000000        *          * 
            Overall   0.296122  0.059405  4.98483     0.0000 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.837777   130.693  78  0.0002 

 
  First Read  

Second Read 1  2 3 4 5 

1 37 0 0 0 0 

2 10 2 0 0 0 

3 6 0 2 0 0 

4 6 2 7 4 0 

5 
 

0 0 1 2 0 

Weighted Kappa  0.577 

Standard error (Kw'=0)  0.091 

Standard error (Kw'#0)  0.078 
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Intraobserver Agreement: Second Radiologist, Presen ce of Osteopenia, N=100 
 
Fleiss' Kappa Statistics 

Response     Kappa  SE Kappa        Z  P(vs > 0) 
            1         0.476592  0.100000  4.76592     0.0000 
            2         0.214454  0.100000  2.14454     0.0160 
            3         0.322417  0.100000  3.22417     0.0006 
            4         0.222571  0.100000  2.22571     0.0130 
            5         0.424105  0.100000  4.24105     0.0000 
            Overall   0.289544  0.056098  5.16142     0.0000 
 
Cohen's Kappa Statistics 

Response     Kappa   SE Kappa        Z  P(vs > 0) 
            1         0.477958  0.0984743  4.85363     0.0000 
            2         0.218750  0.0987718  2.21470     0.0134 
            3         0.325843  0.0985695  3.30572     0.0005 
            4         0.225000  0.0992157  2.26779     0.0117 
            5         0.429967  0.0913354  4.70757     0.0000 
            Overall   0.292956  0.0552333  5.30397     0.0000 
 
Kendall's Coefficient of Concordance 

Coef  Chi - Sq  DF       P 
       0.808476   160.078  99  0.0001 
 
 

  First Read  

Second Read  1 2  3 4 5 

1 5 6 0 0 0 

2 3 16 9 2 0 

3 0 4 11 5 0 

4 0 11 6 12 1 

5 
 

0 0 0 6 3 

Weighted Kappa  0.63 

Standard error (Kw'=0)  0.098 

Standard error (Kw'#0)  0.062 
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INTEROBSERVER AGREEMENT: CHEST RADIOLOGISTS 
 
Interobserver Agreement for Chest Radiologists: End  Plates Definition (Compared 
to Vertebral Body), First Trial, N=96  
 
Fleiss' Kappa Statistics 
Response       Kappa  SE Kappa          Z  P(vs > 0 ) 
1          0.0142090  0.102062   0.139219     0.444 6 
2          0.0857143  0.102062   0.839825     0.200 5 
3         -0.0267380  0.102062  -0.261978     0.603 3 
4          0.0768031  0.102062   0.752514     0.225 9 
5         -0.0212766  0.102062  -0.208467     0.582 6 
Overall    0.0422158  0.060025   0.703300     0.240 9 
 
Cohen's Kappa Statistics 
Response      Kappa   SE Kappa         Z  P(vs > 0)  
1          0.165724  0.0667280   2.48357     0.0065  
2          0.113300  0.0929143   1.21941     0.1113  
3          0.000000  0.0883883   0.00000     0.5000  
4          0.110220  0.0931435   1.18334     0.1183  
5         -0.015873  0.0879157  -0.18055     0.5716  
Overall    0.111970  0.0477222   2.34629     0.0095  
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.600670   114.127  95  0.0882 
 

  First Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 12 2 0 0 0 

2 11 6 4 7 0 

3 12 1 1 2 0 

4 18 5 1 10 2 

5 
 

0 0 0 1 0 

Weighted Kappa  0.175 

Standard error (Kw'=0)  0.083 

Standard error (Kw'#0)  0.079 

 

 
 

 
 
 
 
 



 71 

Interobserver Agreement for Chest Radiologists: End  Plates Shape (Fish 
Vertebra), First Trial, N=99 
  
Fleiss' Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.059276  0.100504  0.58979     0.2777 
2         0.060127  0.100504  0.59825     0.2748 
3         0.094431  0.100504  0.93958     0.1737 
4         0.371429  0.100504  3.69567     0.0001 
5         0.312500  0.100504  3.10934     0.0009 
Overall   0.167309  0.058888  2.84112     0.0022 
 
Cohen's Kappa Statistics 
Response     Kappa   SE Kappa        Z  P(vs > 0) 
1         0.135910  0.0821525  1.65436     0.0490 
2         0.069549  0.0973610  0.71434     0.2375 
3         0.122981  0.0827533  1.48611     0.0686 
4         0.383675  0.0959766  3.99759     0.0000 
5         0.321918  0.0738689  4.35796     0.0000 
Overall   0.199677  0.0522675  3.82028     0.0001 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.724328   141.968  98  0.0025 
 

  First Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 13 7 0 0 0 

2 15 5 0 4 0 

3 9 1 2 3 1 

4 11 3 3 18 3 

5 
 

0 0 0 0 1 

Weighted Kappa  0.45 

Standard error (Kw'=0)  0.091 

Standard error (Kw'#0)  0.074 
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Interobserver Agreement for Chest Radiologists: Bod y Shape (Wedged), First 
Read, N=100 
  
Fleiss' Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.483784  0.100000  4.83784     0.0000 
2         0.063063  0.100000  0.63063     0.2641 
3         0.489796  0.100000  4.89796     0.0000 
4         0.480182  0.100000  4.80182     0.0000 
5         0.368421  0.100000  3.68421     0.0001 
Overall   0.415376  0.067755  6.13052     0.0000 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.485228  0.099372  4.88295     0.0000 
2         0.063401  0.099740  0.63566     0.2625 
3         0.492386  0.086158  5.71489     0.0000 
4         0.485531  0.096635  5.02438     0.0000 
5         0.368421  0.100000  3.68421     0.0001 
Overall   0.418041  0.066552  6.28143     0.0000 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.780020   154.444  99  0.0003 
 

  First Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 55 5 0 7 2 

2 
 

6 1 0 1 0 

3 
 

0 1 1 1 0 

4 3 0 0 11 1 

5 
 

0 0 0 3 2 

Weighted Kappa  0.622 

Standard error (Kw'=0)  0.099 

Standard error (Kw'#0)  0.088 

 

 
 

 
 
 
 
 
 
 



 73 

Interobserver Agreement for Chest Radiologists: Com pression Fractures, First 
Trial, N=98 
  
Fleiss' Kappa Statistics 
Response     Kappa  SE Kappa         Z  P(vs > 0) 
1          0.28986  0.101015   2.86942     0.0021 
2         -0.01031  0.101015  -0.10206     0.5406 
3          1.00000  0.101015   9.89949     0.0000 
4         -0.03704  0.101015  -0.36665     0.6431 
5         -0.00513  0.101015  -0.05077     0.5202 
Overall    0.21635  0.074055   2.92146     0.0017 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa         Z  P(vs > 0) 
1          0.30125  0.086033   3.50156     0.0002 
2          0.00000  0.000000         *          * 
3          1.00000  0.101015   9.89949     0.0000 
4         -0.01780  0.069361  -0.25669     0.6013 
5          0.00000  0.000000         *          * 
Overall    0.22767  0.056612   4.02157     0.0000 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.645192   125.167  97  0.0286 
 

  First Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 88 0 0 1 0 

2 
 

1 0 0 0 1 

3 
 

0 0 1 0 0 

4 
 

6 0 0 0 0 

5 
 

0 0 0 0 0 

Weighted Kappa  0.141     

Standard error (Kw'=0)  0.094     

Standard error (Kw'#0)  0.1     
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Interobserver Agreement for Chest Radiologists: Ver tical Striations, First Read, 
N=100 
 
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.216395  0.100000   2.16395     0.0152 
2          0.134199  0.100000   1.34199     0.0898 
3          0.134199  0.100000   1.34199     0.0898 
4          0.164256  0.100000   1.64256     0.0502 
5         -0.015228  0.100000  -0.15228     0.5605 
Overall    0.172185  0.065389   2.63323     0.0042 
 
Cohen's Kappa Statistics 
Response      Kappa   SE Kappa         Z  P(vs > 0)  
1          0.228029  0.0954905   2.38797     0.0085  
2          0.134615  0.0995366   1.35242     0.0881  
3          0.144487  0.0879832   1.64221     0.0503  
4          0.207317  0.0609634   3.40068     0.0003  
5         -0.013514  0.0941204  -0.14358     0.5571  
Overall    0.188751  0.0567965   3.32328     0.0004  
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.632159   125.167  99  0.0389 
 

  First Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 66 5 2 10 1 

2 
 

3 1 0 1 0 

3 
 

5 0 1 1 1 

4 
 

0 0 0 2 0 

5 
 

0 0 0 1 0 

Weighted Kappa  0.295 

Standard error (Kw'=0)  0.087 

Standard error (Kw'#0)  0.115 
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Interobserver Agreement for Chest Radiologists: Emp ty Box, First Read, N=79 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.151258  0.112509   1.34441     0.0894 
2         -0.039474  0.112509  -0.35085     0.6371 
3          0.120594  0.112509   1.07186     0.1419 
4          0.410887  0.112509   3.65205     0.0001 
5         -0.006369  0.112509  -0.05661     0.5226 
Overall    0.164463  0.075869   2.16772     0.0151 
 
Cohen's Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.189962  0.093648   2.02848     0.0213 
2         -0.034934  0.105602  -0.33081     0.6296 
3          0.162544  0.061487   2.64357     0.0041 
4          0.414815  0.105346   3.93765     0.0000 
5          0.000000  0.000000         *          * 
Overall    0.192642  0.060331   3.19307     0.0007 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.631779   98.5575  78  0.0579 
 

  First Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 56 2 0 1 0 

2 
 

4 0 0 0 0 

3 9 0 1 0 0 

4 
 

3 0 0 2 1 

5 
 

0 0 0 0 0 

Weighted Kappa  0.387 

Standard error (Kw'=0)  0.102 

Standard error (Kw'#0)  0.153 
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Interobserver Agreement for Chest Radiologists: Pre sence of Osteopenia, First 
Read, N=100 
 
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.272104  0.100000   2.72104     0.0033 
2         -0.071225  0.100000  -0.71225     0.7618 
3         -0.084011  0.100000  -0.84011     0.7996 
4         -0.006012  0.100000  -0.06012     0.5240 
5          0.351351  0.100000   3.51351     0.0002 
Overall    0.035540  0.054444   0.65278     0.2570 
 
Cohen's Kappa Statistics 
Response      Kappa   SE Kappa         Z  P(vs > 0)  
1          0.290484  0.0888385   3.26980     0.0005  
2         -0.061427  0.0979126  -0.62737     0.7348  
3         -0.038961  0.0854482  -0.45596     0.6758  
4          0.000000  0.0985318   0.00000     0.5000  
5          0.362606  0.0868465   4.17526     0.0000  
Overall    0.052932  0.0510222   1.03743     0.1498  
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.688669   136.356  99  0.0076 
 

  First Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 
 

5 2 1 0 0 

2 8 9 5 13 2 

3 6 8 2 10 0 

4 0 9 2 8 6 

5 
 

0 0 0 1 3 

Weighted Kappa  0.383 

Standard error (Kw'=0)  0.096 

Standard error (Kw'#0)  0.082 
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INTEROBSERVER AGREEMENT: NON-CHEST RADIOLOGIST 
 

Interobserver Agreement for Non-Chest Radiologist C ompared to First 
Radiologist: End Plates Definition (Compared to Ver tebral Body), N=34 
 
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.284211  0.171499   1.65722     0.0487 
2         -0.214286  0.171499  -1.24949     0.8943 
3         -0.030303  0.171499  -0.17670     0.5701 
4          0.059119  0.171499   0.34472     0.3652 
5         -0.014925  0.171499  -0.08703     0.5347 
Overall    0.079116  0.115217   0.68667     0.2461 
 
Cohen's Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.322259  0.152995   2.10634     0.0176 
2         -0.207101  0.167992  -1.23280     0.8912 
3          0.000000  0.000000         *          * 
4          0.113744  0.141621   0.80316     0.2109 
5          0.000000  0.000000         *          * 
Overall    0.117486  0.101439   1.15820     0.1234 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.700559   46.2369  33  0.0629 
 

  First Chest Radiologist  

Non-Chest Radiologist 1  2 3 4 5 

1 13 5 0 4 1 

2 
 

1 0 1 5 0 

3 
 

0 0 0 0 0 

4 
 

1 0 1 2 0 

5 
 

0 0 0 0 0 

Weighted Kappa  0.256 

Standard error (Kw'=0)  0.132 

Standard error (Kw'#0)  0.129 
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Interobserver Agreement for Non-Chest Radiologist C ompared to Second 
Radiologist: End Plates Definition (Compared to Ver tebral Body), N=37 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1         -0.034161  0.164399  -0.20780     0.5823 
2         -0.203828  0.164399  -1.23984     0.8925 
3         -0.072464  0.164399  -0.44078     0.6703 
4          0.040741  0.164399   0.24782     0.4021 
5         -0.027778  0.164399  -0.16897     0.5671 
Overall   -0.062019  0.099960  -0.62044     0.7325 
 
Cohen's Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.173697  0.092594   1.87591     0.0303 
2         -0.175701  0.154257  -1.13901     0.8727 
3          0.000000  0.000000         *          * 
4          0.122034  0.128054   0.95299     0.1703 
5          0.000000  0.000000         *          * 
Overall    0.053881  0.069856   0.77132     0.2203 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.636298   45.8135  36  0.1266 
 

  Non-Chest Radiologist  

Second Chest 
Radiologist  

1 2 3 4 5 

1 
 

5 0 0 0 0 

2 8 1 0 2 1 

3 
 

3 1 0 0 1 

4 7 5 0 3 0 

5 
 

0 0 0 0 0 

Weighted Kappa  0.122 

Standard error (Kw'=0)  0.121 

Standard error (Kw'#0)  0.104 
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Interobserver Agreement for Non-Chest Radiologist C ompared to First 
Radiologist: End Plates Shape (Fish Vertebra), N=38  
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1         -0.217949  0.162221  -1.34353     0.9104 
2         -0.187500  0.162221  -1.15583     0.8761 
3         -0.013333  0.162221  -0.08219     0.5328 
4         -0.134328  0.162221  -0.82806     0.7962 
5         -0.027027  0.162221  -0.16661     0.5662 
Overall   -0.176636  0.111385  -1.58582     0.9436 
 
Cohen's Kappa Statistics 
Response       Kappa  SE Kappa          Z  P(vs > 0 ) 
1          0.0330789  0.079918   0.413910     0.339 5 
2         -0.0961538  0.110736  -0.868313     0.807 4 
3          0.0000000  0.000000          *          * 
4          0.0000000  0.000000          *          * 
5         -0.0270270  0.162221  -0.166606     0.566 2 
Overall   -0.0096618  0.056798  -0.170109     0.567 5 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.564866   41.8001  37  0.2702 
 

  First Chest Radiologist  

Non-Chest Radiologist 1  2 3 4 5 

1 16 10 1 7 1 

2 
 

1 0 0 1 0 

3 
 

0 0 0 0 0 

4 
 

0 0 0 0 0 

5 
 

0 0 0 1 0 

Weighted Kappa  0.142     

Standard error (Kw'=0)  0.092     

Standard error (Kw'#0)  0.119     
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Interobserver Agreement for Non-Chest Radiologist C ompared to Second 
Radiologist: End Plates Shape (Fish Vertebra), N=37  
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1         -0.523529  0.164399  -3.18451     0.9993 
2         -0.116379  0.164399  -0.70791     0.7605 
3         -0.072464  0.164399  -0.44078     0.6703 
4         -0.193548  0.164399  -1.17731     0.8805 
5         -0.013699  0.164399  -0.08333     0.5332 
Overall   -0.286957  0.104904  -2.73542     0.9969 
 
Cohen's Kappa Statistics 
Response      Kappa   SE Kappa         Z  P(vs > 0)  
1         0.0335821  0.0422465  0.794908     0.2133  
2         0.0335821  0.0920961  0.364642     0.3577  
3         0.0000000  0.0000000         *          *  
4         0.0000000  0.0000000         *          *  
5         0.0000000  0.0000000         *          *  
Overall   0.0237467  0.0332670  0.713821     0.2377  
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.577597   41.5870  36  0.2404 
 
 

  Non-Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 
 

6 0 0 0 0 

2 13 1 0 0 0 

3 
 

5 0 0 0 0 

4 10 1 0 0 1 

5 
 

0 0 0 0 0 

Weighted Kappa  0.089 

Standard error (Kw'=0)  0.065 

Standard error (Kw'#0)  0.075 
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Interobserver Agreement for Non-Chest Radiologist C ompared to First 
Radiologist: Body Shape (Wedged), N=38 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.318046  0.162221   1.96057     0.0250 
2         -0.027027  0.162221  -0.16661     0.5662 
4          0.208333  0.162221   1.28425     0.0995 
5          0.652968  0.162221   4.02517     0.0000 
Overall    0.289055  0.126112   2.29206     0.0110 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.369004  0.125849  2.93211     0.0017 
2         0.000000  0.000000        *          * 
4         0.243781  0.133606  1.82462     0.0340 
5         0.654545  0.152234  4.29959     0.0000 
Overall   0.327434  0.100973  3.24279     0.0006 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.713390   52.7908  37  0.0446 
 

  First Chest Radiologist  

Non-Chest Radiologist 1  2 4 5 

1 25 1 7 1 

2 
 

0 0 0 0 

4 
 

0 1 2 0 

5 
 

0 0 0 1 

Weighted Kappa  0.397 

Standard error (Kw'=0)  0.135 

Standard error (Kw'#0)  0.17 
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Interobserver Agreement for Non-Chest Radiologist C ompared to Second 
Radiologist: Body Shape (Wedged), N=38 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.474654  0.162221   2.92597     0.0017 
2         -0.041096  0.162221  -0.25333     0.6000 
4          0.441176  0.162221   2.71959     0.0033 
5          0.652968  0.162221   4.02517     0.0000 
Overall    0.424865  0.116929   3.63353     0.0001 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.495575  0.140071  3.53803     0.0002 
2         0.000000  0.000000        *          * 
4         0.445255  0.155856  2.85683     0.0021 
5         0.654545  0.152234  4.29959     0.0000 
Overall   0.440000  0.102738  4.28273     0.0000 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.773230   57.2190  37  0.0180 
 

  Non-Chest Radiologist  

Second Chest 
Radiologist 

1 2 4 5 

1 28 0 0 0 

2 
 

2 0 1 0 

4 
 

3 0 2 0 

5 
 

1 0 0 1 

Weighted Kappa  0.547 

Standard error (Kw'=0)  0.149 

Standard error (Kw'#0)  0.189 
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Interobserver Agreement for Non-Chest Radiologist C ompared to First 
Radiologist: Compression Fractures, N=37 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.526652  0.164399   3.20350     0.0007 
2         -0.072464  0.164399  -0.44078     0.6703 
4         -0.013699  0.164399  -0.08333     0.5332 
5         -0.013699  0.164399  -0.08333     0.5332 
Overall    0.229167  0.131778   1.73903     0.0410 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.535565  0.145593  3.67851     0.0001 
2         0.000000  0.000000        *          * 
4         0.000000  0.000000        *          * 
5         0.000000  0.000000        *          * 
Overall   0.257028  0.069873  3.67851     0.0001 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.778195   56.0301  36  0.0178 
 

  First Chest Radiologist  

Non-Chest Radiologist 1  2 4 5 

1 32 0 0 0 

2 
 

3 0 1 1 

4 
 

0 0 0 0 

5 
 

0 0 0 0 

Weighted Kappa  0.519 

Standard error (Kw'=0)  0.144 

Standard error (Kw'#0)  0.092 
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Interobserver Agreement for Non-Chest Radiologist C ompared to Second 
Radiologist: Compression Fractures, N=37 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.306250  0.164399   1.86285     0.0312 
2          0.274510  0.164399   1.66978     0.0475 
4         -0.057143  0.164399  -0.34759     0.6359 
Overall    0.219880  0.128746   1.70785     0.0438 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.306250  0.164399  1.86285     0.0312 
2         0.301887  0.117708  2.56472     0.0052 
4         0.000000  0.000000        *          * 
Overall   0.238235  0.098620  2.41568     0.0079 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.643508   46.3325  36  0.1161 
 

  Non-Chest Radiologist  

Second Chest 
Radiologist 

1 2 4 

1 29 3 0 

2 
 

0 1 0 

4 
 

3 1 0 

Weighted Kappa  0.182 

Standard error (Kw'=0)  0.134 

Standard error (Kw'#0)  0.17 
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Interobserver Agreement for Non-Chest Radiologist C ompared to First 
Radiologist: Vertical Striations, N=38 
 
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa          Z  P(vs > 0)  
1         -0.136590  0.162221  -0.841999     0.8001  
2         -0.085714  0.162221  -0.528378     0.7014  
3         -0.013333  0.162221  -0.082192     0.5328  
4          0.117745  0.162221   0.725827     0.2340  
5         -0.013333  0.162221  -0.082192     0.5328  
Overall   -0.047794  0.115301  -0.414515     0.6608  
 
Cohen's Kappa Statistics 
Response      Kappa  SE Kappa          Z  P(vs > 0)  
1         -0.135458  0.161756  -0.837423     0.7988  
2         -0.085714  0.162221  -0.528378     0.7014  
3          0.000000  0.000000          *          *  
4          0.119205  0.160932   0.740718     0.2294  
5          0.000000  0.000000          *          *  
Overall   -0.045872  0.114093  -0.402054     0.6562  
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.445483   32.9657  37  0.6587 
 

  First Chest Radiologist  

Non-Chest Radiologist 1  2 3 4 5 

1 22 3 1 4 0 

2 
 

3 0 0 0 0 

3 
 

0 0 0 0 0 

4 
 

3 0 0 1 0 

5 
 

1 0 0 0 0 

Weighted Kappa  -0.023 

Standard error (Kw'=0)  0.162 

Standard error (Kw'#0)  0.171 
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Interobserver Agreement for Non-Chest Radiologist C ompared to Second 
Radiologist: Vertical Striations, N=38 
 
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.309091  0.162221   1.90536     0.0284 
2         -0.041096  0.162221  -0.25333     0.6000 
3         -0.013333  0.162221  -0.08219     0.5328 
4          0.357746  0.162221   2.20530     0.0137 
5         -0.013333  0.162221  -0.08219     0.5328 
Overall    0.231214  0.113342   2.03997     0.0207 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.344828  0.122555  2.81366     0.0024 
2         0.000000  0.000000        *          * 
3         0.000000  0.000000        *          * 
4         0.373626  0.126455  2.95461     0.0016 
5         0.000000  0.000000        *          * 
Overall   0.261111  0.079278  3.29363     0.0005 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.702700   51.9998  37  0.0519 
 

  Non-Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 30 3 0 2 1 

2 
 

0 0 0 0 0 

3 
 

0 0 0 1 0 

4 
 

0 0 0 1 0 

5 
 

0 0 0 0 0 

Weighted Kappa  0.397 

Standard error (Kw'=0)  0.122 

Standard error (Kw'#0)  0.214 

 

 

 
 
 
 
 
 
 
 



 87 

Interobserver Agreement for Non-Chest Radiologist C ompared to First 
Radiologist: Empty Box, N=38 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.441176  0.162221   2.71959     0.0033 
2          0.472222  0.162221   2.91097     0.0018 
3         -0.013333  0.162221  -0.08219     0.5328 
4         -0.027027  0.162221  -0.16661     0.5662 
5         -0.013333  0.162221  -0.08219     0.5328 
Overall    0.327434  0.112646   2.90676     0.0018 
 
Cohen's Kappa Statistics 
Response     Kappa  SE Kappa        Z  P(vs > 0) 
1         0.445255  0.155856  2.85683     0.0021 
2         0.472222  0.162221  2.91097     0.0018 
3         0.000000  0.000000        *          * 
4         0.000000  0.000000        *          * 
5         0.000000  0.000000        *          * 
Overall   0.333333  0.101421  3.28663     0.0005 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.733450   54.2753  37  0.0332 
 

  First Chest Radiologist  

Non-Chest Radiologist 1  2 3 4 5 

1 32 1 0 2 0 

2 
 

1 1 0 0 0 

3 
 

0 0 0 0 1 

4 
 

0 0 0 0 0 

5 
 

0 0 0 0 0 

Weighted Kappa  0.392 

Standard error (Kw'=0)  0.11 

Standard error (Kw'#0)  0.226 
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Interobserver Agreement for Non-Chest Radiologist C ompared to Second 
Radiologist: Empty Box, N=37 
  
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.274510  0.164399   1.66978     0.0475 
2         -0.042254  0.164399  -0.25702     0.6014 
3         -0.013699  0.164399  -0.08333     0.5332 
4         -0.027778  0.164399  -0.16897     0.5671 
Overall    0.116945  0.118923   0.98337     0.1627 
 
Cohen's Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.274510  0.164399   1.66978     0.0475 
2         -0.037383  0.154257  -0.24234     0.5957 
3          0.000000  0.000000         *          * 
4          0.000000  0.000000         *          * 
Overall    0.123223  0.103212   1.19388     0.1163 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.651984   46.9429  36  0.1047 
 

  Non-Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 

1 32 2 0 0 

2 
 

1 0 0 0 

3 
 

0 0 0 0 

4 
 

1 0 1 0 

Weighted Kappa  0.446 

Standard error (Kw'=0)  0.139 

Standard error (Kw'#0)  0.3 
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Interobserver Agreement for Non-Chest Radiologist C ompared to First 
Radiologist: Presence of Osteopenia, N=38 
 
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1         -0.106029  0.162221  -0.65361     0.7433 
2         -0.206349  0.162221  -1.27202     0.8983 
3         -0.027027  0.162221  -0.16661     0.5662 
4          0.050000  0.162221   0.30822     0.3790 
5          0.276190  0.162221   1.70255     0.0443 
Overall   -0.042744  0.099540  -0.42942     0.6662 
 
Cohen's Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.152866  0.086201   1.77337     0.0381 
2         -0.097778  0.105431  -0.92741     0.8231 
3          0.000000  0.000000         *          * 
4          0.109375  0.130531   0.83792     0.2010 
5          0.283019  0.151439   1.86886     0.0308 
Overall    0.098540  0.063075   1.56228     0.0591 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.702147   51.9589  37  0.0523 
 

  First Chest Radiologist  

Non-Chest Radiologist 1  2 3 4 5 

1 9 10 1 8 2 

2 
 

0 0 1 1 0 

3 
 

0 0 0 0 0 

4 
 

0 1 0 2 1 

5 
 

0 0 0 1 1 

Weighted Kappa  0.297     

Standard error (Kw'=0)  0.114     

Standard error (Kw'#0)  0.118     
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Interobserver Agreement for Non-Chest Radiologist C ompared to Second 
Radiologist: Presence of Osteopenia, N=38 
 
Fleiss' Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1         -0.511364  0.162221  -3.15226     0.9992 
2         -0.192982  0.162221  -1.18962     0.8829 
3         -0.134328  0.162221  -0.82806     0.7962 
4          0.164835  0.162221   1.01611     0.1548 
5         -0.041096  0.162221  -0.25333     0.6000 
Overall   -0.213940  0.093948  -2.27723     0.9886 
 
Cohen's Kappa Statistics 
Response      Kappa  SE Kappa         Z  P(vs > 0) 
1          0.029197  0.038913   0.75031     0.2265 
2          0.012232  0.079535   0.15380     0.4389 
3          0.000000  0.000000         *          * 
4          0.189573  0.144849   1.30877     0.0953 
5         -0.036364  0.152234  -0.23887     0.5944 
Overall    0.044207  0.037607   1.17549     0.1199 
 
Kendall's Coefficient of Concordance 
    Coef  Chi - Sq  DF       P 
0.656678   48.5941  37  0.0961 

 
  Non-Chest Radiologist  

Second Chest 
Radiologist 

1 2 3 4 5 

1 
 

2 0 0 0 0 

2 15 1 0 0 1 

3 
 

7 1 0 1 0 

4 
 

6 0 0 2 1 

5 
 

0 0 0 1 0 

Weighted Kappa  0.234 

Standard error (Kw'=0)  0.102 

Standard error (Kw'#0)  0.114 
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ACCURACY ASSESSMENT 
  
First Chest Radiologist, End Plates Definition, CXR  Compared to DXA (All 
Locations) 
 
        Count        Impression  Count            L umbar  Count 
    normal     73    False Negative     49    False  Negative     43 
osteopenia     23    False Positive      9    False  Positive     12 
        N=     96     True Negative     24     True  Negative     30 
                      True Positive     14     True  Positive     11 
                                 N=     96                N=     96 
 
           Hip  Count           FemNeck  Count        Trochanter  Count 
False Negative     29    False Negative     36    F alse Negative     26 
False Positive     14    False Positive     13    F alse Positive     11 
 True Negative     41     True Negative     33     True Negative     27 
 True Positive      8     True Positive     10     True Positive     10 
            N=     92                N=     92                N=     74 
             

First Chest Radiologist, End Plates Definition, CXR  Compared to DXA (Lumbar 
Spine) 
Sensitivity (95% CI) 20.37% (10.65% to 33.53%) 
Specificity (95% CI) 71.43% (55.41% to 84.27%) 
Positive Likelihood Ratio (95% CI) 0.71 (0.35 to 1.45) 
Negative Likelihood Ratio (95% CI) 1.11 (0.88 to 1.41) 
Disease prevalence (95% CI) 56.25% (45.75% to 66.36%) 
Positive Predictive Value (95% CI) 47.83% (26.85% to 69.39%) 
Negative Predictive Value (95% CI) 41.10% (29.71% to 53.23%) 

 
First Chest Radiologist, End Plates Definition, CXR  Compared to DXA (Hip) 
Sensitivity (95% CI) 21.62% 9.86% to 38.22% 
Specificity (95% CI) 74.55% 60.99% to 85.32% 
Positive Likelihood Ratio (95% CI) 0.85 0.40 to 1.82 
Negative Likelihood Ratio (95% CI) 1.05 0.84 to 1.32 
Disease prevalence (95% CI) 40.22% 30.12% to 50.96% 
Positive Predictive Value (95% CI) 36.36% 17.24% to 59.33% 
Negative Predictive Value (95% CI) 58.57% 46.17% to 70.23% 

 
First Chest Radiologist, End Plates Definition, CXR  Compared to DXA (Femoral 
Neck) 
Sensitivity (95% CI) 21.74% 10.97% to 36.37% 
Specificity (95% CI) 71.74% 56.54% to 84.00% 
Positive Likelihood Ratio (95% CI) 0.77 0.38 to 1.57 
Negative Likelihood Ratio (95% CI) 1.09 0.86 to 1.38 
Disease prevalence (95% CI) 50.00% 39.39% to 60.61% 
Positive Predictive Value (95% CI) 43.48% 23.22% to 65.49% 
Negative Predictive Value (95% CI) 47.83% 35.65% to 60.20% 

 
First Chest Radiologist, End Plates Definition, CXR  Compared to DXA (Trochanter) 
Sensitivity (95% CI) 27.78% 14.22% to 45.19% 
Specificity (95% CI) 71.05% 54.09% to 84.56% 
Positive Likelihood Ratio (95% CI) 0.96 0.46 to 1.98 
Negative Likelihood Ratio (95% CI) 1.02 0.76 to 1.35 
Disease prevalence (95% CI) 48.65% 36.85% to 60.56% 
Positive Predictive Value (95% CI) 47.62% 25.75% to 70.19% 
Negative Predictive Value (95% CI) 50.94% 36.84% to 64.93% 
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First Chest Radiologist, End Plates Shape (Fish Ver tebra), CXR Compared to DXA 
(All Locations) 
 
     R1FQ2  Count          Lumbar_1  Count             Hip_1  Count 
    normal     70    False Negative     38    False  Negative     23 
osteopenia     30    False Positive     10    False  Positive     12 
        N=    100     True Negative     32     True  Negative     43 
                      True Positive     20     True  Positive     17 
                                 N=    100                N=     95 
                                                          *=      4 
 
     FemNeck_1  Count      Trochanter_1  Count 
False Negative     32    False Negative     25 
False Positive     12    False Positive     10 
 True Negative     35     True Negative     28 
 True Positive     17     True Positive     14 
            N=     96                N=     77 
            *=      3                *=     17 
 

First Chest Radiologist, End Plates Shape (Fish Ver tebra), CXR Compared to DXA 
(Lumbar Spine) 
Sensitivity (95% CI) 34.48% 22.50% to 48.12% 
Specificity (95% CI) 76.19% 60.55% to 87.93% 
Positive Likelihood Ratio (95% CI) 1.45 0.76 to 2.77 
Negative Likelihood Ratio (95% CI) 0.86 0.67 to 1.11 
Disease prevalence (95% CI) 58.00% 47.71% to 67.80% 
Positive Predictive Value (95% CI) 66.67% 47.19% to 82.69% 
Negative Predictive Value (95% CI) 45.71% 33.75% to 58.06% 

 
First Chest Radiologist, End Plates Shape (Fish Ver tebra), CXR Compared to DXA 
(Hip) 
Sensitivity (95% CI) 42.50% 27.05% to 59.11% 
Specificity (95% CI) 78.18% 64.99% to 88.17% 
Positive Likelihood Ratio (95% CI) 1.95 1.05 to 3.61 
Negative Likelihood Ratio (95% CI) 0.74 0.54 to 0.99 
Disease prevalence (95% CI) 42.11% 32.04% to 52.67% 
Positive Predictive Value (95% CI) 58.62% 38.94% to 76.46% 
Negative Predictive Value (95% CI) 65.15% 52.42% to 76.47% 

 
First Chest Radiologist, End Plates Shape (Fish Ver tebra), CXR Compared to DXA 
(FemNeck)  
Sensitivity (95% CI) 34.69% 21.68% to 49.64% 
Specificity (95% CI) 74.47% 59.65% to 86.04% 
Positive Likelihood Ratio (95% CI) 1.36 0.73 to 2.53 
Negative Likelihood Ratio (95% CI) 0.88 0.67 to 1.14 
Disease prevalence (95% CI) 51.04% 40.63% to 61.39% 
Positive Predictive Value (95% CI) 58.62% 38.94% to 76.46% 
Negative Predictive Value (95% CI) 52.24% 39.68% to 64.60% 

 
First Chest Radiologist, End Plates Shape (Fish Ver tebra), CXR Compared to DXA 
(Trochanter) 
Sensitivity (95% CI) 35.90% 21.22% to 52.82% 
Specificity (95% CI) 73.68% 56.90% to 86.58% 
Positive Likelihood Ratio (95% CI) 1.36 0.69 to 2.69 
Negative Likelihood Ratio (95% CI) 0.87 0.64 to 1.18 
Disease prevalence (95% CI) 50.65% 39.01% to 62.24% 
Positive Predictive Value (95% CI) 58.33% 36.66% to 77.86% 
Negative Predictive Value (95% CI) 52.83% 38.64% to 66.69% 
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First Chest Radiologist, Body Shape (Wedged), CXR C ompared to DXA (All 
Locations) 
 
     R1FQ3  Count          Lumbar_2  Count             Hip_2  Count 
    normal     72    False Negative     40    False  Negative     26 
osteopenia     28    False Positive     10    False  Positive     13 
        N=    100     True Negative     32     True  Negative     42 
                      True Positive     18     True  Positive     14 
                                 N=    100                N=     95 
                                                          *=      4 
 
     FemNeck_2  Count      Trochanter_2  Count 
False Negative     32    False Negative     25 
False Positive     11    False Positive     11 
 True Negative     36     True Negative     27 
 True Positive     17     True Positive     14 
            N=     96                N=     77 
            *=      4                *=     20 
 

First Chest Radiologist, Body Shape (Wedged), CXR C ompared to DXA (Lumbar 
Spine) 
Sensitivity 31.03% 19.55% to 44.55% 
Specificity 76.19% 60.55% to 87.93% 
Positive Likelihood Ratio 1.30 0.67 to 2.53 
Negative Likelihood Ratio 0.91 0.71 to 1.15 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 64.29% 44.07% to 81.33% 
Negative Predictive Value 44.44% 32.73% to 56.63% 

 
First Chest Radiologist, Body Shape (Wedged), CXR C ompared to DXA (Hip) 
Sensitivity 35.00% 20.64% to 51.68% 
Specificity 76.36% 62.98% to 86.76% 
Positive Likelihood Ratio 1.48 0.78 to 2.80 
Negative Likelihood Ratio 0.85 0.65 to 1.12 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 51.85% 31.96% to 71.32% 
Negative Predictive Value 61.76% 49.18% to 73.29% 

 
First Chest Radiologist, Body Shape (Wedged), CXR C ompared to DXA (Femoral 
Neck) 
Sensitivity 34.69% 21.68% to 49.64% 
Specificity 76.60% 61.97% to 87.68% 
Positive Likelihood Ratio 1.48 0.78 to 2.82 
Negative Likelihood Ratio 0.85 0.66 to 1.10 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 60.71% 40.58% to 78.47% 
Negative Predictive Value 52.94% 40.45% to 65.17% 

 
First Chest Radiologist, Body Shape (Wedged), CXR C ompared to DXA 
(Trochanter) 
Sensitivity 35.90% 21.22% to 52.82% 
Specificity 71.05% 54.09% to 84.56% 
Positive Likelihood Ratio 1.24 0.65 to 2.38 
Negative Likelihood Ratio 0.90 0.66 to 1.23 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 56.00% 34.94% to 75.57% 
Negative Predictive Value 51.92% 37.63% to 65.98% 
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First Chest Radiologist, Compression Fractures, CXR  Compared to DXA (All 
Locations) 
 
     R1FQ4  Count          Lumbar_3  Count             Hip_3  Count 
    normal     97    False Negative     56    False  Negative     37 
osteopenia      2    False Positive      1     True  Negative     55 
        N=     99     True Negative     41     True  Positive      2 
                      True Positive      1                N=     94 
                                 N=     99                *=      5 
 
     FemNeck_3  Count      Trochanter_3  Count 
False Negative     46    False Negative     36 
 True Negative     47     True Negative     38 
 True Positive      2     True Positive      2 
            N=     95                N=     76 
            *=      4                *=     23 
 

First Chest Radiologist, Compression Fractures, CXR  Compared to DXA (Lumbar) 
Sensitivity 1.75% 0.29% to 9.43% 
Specificity 97.62% 87.39% to 99.60% 
Positive Likelihood Ratio 0.74 0.05 to 11.45 
Negative Likelihood Ratio 1.01 0.95 to 1.07 
Disease prevalence 57.58% 47.23% to 67.45% 
Positive Predictive Value 50.00% 8.17% to 91.83% 
Negative Predictive Value 42.27% 32.30% to 52.72% 

 
First Chest Radiologist, Compression Fractures, CXR  Compared to DXA (Hip) 
Sensitivity 5.13% 0.78% to 17.36% 
Specificity 100.00% 93.45% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.95 0.88 to 1.02 
Disease prevalence 41.49% 31.42% to 52.12% 
Positive Predictive Value 100.00% 19.29% to 100.00% 
Negative Predictive Value 59.78% 49.04% to 69.88% 

 
First Chest Radiologist, Compression Fractures, CXR  Compared to DXA (Femoral 
Neck) 
Sensitivity 4.17% 0.63% to 14.28% 
Specificity 100.00% 92.38% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.96 0.90 to 1.02 
Disease prevalence 50.53% 40.07% to 60.95% 
Positive Predictive Value 100.00% 19.29% to 100.00% 
Negative Predictive Value 50.54% 39.97% to 61.07% 

 
First Chest Radiologist, Compression Fractures, CXR  Compared to DXA 
(Trochanter) 
Sensitivity 5.26% 0.80% to 17.78% 
Specificity 100.00% 90.66% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.95 0.88 to 1.02 
Disease prevalence 50.00% 38.30% to 61.70% 
Positive Predictive Value 100.00% 19.29% to 100.00% 
Negative Predictive Value 51.35% 39.44% to 63.15% 
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First Chest Radiologist, Vertical Striations, CXR C ompared to DXA (All Locations) 
 
     R1FQ5  Count          Lumbar_4  Count             Hip_4  Count 
    normal     83    False Negative     47    False  Negative     32 
osteopenia     17    False Positive      6    False  Positive      7 
        N=    100     True Negative     36     True  Negative     48 
                      True Positive     11     True  Positive      8 
                                 N=    100                N=     95 
                                                          *=      3 
 
     FemNeck_4  Count      Trochanter_4  Count 
False Negative     40    False Negative     31 
False Positive      7    False Positive      6 
 True Negative     40     True Negative     32 
 True Positive      9     True Positive      8 
            N=     96                N=     77 
            *=      3                *=     20 
 

First Chest Radiologist, Vertical Striations, CXR C ompared to DXA (Lumbar) 
Sensitivity 18.97% 9.88% to 31.41% 
Specificity 85.71% 71.45% to 94.54% 
Positive Likelihood Ratio 1.33 0.53 to 3.30 
Negative Likelihood Ratio 0.95 0.79 to 1.13 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 64.71% 38.35% to 85.70% 
Negative Predictive Value 43.37% 32.53% to 54.71% 

 
First Chest Radiologist, Vertical Striations, CXR C ompared to DXA (Hip) 
Sensitivity 20.00% 9.08% to 35.65% 
Specificity 87.27% 75.51% to 94.70% 
Positive Likelihood Ratio 1.57 0.62 to 3.98 
Negative Likelihood Ratio 0.92 0.76 to 1.10 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 53.33% 26.65% to 78.66% 
Negative Predictive Value 60.00% 48.44% to 70.80% 

 
First Chest Radiologist, Vertical Striations, CXR C ompared to DXA (Femoral Neck) 
Sensitivity 18.37% 8.78% to 32.03% 
Specificity 85.11% 71.69% to 93.77% 
Positive Likelihood Ratio 1.23 0.50 to 3.04 
Negative Likelihood Ratio 0.96 0.80 to 1.15 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 56.25% 29.92% to 80.17% 
Negative Predictive Value 50.00% 38.61% to 61.39% 

 
First Chest Radiologist, Vertical Striations, CXR C ompared to DXA (Trochanter) 
Sensitivity 20.51% 9.32% to 36.47% 
Specificity 84.21% 68.74% to 93.94% 
Positive Likelihood Ratio 1.30 0.50 to 3.39 
Negative Likelihood Ratio 0.94 0.76 to 1.17 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 57.14% 28.92% to 82.24% 
Negative Predictive Value 50.79% 37.89% to 63.62% 
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First Chest Radiologist, Empty Box, CXR Compared to  DXA (All Locations) 
 
     R1FQ6  Count          Lumbar_5  Count             Hip_5  Count 
    normal     94    False Negative     52    False  Negative     36 
osteopenia      6     True Negative     42    False  Positive      1 
        N=    100     True Positive      6     True  Negative     54 
                                 N=    100     True  Positive      4 
                                                          N=     95 
                                                          *=      4 
 
     FemNeck_5  Count      Trochanter_5  Count 
False Negative     43    False Negative     35 
 True Negative     47     True Negative     38 
 True Positive      6     True Positive      4 
            N=     96                N=     77 
            *=      4                *=     21 
 

First Chest Radiologist, Empty Box, CXR Compared to  DXA (Lumbar) 
Sensitivity 10.34% 3.92% to 21.18% 
Specificity 100.00% 91.51% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.90 0.82 to 0.98 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 100.00% 54.05% to 100.00% 
Negative Predictive Value 44.68% 34.42% to 55.29% 

 
First Chest Radiologist, Empty Box, CXR Compared to  DXA (Hip) 
Sensitivity 10.00% 2.85% to 23.68% 
Specificity 98.18% 90.24% to 99.70% 
Positive Likelihood Ratio 5.50 0.64 to 47.37 
Negative Likelihood Ratio 0.92 0.82 to 1.02 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 80.00% 28.81% to 96.70% 
Negative Predictive Value 60.00% 49.13% to 70.19% 

 
First Chest Radiologist, Empty Box, CXR Compared to  DXA (Femoral Neck) 
Sensitivity 12.24% 4.66% to 24.78% 
Specificity 100.00% 92.38% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.88 0.79 to 0.97 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 100.00% 54.05% to 100.00% 
Negative Predictive Value 52.22% 41.43% to 62.87% 

 
First Chest Radiologist, Empty Box, CXR Compared to  DXA (Trochanter) 
Sensitivity 10.26% 2.93% to 24.24% 
Specificity 100.00% 90.66% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.90 0.81 to 1.00 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 100.00% 40.23% to 100.00% 
Negative Predictive Value 52.05% 40.04% to 63.90% 
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First Chest Radiologist, Presence of Osteopenia, Fi rst Reading, CXR Compared to 
DXA (All Locations) 
                    
     R1FQ7  Count        Impression  Count     Stat us Lumbar  Count 
    normal     57    False Negative     33    False  Negative     28 
osteopenia     43    False Positive      9    False  Positive     13 
        N=    100     True Negative     24     True  Negative     29 
                      True Positive     34     True  Positive     30 
                                 N=    100                N=    100 
 
    Status Hip  Count    Status FemNeck  Count    S tatus Trochanter  Count 
False Negative     16    False Negative     20       False Negative     19 
False Positive     16    False Positive     13       False Positive     12 
 True Negative     39     True Negative     34        True Negative     26 
 True Positive     24     True Positive     29        True Positive     20 
            N=     95                N=     96                   N=     77 
            *=      2                *=      3                   *=     13 
 

First Chest Radiologist, Presence of Osteopenia, Fi rst Reading, CXR Compared to 
DXA (Lumbar Spine) 
Sensitivity 51.72% 38.22% to 65.05% 
Specificity 69.05% 52.91% to 82.36% 
Positive Likelihood Ratio 1.67 1.00 to 2.80 
Negative Likelihood Ratio 0.70 0.50 to 0.98 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 69.77% 53.87% to 82.80% 
Negative Predictive Value 50.88% 37.29% to 64.37% 

 
First Chest Radiologist, Presence of Osteopenia, Fi rst Reading, CXR Compared to 
DXA (Hip) 
Sensitivity 60.00% 43.33% to 75.12% 
Specificity 70.91% 57.10% to 82.36% 
Positive Likelihood Ratio 2.06 1.27 to 3.35 
Negative Likelihood Ratio 0.56 0.37 to 0.85 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 60.00% 43.33% to 75.12% 
Negative Predictive Value 70.91% 57.10% to 82.36% 

 
First Chest Radiologist, Presence of Osteopenia, Fi rst Reading, CXR Compared to 
DXA (Femoral Neck) 
Sensitivity 59.18% 44.21% to 73.00% 
Specificity 72.34% 57.36% to 84.36% 
Positive Likelihood Ratio 2.14 1.28 to 3.59 
Negative Likelihood Ratio 0.56 0.39 to 0.83 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 69.05% 52.91% to 82.36% 
Negative Predictive Value 62.96% 48.74% to 75.70% 

 
First Chest Radiologist, Presence of Osteopenia, Fi rst Reading, CXR Compared to 
DXA (Trochanter) 
Sensitivity 51.28% 34.79% to 67.58% 
Specificity 68.42% 51.35% to 82.48% 
Positive Likelihood Ratio 1.62 0.93 to 2.84 
Negative Likelihood Ratio 0.71 0.48 to 1.05 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 62.50% 43.70% to 78.88% 
Negative Predictive Value 57.78% 42.15% to 72.34% 
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First Chest Radiologist, Presence of Osteopenia, Se cond Reading 
 
     R1SQ7  Count        Impression  Count            Lumbar  Count 
    normal     62    False Negative     37    False  Negative     30 
osteopenia     38    False Positive      8    False  Positive     10 
        N=    100     True Negative     25     True  Negative     32 
                      True Positive     30     True  Positive     28 
                                 N=    100                N=    100 
 
           Hip  Count           FemNeck  Count        Trochanter  Count 
False Negative     19    False Negative     24    F alse Negative     23 
False Positive     15    False Positive     12    F alse Positive     10 
 True Negative     40     True Negative     35     True Negative     28 
 True Positive     21     True Positive     25     True Positive     16 
            N=     95                N=     96                N=     77 
             

First Chest Radiologist, Presence of Osteopenia, Se cond Reading, CXR Compared 
to DXA (Lumbar Spine) 
Sensitivity 48.28% 34.95% to 61.78% 
Specificity 76.19% 60.55% to 87.93% 
Positive Likelihood Ratio 2.03 1.11 to 3.71 
Negative Likelihood Ratio 0.68 0.50 to 0.92 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 73.68% 56.90% to 86.58% 
Negative Predictive Value 51.61% 38.57% to 64.50% 

 
First Chest Radiologist, Presence of Osteopenia, Se cond Reading, CXR Compared 
to DXA (Hip) 
Sensitivity 52.50% 36.13% to 68.48% 
Specificity 72.73% 59.04% to 83.85% 
Positive Likelihood Ratio 1.93 1.14 to 3.25 
Negative Likelihood Ratio 0.65 0.45 to 0.94 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 58.33% 40.76% to 74.47% 
Negative Predictive Value 67.80% 54.36% to 79.37% 

 
First Chest Radiologist, Presence of Osteopenia, Se cond Reading, CXR Compared 
to DXA (Femoral Neck) 
Sensitivity 51.02% 36.34% to 65.57% 
Specificity 74.47% 59.65% to 86.04% 
Positive Likelihood Ratio 2.00 1.14 to 3.50 
Negative Likelihood Ratio 0.66 0.47 to 0.92 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 67.57% 50.21% to 81.97% 
Negative Predictive Value 59.32% 45.75% to 71.93% 

 
First Chest Radiologist, Presence of Osteopenia, Se cond Reading, CXR Compared 
to DXA (Trochanter) 
Sensitivity 41.03% 25.58% to 57.90% 
Specificity 73.68% 56.90% to 86.58% 
Positive Likelihood Ratio 1.56 0.81 to 2.99 
Negative Likelihood Ratio 0.80 0.58 to 1.11 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 61.54% 40.58% to 79.75% 
Negative Predictive Value 54.90% 40.34% to 68.87% 

 
 
 



 99 

Second Chest Radiologist, End Plates Definition, Fi rst Reading, CXR Compared to 
DXA (All Locations) 
 
     R3FQ1  Count            Lumbar  Count               Hip  Count 
    normal     61    False Negative     29    False  Negative     22 
osteopenia     39    False Positive     10    False  Positive     20 
        N=    100     True Negative     32     True  Negative     35 
                      True Positive     29     True  Positive     18 
                                 N=    100                N=     95 
                                                           
       FemNeck  Count        Trochanter  Count 
False Negative     28    False Negative     22 
False Positive     17    False Positive     14 
 True Negative     30     True Negative     24 
 True Positive     21     True Positive     17 
            N=     96                N=     77 
       

Second Chest Radiologist, End Plates Definition, Fi rst Reading, CXR Compared to 
DXA (Lumbar) 
Sensitivity 50.00% 36.58% to 63.42% 
Specificity 76.19% 60.55% to 87.93% 
Positive Likelihood Ratio 2.10 1.15 to 3.82 
Negative Likelihood Ratio 0.66 0.48 to 0.89 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 74.36% 57.87% to 86.94% 
Negative Predictive Value 52.46% 39.27% to 65.40% 

 
Second Chest Radiologist, End Plates Definition, Fi rst Reading, CXR Compared to 
DXA (Hip) 
Sensitivity 45.00% 29.27% to 61.51% 
Specificity 63.64% 49.56% to 76.18% 
Positive Likelihood Ratio 1.24 0.76 to 2.02 
Negative Likelihood Ratio 0.86 0.61 to 1.22 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 47.37% 30.99% to 64.18% 
Negative Predictive Value 61.40% 47.58% to 74.00% 

 
Second Chest Radiologist, End Plates Definition, Fi rst Reading, CXR Compared to 
DXA (Femoral Neck) 
Sensitivity 42.86% 28.83% to 57.79% 
Specificity 63.83% 48.52% to 77.32% 
Positive Likelihood Ratio 1.18 0.72 to 1.95 
Negative Likelihood Ratio 0.90 0.65 to 1.24 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 55.26% 38.30% to 71.37% 
Negative Predictive Value 51.72% 38.22% to 65.05% 

 
Second Chest Radiologist, End Plates Definition, Fi rst Reading, CXR Compared to 
DXA (Trochanter) 
Sensitivity 43.59% 27.82% to 60.38% 
Specificity 63.16% 46.00% to 78.17% 
Positive Likelihood Ratio 1.18 0.68 to 2.05 
Negative Likelihood Ratio 0.89 0.62 to 1.29 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 54.84% 36.04% to 72.67% 
Negative Predictive Value 52.17% 36.95% to 67.11% 
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Second Chest Radiologist, End Plates Shape (Fish Ve rtebra), First Reading, CXR 
Compared to DXA (All Locations) 
 
     R3FQ2  Count          Lumbar_1  Count             Hip_1  Count 
    normal     60    False Negative     31    False  Negative     19 
osteopenia     39    False Positive     13    False  Positive     17 
        N=     99     True Negative     29     True  Negative     37 
                      True Positive     26     True  Positive     21 
                                 N=     99                N=     94 
                                                           
     FemNeck_1  Count      Trochanter_1  Count 
False Negative     26    False Negative     19 
False Positive     14    False Positive     12 
 True Negative     32     True Negative     25 
 True Positive     23     True Positive     20 
            N=     95                N=     76 
             

Second Chest Radiologist, End Plates Shape (Fish Ve rtebra), First Reading, CXR 
Compared to DXA (Lumbar) 
Sensitivity 45.61% 32.36% to 59.34% 
Specificity 69.05% 52.91% to 82.36% 
Positive Likelihood Ratio 1.47 0.86 to 2.51 
Negative Likelihood Ratio 0.79 0.58 to 1.08 
Disease prevalence 57.58% 47.23% to 67.45% 
Positive Predictive Value 66.67% 49.78% to 80.90% 
Negative Predictive Value 48.33% 35.23% to 61.60% 

 
Second Chest Radiologist, End Plates Shape (Fish Ve rtebra), First Reading, CXR 
Compared to DXA (Hip) 
Sensitivity 52.50% 36.13% to 68.48% 
Specificity 68.52% 54.45% to 80.47% 
Positive Likelihood Ratio 1.67 1.02 to 2.73 
Negative Likelihood Ratio 0.69 0.48 to 1.01 
Disease prevalence 42.55% 32.41% to 53.18% 
Positive Predictive Value 55.26% 38.30% to 71.37% 
Negative Predictive Value 66.07% 52.19% to 78.18% 

 
Second Chest Radiologist, End Plates Shape (Fish Ve rtebra), First Reading, CXR 
Compared to DXA (Femoral Neck) 
Sensitivity 46.94% 32.54% to 61.72% 
Specificity 69.57% 54.24% to 82.25% 
Positive Likelihood Ratio 1.54 0.91 to 2.62 
Negative Likelihood Ratio 0.76 0.55 to 1.06 
Disease prevalence 51.58% 41.10% to 61.96% 
Positive Predictive Value 62.16% 44.76% to 77.53% 
Negative Predictive Value 55.17% 41.54% to 68.25% 

 
Second Chest Radiologist, End Plates Shape (Fish Ve rtebra), First Reading, CXR 
Compared to DXA (Trochanter) 
Sensitivity 51.28% 34.79% to 67.58% 
Specificity 67.57% 50.21% to 81.97% 
Positive Likelihood Ratio 1.58 0.91 to 2.76 
Negative Likelihood Ratio 0.72 0.49 to 1.07 
Disease prevalence 51.32% 39.57% to 62.96% 
Positive Predictive Value 62.50% 43.70% to 78.88% 
Negative Predictive Value 56.82% 41.04% to 71.64% 
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Second Chest Radiologist, Body Shape (Wedged), Firs t Reading, CXR Compared 
to DXA (All Locations) 
 
       Count          Lumbar_2  Count             H ip_2  Count 
    normal     80    False Negative     44    False  Negative     29 
osteopenia     20    False Positive      6    False  Positive      9 
        N=    100     True Negative     36     True  Negative     46 
                      True Positive     14     True  Positive     11 
                                 N=    100                N=     95 
                                                           
     FemNeck_2  Count      Trochanter_2  Count 
False Negative     37    False Negative     27 
False Positive      8    False Positive      6 
 True Negative     39     True Negative     32 
 True Positive     12     True Positive     12 
            N=     96                N=     77 
             

Second Chest Radiologist, Body Shape (Wedged), Firs t Reading, CXR Compared 
to DXA (Lumbar Spine) 
Sensitivity 24.14% 13.88% to 37.17% 
Specificity 85.71% 71.45% to 94.54% 
Positive Likelihood Ratio 1.69 0.71 to 4.03 
Negative Likelihood Ratio 0.89 0.73 to 1.07 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 70.00% 45.73% to 88.03% 
Negative Predictive Value 45.00% 33.85% to 56.53% 

 
Second Chest Radiologist, Body Shape (Wedged), Firs t Reading, CXR Compared 
to DXA (Hip) 
Sensitivity 27.50% 14.62% to 43.89% 
Specificity 83.64% 71.19% to 92.22% 
Positive Likelihood Ratio 1.68 0.77 to 3.67 
Negative Likelihood Ratio 0.87 0.69 to 1.08 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 55.00% 31.55% to 76.90% 
Negative Predictive Value 61.33% 49.38% to 72.36% 

 
Second Chest Radiologist, Body Shape (Wedged), Firs t Reading, CXR Compared 
to DXA (Femoral Neck) 
Sensitivity 24.49% 13.36% to 38.87% 
Specificity 82.98% 69.18% to 92.33% 
Positive Likelihood Ratio 1.44 0.65 to 3.20 
Negative Likelihood Ratio 0.91 0.74 to 1.12 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 60.00% 36.07% to 80.83% 
Negative Predictive Value 51.32% 39.57% to 62.96% 

 
Second Chest Radiologist, Body Shape (Wedged), Firs t Reading, CXR Compared 
to DXA (Trochanter) 
Sensitivity 30.77% 17.04% to 47.57% 
Specificity 84.21% 68.74% to 93.94% 
Positive Likelihood Ratio 1.95 0.81 to 4.66 
Negative Likelihood Ratio 0.82 0.64 to 1.06 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 66.67% 41.01% to 86.58% 
Negative Predictive Value 54.24% 40.76% to 67.28% 
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Second Chest Radiologist, Compression Fractures, Fi rst Reading, CXR Compared 
to DXA (All Locations) 
 
       Count            Lumbar  Count               Hip  Count 
    normal     93    False Negative     53    False  Negative     36 
osteopenia      6    False Positive      2    False  Positive      1 
        N=     99     True Negative     40     True  Negative     54 
                      True Positive      4     True  Positive      3 
                                 N=     99                N=     94 
                                                           
       FemNeck  Count        Trochanter  Count 
False Negative     44    False Negative     34 
False Positive      1     True Negative     38 
 True Negative     46     True Positive      4 
 True Positive      4                N=     76 
            N=     95                 
             

Second Chest Radiologist, Compression Fractures, Fi rst Reading, CXR Compared 
to DXA (Lumbar Spine) 
Sensitivity 7.02% 1.99% to 17.02% 
Specificity 95.24% 83.80% to 99.28% 
Positive Likelihood Ratio 1.47 0.28 to 7.67 
Negative Likelihood Ratio 0.98 0.88 to 1.08 
Disease prevalence 57.58% 47.23% to 67.45% 
Positive Predictive Value 66.67% 22.68% to 94.67% 
Negative Predictive Value 43.01% 32.79% to 53.69% 

 
Second Chest Radiologist, Compression Fractures, Fi rst Reading, CXR Compared 
to DXA (Hip) 
Sensitivity 7.69% 1.70% to 20.89% 
Specificity 98.18% 90.24% to 99.70% 
Positive Likelihood Ratio 4.23 0.46 to 39.18 
Negative Likelihood Ratio 0.94 0.85 to 1.04 
Disease prevalence 41.49% 31.42% to 52.12% 
Positive Predictive Value 75.00% 20.34% to 95.88% 
Negative Predictive Value 60.00% 49.13% to 70.19% 

 
Second Chest Radiologist, Compression Fractures, Fi rst Reading, CXR Compared 
to DXA (Femoral Neck) 
Sensitivity 8.33% 2.37% to 20.00% 
Specificity 97.87% 88.66% to 99.64% 
Positive Likelihood Ratio 3.92 0.45 to 33.76 
Negative Likelihood Ratio 0.94 0.85 to 1.03 
Disease prevalence 50.53% 40.07% to 60.95% 
Positive Predictive Value 80.00% 28.81% to 96.70% 
Negative Predictive Value 51.11% 40.35% to 61.80% 

 
Second Chest Radiologist, Compression Fractures, Fi rst Reading, CXR Compared 
to DXA (Trochanter) 
Sensitivity 10.53% 3.01% to 24.82% 
Specificity 100.00% 90.66% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.89 0.80 to 1.00 
Disease prevalence 50.00% 38.30% to 61.70% 
Positive Predictive Value 100.00% 40.23% to 100.00% 
Negative Predictive Value 52.78% 40.65% to 64.67% 
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Second Chest Radiologist, Vertical Striations, Firs t Reading, CXR Compared to 
DXA (All Locations) 
 
       Count            Lumbar  Count               Hip  Count 
    normal     97    False Negative     56    False  Negative     37 
osteopenia      3    False Positive      1     True  Negative     55 
        N=    100     True Negative     41     True  Positive      3 
                      True Positive      2                N=     95 
                                 N=    100                 
 
       FemNeck  Count        Trochanter  Count 
False Negative     47    False Negative     36 
False Positive      1     True Negative     38 
 True Negative     46     True Positive      3 
 True Positive      2                N=     77 
            N=     96                             
 

Second Chest Radiologist, Vertical Striations, Firs t Reading, CXR Compared to 
DXA (Lumbar Spine) 
Sensitivity 3.45% 0.52% to 11.93% 
Specificity 97.62% 87.39% to 99.60% 
Positive Likelihood Ratio 1.45 0.14 to 15.45 
Negative Likelihood Ratio 0.99 0.92 to 1.06 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 66.67% 11.55% to 94.53% 
Negative Predictive Value 42.27% 32.30% to 52.72% 

 
Second Chest Radiologist, Vertical Striations, Firs t Reading, CXR Compared to 
DXA (Hip) 
Sensitivity 7.50% 1.66% to 20.41% 
Specificity 100.00% 93.45% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.93 0.85 to 1.01 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 100.00% 30.48% to 100.00% 
Negative Predictive Value 59.78% 49.04% to 69.88% 

 
Second Chest Radiologist, Vertical Striations, Firs t Reading, CXR Compared to 
DXA (Femoral Neck) 
Sensitivity 4.08% 0.62% to 14.01% 
Specificity 97.87% 88.66% to 99.64% 
Positive Likelihood Ratio 1.92 0.18 to 20.46 
Negative Likelihood Ratio 0.98 0.91 to 1.05 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 66.67% 11.55% to 94.53% 
Negative Predictive Value 49.46% 38.93% to 60.03% 

 
Second Chest Radiologist, Vertical Striations, Firs t Reading, CXR Compared to 
DXA (Trochanter) 
Sensitivity 7.69% 1.70% to 20.89% 
Specificity 100.00% 90.66% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.92 0.84 to 1.01 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 100.00% 30.48% to 100.00% 
Negative Predictive Value 51.35% 39.44% to 63.15% 
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Second Chest Radiologist, Empty Box, First Reading,  CXR Compared to DXA (All 
Locations) 

 
Count            Lumbar  Count               Hip  C ount 

    normal     73    False Negative     42    False  Negative     30 
osteopenia      6     True Negative     31    False  Positive      2 
        N=     79     True Positive      6     True  Negative     40 
                                 N=     79     True  Positive      3 
                                                          N=     75 
                                                           
       FemNeck  Count        Trochanter  Count 
False Negative     34    False Negative     28 
False Positive      1    False Positive      1 
 True Negative     36     True Negative     30 
 True Positive      5     True Positive      3 
            N=     76                N=     62 
             

Second Chest Radiologist, Empty Box, First Reading,  CXR Compared to DXA 
(Lumbar Spine) 
Sensitivity 12.50% 4.76% to 25.26% 
Specificity 100.00% 88.68% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.88 0.79 to 0.97 
Disease prevalence 60.76% 49.13% to 71.56% 
Positive Predictive Value 100.00% 54.05% to 100.00% 
Negative Predictive Value 42.47% 30.97% to 54.59% 

 
Second Chest Radiologist, Empty Box, First Reading,  CXR Compared to DXA (Hip) 
Sensitivity 9.09% 2.02% to 24.36% 
Specificity 95.24% 83.80% to 99.28% 
Positive Likelihood Ratio 1.91 0.34 to 10.77 
Negative Likelihood Ratio 0.95 0.84 to 1.08 
Disease prevalence 44.00% 32.55% to 55.94% 
Positive Predictive Value 60.00% 15.40% to 93.51% 
Negative Predictive Value 57.14% 44.75% to 68.91% 

 
Second Chest Radiologist, Empty Box, First Reading,  CXR Compared to DXA 
(Femoral Neck)  
Sensitivity 12.82% 4.34% to 27.44% 
Specificity 97.30% 85.79% to 99.55% 
Positive Likelihood Ratio 4.74 0.58 to 38.71 
Negative Likelihood Ratio 0.90 0.79 to 1.02 
Disease prevalence 51.32% 39.57% to 62.96% 
Positive Predictive Value 83.33% 36.10% to 97.24% 
Negative Predictive Value 51.43% 39.17% to 63.56% 

 
Second Chest Radiologist, Empty Box, First Reading,  CXR Compared to DXA 
(Trochanter) 
Sensitivity 9.68% 2.15% to 25.78% 
Specificity 96.77% 83.24% to 99.46% 
Positive Likelihood Ratio 3.00 0.33 to 27.29 
Negative Likelihood Ratio 0.93 0.82 to 1.06 
Disease prevalence 50.00% 37.03% to 62.97% 
Positive Predictive Value 75.00% 20.34% to 95.88% 
Negative Predictive Value 51.72% 38.22% to 65.05% 
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Second Chest Radiologist, Presence of Osteopenia, F irst Reading, CXR Compared 
to DXA (All Locations) 
 

Count        Impression  Count            Lumbar  C ount 
    normal     71    False Negative     39    False  Negative     32 
osteopenia     29    False Positive      1    False  Positive      3 
        N=    100     True Negative     32     True  Negative     39 
                      True Positive     28     True  Positive     26 
                                 N=    100                N=    100 
 
           Hip  Count           FemNeck  Count        Trochanter  Count 
False Negative     25    False Negative     32    F alse Negative     23 
False Positive     13    False Positive     11    F alse Positive      8 
 True Negative     42     True Negative     36     True Negative     30 
 True Positive     15     True Positive     17     True Positive     16 
            N=     95                N=     96                N=     77 
             

Second Chest Radiologist, Presence of Osteopenia, F irst Reading, CXR Compared 
to DXA (Lumbar Spine) 
Sensitivity 44.83% 31.75% to 58.46% 
Specificity 92.86% 80.49% to 98.42% 
Positive Likelihood Ratio 6.28 2.03 to 19.37 
Negative Likelihood Ratio 0.59 0.46 to 0.76 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 89.66% 72.62% to 97.69% 
Negative Predictive Value 54.93% 42.66% to 66.77% 

 
Second Chest Radiologist, Presence of Osteopenia, F irst Reading, CXR Compared 
to DXA (Hip) 
Sensitivity 37.50% 22.74% to 54.20% 
Specificity 76.36% 62.98% to 86.76% 
Positive Likelihood Ratio 1.59 0.85 to 2.95 
Negative Likelihood Ratio 0.82 0.62 to 1.08 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 53.57% 33.88% to 72.47% 
Negative Predictive Value 62.69% 50.01% to 74.20% 

 
Second Chest Radiologist, Presence of Osteopenia, F irst Reading, CXR Compared 
to DXA (Femoral Neck) 
Sensitivity 34.69% 21.68% to 49.64% 
Specificity 76.60% 61.97% to 87.68% 
Positive Likelihood Ratio 1.48 0.78 to 2.82 
Negative Likelihood Ratio 0.85 0.66 to 1.10 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 60.71% 40.58% to 78.47% 
Negative Predictive Value 52.94% 40.45% to 65.17% 

 
Second Chest Radiologist, Presence of Osteopenia, F irst Reading, CXR Compared 
to DXA (Trochanter) 
Sensitivity 41.03% 25.58% to 57.90% 
Specificity 78.95% 62.67% to 90.42% 
Positive Likelihood Ratio 1.95 0.95 to 4.01 
Negative Likelihood Ratio 0.75 0.55 to 1.02 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 66.67% 44.68% to 84.33% 
Negative Predictive Value 56.60% 42.28% to 70.16% 
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Second Chest Radiologist, Presence of Osteopenia, S econd Reading, CXR 
Compared to DXA (All Locations) 

 
Count        Impression  Count            Lumbar  C ount 

    normal     61    False Negative     34    False  Negative     29 
osteopenia     39    False Positive      6    False  Positive     10 
        N=    100     True Negative     27     True  Negative     32 
                      True Positive     33     True  Positive     29 
                                 N=    100                N=    100 
 
           Hip  Count           FemNeck  Count        Trochanter  Count 
False Negative     21    False Negative     26    F alse Negative     18 
False Positive     18    False Positive     15    F alse Positive     11 
 True Negative     37     True Negative     32     True Negative     27 
 True Positive     19     True Positive     23     True Positive     21 
            N=     95                N=     96                N=     77 
             

Second Chest Radiologist, Presence of Osteopenia, S econd Reading, CXR 
Compared to DXA (Lumbar) 
Sensitivity 50.00% 36.58% to 63.42% 
Specificity 76.19% 60.55% to 87.93% 
Positive Likelihood Ratio 2.10 1.15 to 3.82 
Negative Likelihood Ratio 0.66 0.48 to 0.89 
Disease prevalence 58.00% 47.71% to 67.80% 
Positive Predictive Value 74.36% 57.87% to 86.94% 
Negative Predictive Value 52.46% 39.27% to 65.40% 

 
Second Chest Radiologist, Presence of Osteopenia, S econd Reading, CXR 
Compared to DXA (Hip) 
Sensitivity 47.50% 31.52% to 63.87% 
Specificity 67.27% 53.29% to 79.31% 
Positive Likelihood Ratio 1.45 0.88 to 2.39 
Negative Likelihood Ratio 0.78 0.55 to 1.10 
Disease prevalence 42.11% 32.04% to 52.67% 
Positive Predictive Value 51.35% 34.41% to 68.07% 
Negative Predictive Value 63.79% 50.12% to 76.00% 

 
Second Chest Radiologist, Presence of Osteopenia, S econd Reading, CXR 
Compared to DXA (Femoral Neck) 
Sensitivity 46.94% 32.54% to 61.72% 
Specificity 68.09% 52.88% to 80.90% 
Positive Likelihood Ratio 1.47 0.88 to 2.46 
Negative Likelihood Ratio 0.78 0.56 to 1.08 
Disease prevalence 51.04% 40.63% to 61.39% 
Positive Predictive Value 60.53% 43.39% to 75.95% 
Negative Predictive Value 55.17% 41.54% to 68.25% 

 
Second Chest Radiologist, Presence of Osteopenia, S econd Reading, CXR 
Compared to DXA (Trochanter) 
Sensitivity 53.85% 37.19% to 69.90% 
Specificity 71.05% 54.09% to 84.56% 
Positive Likelihood Ratio 1.86 1.04 to 3.31 
Negative Likelihood Ratio 0.65 0.44 to 0.96 
Disease prevalence 50.65% 39.01% to 62.24% 
Positive Predictive Value 65.62% 46.81% to 81.41% 
Negative Predictive Value 60.00% 44.33% to 74.29% 
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Non-Chest Radiologist, End Plates Definition, First  Reading, CXR Compared to 
DXA (All Locations) 
 

Count           Lumbar    Count            Hip   Co unt 
    normal     30    False Negative     17    False  Negative     12 
osteopenia      7    False Positive      3    False  Positive      3 
        N=     37     True Negative     13     True  Negative     15 
                      True Positive      4     True  Positive      3 
                                 N=     37                N=     33 
                                                           
     FemNeck_1  Count      Trochanter_1  Count 
False Negative     14    False Negative     10 
False Positive      3    False Positive      3 
 True Negative     14     True Negative     11 
 True Positive      4     True Positive      3 
            N=     35                N=     27 
             

Non-Chest Radiologist, End Plates Definition, First  Reading, CXR Compared to 
DXA (Lumbar Spine) 
Sensitivity 19.05% 5.56% to 41.92% 
Specificity 81.25% 54.34% to 95.73% 
Positive Likelihood Ratio 1.02 0.26 to 3.91 
Negative Likelihood Ratio 1.00 0.73 to 1.36 
Disease prevalence 56.76% 39.49% to 72.89% 
Positive Predictive Value 57.14% 18.75% to 89.58% 
Negative Predictive Value 43.33% 25.48% to 62.56% 

 
Non-Chest Radiologist, End Plates Definition, First  Reading, CXR Compared to 
DXA (Hip) 
Sensitivity 20.00% 4.57% to 48.09% 
Specificity 83.33% 58.56% to 96.23% 
Positive Likelihood Ratio 1.20 0.28 to 5.10 
Negative Likelihood Ratio 0.96 0.69 to 1.33 
Disease prevalence 45.45% 28.12% to 63.64% 
Positive Predictive Value 50.00% 12.42% to 87.58% 
Negative Predictive Value 55.56% 35.34% to 74.50% 

 
Non-Chest Radiologist, End Plates Definition, First  Reading, CXR Compared to 
DXA (Femoral Neck) 
Sensitivity 22.22% 6.55% to 47.64% 
Specificity 82.35% 56.55% to 95.99% 
Positive Likelihood Ratio 1.26 0.33 to 4.82 
Negative Likelihood Ratio 0.94 0.68 to 1.31 
Disease prevalence 51.43% 34.00% to 68.61% 
Positive Predictive Value 57.14% 18.75% to 89.58% 
Negative Predictive Value 50.00% 30.66% to 69.34% 

 
Non-Chest Radiologist, End Plates Definition, First  Reading, CXR Compared to 
DXA (Trochanter) 
Sensitivity 23.08% 5.31% to 53.80% 
Specificity 78.57% 49.21% to 95.09% 
Positive Likelihood Ratio 1.08 0.26 to 4.42 
Negative Likelihood Ratio 0.98 0.65 to 1.47 
Disease prevalence 48.15% 28.68% to 68.04% 
Positive Predictive Value 50.00% 12.42% to 87.58% 
Negative Predictive Value 52.38% 29.81% to 74.25% 
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Non-Chest Radiologist, End Plates Shape (Fish Verte bra), First Reading, CXR 
Compared to DXA (All Locations) 

 
Count          Lumbar_2  Count             Hip_2  C ount 

    normal     37    False Negative     21    False  Negative     15 
osteopenia      1    False Positive      1    False  Positive      1 
        N=     38     True Negative     16     True  Negative     18 
                                 N=     38                N=     34 
                                                         
     FemNeck_2  Count      Trochanter_2  Count 
False Negative     18    False Negative     13 
False Positive      1    False Positive      1 
 True Negative     17     True Negative     14 
            N=     36                N=     28 
             

Non-Chest Radiologist, End Plates Shape (Fish Verte bra), First Reading, CXR 
Compared to DXA (Lumbar Spine) 
Sensitivity 0.00% 0.00% to 16.25% 
Specificity 94.12% 71.24% to 99.02% 
Positive Likelihood Ratio 0.00   
Negative Likelihood Ratio 1.06 0.94 to 1.20 
Disease prevalence 55.26% 38.30% to 71.37% 
Positive Predictive Value 0.00% 0.00% to 83.45% 
Negative Predictive Value 43.24% 27.11% to 60.51% 

 
Non-Chest Radiologist, End Plates Shape (Fish Verte bra), First Reading, CXR 
Compared to DXA (Hip) 
Sensitivity 0.00% 0.00% to 21.97% 
Specificity 94.74% 73.90% to 99.12% 
Positive Likelihood Ratio 0.00   
Negative Likelihood Ratio 1.06 0.95 to 1.17 
Disease prevalence 44.12% 27.20% to 62.11% 
Positive Predictive Value 0.00% 0.00% to 83.45% 
Negative Predictive Value 54.55% 36.36% to 71.88% 

 
Non-Chest Radiologist, End Plates Shape (Fish Verte bra), First Reading, CXR 
Compared to DXA (Femoral Neck) 
Sensitivity 0.00% 0.00% to 18.68% 
Specificity 94.44% 72.63% to 99.07% 
Positive Likelihood Ratio 0.00   
Negative Likelihood Ratio 1.06 0.95 to 1.18 
Disease prevalence 50.00% 32.93% to 67.07% 
Positive Predictive Value 0.00% 0.00% to 83.45% 
Negative Predictive Value 48.57% 31.39% to 66.00% 

 
Non-Chest Radiologist, End Plates Shape (Fish Verte bra), First Reading, CXR 
Compared to DXA (Trochanter) 
Sensitivity 0.00% 0.00% to 24.88% 
Specificity 93.33% 67.98% to 98.89% 
Positive Likelihood Ratio 0.00   
Negative Likelihood Ratio 1.07 0.94 to 1.23 
Disease prevalence 46.43% 27.53% to 66.12% 
Positive Predictive Value 0.00% 0.00% to 83.45% 
Negative Predictive Value 51.85% 31.96% to 71.32% 
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Non-Chest Radiologist, Body Shape (Wedged), First R eading, CXR Compared to 
DXA (All Locations) 

 
Count            Lumbar  Count               Hip  C ount 

    normal     34    False Negative     19    False  Negative     13 
osteopenia      4    False Positive      2    False  Positive      2 
        N=     38     True Negative     15     True  Negative     17 
                      True Positive      2     True  Positive      2 
                                 N=     38                N=     34 
                                                           
       FemNeck  Count        Trochanter  Count 
False Negative     16    False Negative     10 
False Positive      2     True Negative     15 
 True Negative     16     True Positive      3 
 True Positive      2                N=     28 
            N=     36                 
 

Non-Chest Radiologist, Body Shape (Wedged), First R eading, CXR Compared to 
DXA (Lumbar Spine) 
Sensitivity 9.52% 1.45% to 30.42% 
Specificity 88.24% 63.52% to 98.20% 
Positive Likelihood Ratio 0.81 0.13 to 5.16 
Negative Likelihood Ratio 1.03 0.82 to 1.28 
Disease prevalence 55.26% 38.30% to 71.37% 
Positive Predictive Value 50.00% 8.30% to 91.70% 
Negative Predictive Value 44.12% 27.20% to 62.11% 

 
Non-Chest Radiologist, Body Shape (Wedged), First R eading, CXR Compared to 
DXA (Hip) 
Sensitivity 13.33% 2.05% to 40.49% 
Specificity 89.47% 66.82% to 98.39% 
Positive Likelihood Ratio 1.27 0.20 to 7.97 
Negative Likelihood Ratio 0.97 0.75 to 1.25 
Disease prevalence 44.12% 27.20% to 62.11% 
Positive Predictive Value 50.00% 8.30% to 91.70% 
Negative Predictive Value 56.67% 37.44% to 74.52% 

 
Non-Chest Radiologist, Body Shape (Wedged), First R eading, CXR Compared to 
DXA (Femoral Neck) 
Sensitivity 11.11% 1.70% to 34.75% 
Specificity 88.89% 65.25% to 98.30% 
Positive Likelihood Ratio 1.00 0.16 to 6.35 
Negative Likelihood Ratio 1.00 0.79 to 1.26 
Disease prevalence 50.00% 32.93% to 67.07% 
Positive Predictive Value 50.00% 8.30% to 91.70% 
Negative Predictive Value 50.00% 31.90% to 68.10% 

 
Non-Chest Radiologist, Body Shape (Wedged), First R eading, CXR Compared to 
DXA (Trochanter) 
Sensitivity 23.08% 5.31% to 53.80% 
Specificity 100.00% 78.03% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 0.77 0.57 to 1.04 
Disease prevalence 46.43% 27.53% to 66.12% 
Positive Predictive Value 100.00% 30.48% to 100.00% 
Negative Predictive Value 60.00% 38.68% to 78.84% 
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Non-Chest Radiologist, Compression Fractures, First  Reading, CXR Compared to 
DXA (All Locations) 
 

   Count          Lumbar_1  Count             Hip_1   Count 
normal     37    False Negative     21    False Neg ative     14 
    N=     37     True Negative     16     True Neg ative     19 
                             N=     37                N=     33 
 
     FemNeck_1  Count      Trochanter_1  Count 
False Negative     17    False Negative     12 
 True Negative     18     True Negative     15 
            N=     35                N=     27 

 
Non-Chest Radiologist, Compression Fractures, First  Reading, CXR Compared to 
DXA (Lumbar Spine) 
Sensitivity 0.00% 0.00% to 16.25% 
Specificity 100.00% 79.24% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 56.76% 39.49% to 72.89% 
Positive Predictive Value     
Negative Predictive Value 43.24% 27.11% to 60.51% 

 
Non-Chest Radiologist, Compression Fractures, First  Reading, CXR Compared to 
DXA (Hip) 
Sensitivity 0.00% 0.00% to 23.34% 
Specificity 100.00% 82.20% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 42.42% 25.49% to 60.78% 
Positive Predictive Value     
Negative Predictive Value 57.58% 39.22% to 74.51% 

 
Non-Chest Radiologist, Compression Fractures, First  Reading, CXR Compared to 
DXA (Femoral Neck) 
Sensitivity 0.00% 0.00% to 19.67% 
Specificity 100.00% 81.32% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 48.57% 31.39% to 66.00% 
Positive Predictive Value     
Negative Predictive Value 51.43% 34.00% to 68.61% 

 
Non-Chest Radiologist, Compression Fractures, First  Reading, CXR Compared to 
DXA (Trochanter) 
Sensitivity 0.00% 0.00% to 26.65% 
Specificity 100.00% 78.03% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 44.44% 25.50% to 64.66% 
Positive Predictive Value     
Negative Predictive Value 55.56% 35.34% to 74.50% 
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Non-Chest Radiologist, Vertical Striations, First R eading, CXR Compared to DXA 
(All Locations) 
 

Count          Lumbar_2  Count             Hip_2  C ount 
    normal     33    False Negative     19    False  Negative     13 
osteopenia      5    False Positive      3    False  Positive      2 
        N=     38     True Negative     14     True  Negative     17 
                      True Positive      2     True  Positive      2 
                                 N=     38                N=     34 
                                                           
     FemNeck_2  Count      Trochanter_2  Count 
False Negative     15    False Negative     11 
False Positive      2    False Positive      2 
 True Negative     16     True Negative     13 
 True Positive      3     True Positive      2 
            N=     36                N=     28 
             

Non-Chest Radiologist, Vertical Striations, First R eading, CXR Compared to DXA 
(Lumbar Spine) 
Sensitivity 9.52% 1.45% to 30.42% 
Specificity 82.35% 56.55% to 95.99% 
Positive Likelihood Ratio 0.54 0.10 to 2.87 
Negative Likelihood Ratio 1.10 0.85 to 1.43 
Disease prevalence 55.26% 38.30% to 71.37% 
Positive Predictive Value 40.00% 6.49% to 84.60% 
Negative Predictive Value 42.42% 25.49% to 60.78% 

 

Non-Chest Radiologist, Vertical Striations, First R eading, CXR Compared to DXA 
(Hip) 
Sensitivity 13.33% 2.05% to 40.49% 
Specificity 89.47% 66.82% to 98.39% 
Positive Likelihood Ratio 1.27 0.20 to 7.97 
Negative Likelihood Ratio 0.97 0.75 to 1.25 
Disease prevalence 44.12% 27.20% to 62.11% 
Positive Predictive Value 50.00% 8.30% to 91.70% 
Negative Predictive Value 56.67% 37.44% to 74.52% 

 

Non-Chest Radiologist, Vertical Striations, First R eading, CXR Compared to DXA 
(Femoral Neck) 
Sensitivity 16.67% 3.77% to 41.44% 
Specificity 88.89% 65.25% to 98.30% 
Positive Likelihood Ratio 1.50 0.28 to 7.93 
Negative Likelihood Ratio 0.94 0.72 to 1.22 
Disease prevalence 50.00% 32.93% to 67.07% 
Positive Predictive Value 60.00% 15.40% to 93.51% 
Negative Predictive Value 51.61% 33.07% to 69.83% 

 

Non-Chest Radiologist, Vertical Striations, First R eading, CXR Compared to DXA 
(Trochanter) 
Sensitivity 15.38% 2.37% to 45.46% 
Specificity 86.67% 59.51% to 97.95% 
Positive Likelihood Ratio 1.15 0.19 to 7.08 
Negative Likelihood Ratio 0.98 0.72 to 1.32 
Disease prevalence 46.43% 27.53% to 66.12% 
Positive Predictive Value 50.00% 8.30% to 91.70% 
Negative Predictive Value 54.17% 32.84% to 74.42% 
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Non-Chest Radiologist, Empty Box, First Reading, CX R Compared to DXA (All 
Locations) 
 

   Count            Lumbar  Count               Hip   Count 
normal     38    False Negative     21    False Neg ative     15 
    N=     38     True Negative     17     True Neg ative     19 
                             N=     38                N=     34 
 
       FemNeck  Count        Trochanter  Count 
False Negative     18    False Negative     13 
 True Negative     18     True Negative     15 
            N=     36                N=     28 

 
Non-Chest Radiologist, Empty Box, First Reading, CX R Compared to DXA 
(Lumbar)  
Sensitivity 0.00% 0.00% to 16.25% 
Specificity 100.00% 80.33% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 55.26% 38.30% to 71.37% 
Positive Predictive Value     
Negative Predictive Value 44.74% 28.63% to 61.70% 

 
Non-Chest Radiologist, Empty Box, First Reading, CX R Compared to DXA (Hip) 
Sensitivity 0.00% 0.00% to 21.97% 
Specificity 100.00% 82.20% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 44.12% 27.20% to 62.11% 
Positive Predictive Value     
Negative Predictive Value 55.88% 37.89% to 72.80% 

 
Non-Chest Radiologist, Empty Box, First Reading, CX R Compared to DXA 
(Femoral Neck) 
Sensitivity 0.00% 0.00% to 18.68% 
Specificity 100.00% 81.32% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 50.00% 32.93% to 67.07% 
Positive Predictive Value     
Negative Predictive Value 50.00% 32.93% to 67.07% 

 
Non-Chest Radiologist, Empty Box, First Reading, CX R Compared to DXA 
(Trochanter) 
Sensitivity 0.00% 0.00% to 24.88% 
Specificity 100.00% 78.03% to 100.00% 
Positive Likelihood Ratio     
Negative Likelihood Ratio 1.00 1.00 to 1.00 
Disease prevalence 46.43% 27.53% to 66.12% 
Positive Predictive Value     
Negative Predictive Value 53.57% 33.88% to 72.47% 
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Non-Chest Radiologist, Presence of Osteopenia, Firs t Reading, CXR Compared to 
DXA (All Locations) 
 
             Count        Impression  Count            Lumbar  Count 
    normal     32    False Negative     21    False  Negative     18 
osteopenia      6    False Positive      2    False  Positive      3 
        N=     38     True Negative     11     True  Negative     14 
                      True Positive      4     True  Positive      3 
                                 N=     38                N=     38 
 
           Hip  Count           FemNeck  Count        Trochanter  Count 
False Negative     12    False Negative     15    F alse Negative     10 
False Positive      2    False Positive      3    F alse Positive      1 
 True Negative     17     True Negative     15     True Negative     14 
 True Positive      3     True Positive      3     True Positive      3 
            N=     34                N=     36                N=     28 

 
Non-Chest Radiologist, Presence of Osteopenia, Firs t Reading, CXR Compared to 
DXA (Lumbar Spine) 
Sensitivity 14.29% 3.22% to 36.37% 
Specificity 82.35% 56.55% to 95.99% 
Positive Likelihood Ratio 0.81 0.19 to 3.51 
Negative Likelihood Ratio 1.04 0.79 to 1.38 
Disease prevalence 55.26% 38.30% to 71.37% 
Positive Predictive Value 50.00% 12.42% to 87.58% 
Negative Predictive Value 43.75% 26.38% to 62.33% 

 
Non-Chest Radiologist, Presence of Osteopenia, Firs t Reading, CXR Compared to 
DXA (Hip) 
Sensitivity 20.00% 4.57% to 48.09% 
Specificity 89.47% 66.82% to 98.39% 
Positive Likelihood Ratio 1.90 0.36 to 9.95 
Negative Likelihood Ratio 0.89 0.66 to 1.20 
Disease prevalence 44.12% 27.20% to 62.11% 
Positive Predictive Value 60.00% 15.40% to 93.51% 
Negative Predictive Value 58.62% 38.94% to 76.46% 

 
Non-Chest Radiologist, Presence of Osteopenia, Firs t Reading, CXR Compared to 
DXA (Femoral Neck) 
Sensitivity 16.67% 3.77% to 41.44% 
Specificity 83.33% 58.56% to 96.23% 
Positive Likelihood Ratio 1.00 0.23 to 4.31 
Negative Likelihood Ratio 1.00 0.75 to 1.34 
Disease prevalence 50.00% 32.93% to 67.07% 
Positive Predictive Value 50.00% 12.42% to 87.58% 
Negative Predictive Value 50.00% 31.31% to 68.69% 

 
Non-Chest Radiologist, Presence of Osteopenia, Firs t Reading, CXR Compared to 
DXA (Trochanter) 
Sensitivity 23.08% 5.31% to 53.80% 
Specificity 93.33% 67.98% to 98.89% 
Positive Likelihood Ratio 3.46 0.41 to 29.36 
Negative Likelihood Ratio 0.82 0.59 to 1.14 
Disease prevalence 46.43% 27.53% to 66.12% 
Positive Predictive Value 75.00% 20.34% to 95.88% 
Negative Predictive Value 58.33% 36.66% to 77.86% 
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