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Abstract

We describe the methods and reliability of radiographic vertebral fracture assessment in MrOS, a

cohort of community dwelling men aged ≥65 yrs.

Lateral spine radiographs were obtained at Visit 1 (2000-2) and 4.6 years later (Visit 2). Using a

workflow tool (SpineAnalyzer™, Optasia Medical), a physician reader completed semi-

quantitative (SQ) scoring. Prior to SQ scoring, technicians performed “triage” to reduce physician

reader workload, whereby clearly normal spine images were eliminated from SQ scoring with all

levels assumed to be SQ=0 (no fracture, “triage negative”); spine images with any possible

fracture or abnormality were passed to the physician reader as “triage positive” images. Using a

quality assurance sample of images (n=20 participants; 8 with baseline only and 12 with baseline

and follow-up images) read multiple times, we calculated intra-reader kappa statistics and percent
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agreement for SQ scores. A subset of 494 participants' images were read regardless of triage

classification to calculate the specificity and sensitivity of triage.

Technically adequate images were available for 5958 of 5994 participants at Visit 1, and 4399 of

4423 participants at Visit 2. Triage identified 3215 (53.9%) participants with radiographs that

required further evaluation by the physician reader. For prevalent fractures at Visit 1 (SQ≥1),

intra-reader kappa statistics ranged from 0.79-0.92; percent agreement ranged from 96.9%-98.9%;

sensitivity of the triage was 96.8% and specificity of triage was 46.3%.

In conclusion, SQ scoring had excellent intra-rater reliability in our study. The triage process

reduces expert reader workload without hindering the ability to identify vertebral fractures.

1. Introduction

Vertebral fractures are the most common of all osteoporotic fractures, and are considered the

hallmark of osteoporosis.1 The importance of vertebral fractures as an independent risk

factor for future osteoporotic fractures is well understood.2-8 Age, bone mineral density and

prevalent vertebral fracture are the strongest predictors of future fractures.2,3,5 Even mild

fractures can have serious consequences, but are easily overlooked.2,5,6 Measurement of

vertebral deformity provides invaluable information and helps score the severity of fracture.

Several methods of describing osteoporotic fractures in lateral spine images have been

developed.9 Methods include semi-quantitative (SQ) techniques that involve a degree of

subjective judgment by a trained expert radiologist.10,11 The Genant SQ method10 has

become the standard for fracture assessment,12 but there still remains significant

subjectivity, particularly for mild fractures and relatively sparse data for its use in men. The

assessment of fracture is time consuming; therefore, to reduce workload, we implemented a

“triage” method whereby grossly normal spine images were eliminated from SQ scoring

with all levels assumed to be SQ=0 (not fractured).

Thus, the aim of this paper was to describe the methods and reliability of radiographic

vertebral fracture assessment in the Osteoporotic Fractures in Men (MrOS) study, a cohort

of community dwelling men aged 65 years and older. We evaluated the intra-reader

reliability of the SQ method and determined the sensitivity and specificity of the “triage”

process.

2. Methods

2.1 Study description and participants

MrOS is a study of 5,994 men initially recruited at six clinical centers in the United States

between 2000-2002. Descriptions of the cohort have been published elsewhere.13,14 Briefly,

to be eligible to participate, community-dwelling men must have been aged≥65 years,

ambulatory, and not have had bilateral hip replacements. At baseline and Visit 2 (an average

of 4.6±0.4SD years after baseline) participants provided medical information and had lateral

thoracic and lumbar radiographs taken. As previously described, height, weight, body mass

index, and bone mineral density at the spine, total hip and femoral neck were measured; t-

scores were calculated using female normative values.15
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2.2 Lateral spine radiograph acquisition

Lateral thoracic and lumbar spine radiographs were taken with a tube-to-film distance of 40

inches, using a breathing technique, with thoracic films centered at T7 and lumbar films

centered at L3. At the baseline exam, all participants had conventional (film-based)

radiographs of the lumbar and thoracic spine; at Visit 2, four clinical centers acquired

conventional radiographs and two clinical centers acquired the images digitally. All

conventionally acquired film images were scanned to digital format; all images were read

digitally. At baseline all 5994 men had thoracic and lumbar radiographs of which 5958 were

technically adequate. At Visit 2, 4,423 men provided both a lumbar and thoracic radiograph

of which 4,399 were technically adequate. Participants who did not have radiographs taken

at Visit 2 had either died (N=571) or terminated study participation (N=85) before the visit;

were living but did not attend any part of Visit 2 (N=109); or only provided questionnaire

data at the visit (N=806).

2.3 Vertebral fracture assessment: Overview

The general process for review of spine images in MrOS is as follows. First, all spine

images were assessed for quality and underwent a “triage process” by trained technicians,

the purpose of which was to eliminate grossly normal images from SQ assessment, thereby

reducing the number of images that needed to be read by the physician reader and limiting

costs. Once triage was complete, all films from participants with a possible fracture or

abnormality (“triage positive”) were evaluated by a physician reader using the SQ method of

Genant10 using a software workflow tool (SpineAnalyzer™, Version 3.2, Optasia Medical

Ltd., Cheadle, UK).

2.4 Triage: Detailed Workflow

Paired (baseline and follow-up) participant radiographs were assigned to one of the

following three categories based on review by a technician:3

1. normal

2. uncertain (one or more possible deformities, anatomical problems or marginal

quality film)

3. likely presence of at least one vertebral deformity (SQ≥1) at either baseline or

follow-up

The triage classification was performed using all available images. (That is, Visit 1 and 2

images were reviewed unless Visit 2 images were not obtained; otherwise only Visit 1

images were used.) The classification was performed by two radiology technicians who had

been previously trained and certified by a radiologist.3 Men with all images falling into

category 1 (no vertebral deformities at any visit, “triage negative”) were classified as not

fractured, and their radiographs were not further assessed for SQ scoring. Participants with

any images classified into categories 2 or 3 were considered “triage positive”, and had SQ

scoring completed on all available images by the physician reader. To evaluate the process

of triage, 494 participants were selected at random, and the physician reader completed SQ

scoring on these images regardless of triage status.
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2.6 Triage: Sensitivity and Specificity

We calculated the sensitivity and specificity of the triage process using the random sample

of 494 participants. We used the participant as the unit of analysis (rather than the x-ray or

vertebrae). This is because all of a single participants' x-ray images (up to four images) were

designated either “triage positive” or “triage negative” as they were reviewed at the same

time.

2.5 Vertebral Fracture Assessment: Detailed Workflow

All “triage positive” images were read using SpineAnalyzer™ Software Version 3.2

(Optasia Medical Ltd., United Kingdom). SpineAnalyzer™ is a semi-automatic clinical

workflow tool which facilitates the visual or quantitative assessment of vertebral body

deformities between vertebral levels T4 and L4 in lateral DXA or digital/digitized x-ray

images. The software may also be used to record Genant SQ scores based on visual

assessment.

In MrOS, the software was used as a workflow tool to visualize the image, assign vertebral

levels and evaluate for SQ as would be done on any lateral spine image. No automated

readings of SQ, from SpineAnalyzer™ or elsewhere, were used in this study. Although not

evaluated herein, SpineAnalyzer™ may be also used by qualified medical professionals to

annotate full vertebral outlines and standard 6-point morphometry for each vertebral level,

from which vertebral heights and deformity ratios can be calculated. However, in MrOS, the

reliability of the vertebral outlines and 6 point morphometry has not yet been evaluated.

The general workflow for the software as employed in MrOS is as follows:

1. Load and display digitized subject images with baseline and follow-up images

positioned side-by-side on the display.

2. Place a single point at the approximate center of each vertebra to be analyzed.

3. Label vertebral levels to initiate automatic vertebral outline search.

4. Review and if necessary, manually correct vertebral outlines and morphometry

points. This step records 6-point and 95-point quantitative morphometry data for

each vertebral level in the study database.

5. The physician reader records SQ score for each vertebra or reason why SQ score

cannot be assessed.

Longitudinal images were reviewed together. Vertebral levels were read on the same image

type (lumbar or thoracic) at baseline and follow-up. For example, if L1 could not be

visualized on the lumbar image at baseline, it would be read on the thoracic image at both

baseline and follow-up.

2.6 Semi-quantitative (SQ) scoring of deformity: Detailed Workflow

After identifying each vertebral level, a single physician reader (JTS) classified each

vertebra using the Genant SQ method in which the vertebra is rated according to the severity

of loss of height and other qualitative features.3,10 This method was applied as has been
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extensively described previously,10 with the exception that mild fractures (with SQ score=1)

required the presence of depression of most of the endplate. The reason for this is to

distinguish wedged vertebrae from non-fracture deformities (such as short vertebral height)

and degenerative changes, the presence of which lower the reliability of SQ readings.16

Non-osteoporotic deformities were recorded, such as congenital anomalies, Schuermann's

disease, or degenerative disease according to study protocol. Occasionally, these non-

osteoporotic deformities made it challenging to determine if a vertebral fracture was present

or not. These conditions did not prevent the physician reader from providing an SQ score, as

long as the endplates and cortical margins were distinct. For example, a vertebral level with

a wedge shape with adjacent degenerative disc disease and anterior osteophytes would

nonetheless be read as fractured, if there was also endplate depression and/or clear buckling

of the cortex. Infrequently, individual vertebra levels could not be scored because of poor

image quality (level not entirely within radiograph, indistinct endplates or cortical margins).

2.7 SQ: Prevalence and Reliability

We report prevalence SQ score and non-osteoporotic deformities. Chi-square tests were

used to compare the prevalence of SQ score ≥1 by presence of non-osteoporotic deformity.

To assess reliability of the SQ scoring method, a convenience sample for a quality assurance

(QA) reading set (N=20) with a high proportion of fractures was used. Of the participants in

this dataset, 8 contributed baseline images (lumbar and thoracic) and 12 contributed both

baseline and follow-up images (2 lumbar and 2 thoracic images) for a total of 64 images. In

all, these 64 images represented a maximum of 416 vertebrae. In the final MrOS dataset, the

distribution of SQ scores in these vertebrae was as follows: 14 unreadable, 370 with SQ = 0;

4 with SQ = 1; 22 with SQ = 2 and 6 with SQ = 3. Intra-reader reliability of SQ scoring was

assessed using three repeat reads of this dataset by a single reader (JTS). The reads were

performed on three occasions: at study inception, during an interim reading and at study

close out, with a period of approximately 12 months in between each read. Image order was

not re-randomized for each repeat read. The physician reader was aware that he was reading

a QA set of images, but was unable to access data from previous readings to compare or

change results.

Kappa statistics were calculated for each pairing of repeat reads (Repeat 1 vs. Repeat 2,

Repeat 1 vs. Repeat 3 and Repeat 2 vs. Repeat 3) for two outcomes: a mild or worse fracture

(SQ≥1) vs. normal (SQ=0); and moderate or severe fracture (SQ≥ 2) vs. normal or mild

(SQ=0,1). Each vertebral level contributed one record to the dataset for the reliability

analyses (that is, there was one record per vertebrae per participant at each visit). Kappa

values of 0.75 or greater are considered to represent excellent reproducibility.17

3. Results

3.1 Participant characteristics and prevalence and incidence of fractures

Among those with technically adequate radiographs at baseline (n=5958), average age was

73.6 ± 5.9 SD years. On average, men tended to be overweight (Table 1).
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At baseline, 689 men (11.6%) had at least one mild or worse prevalent vertebral fracture

(SQ≥1). Of these, 448 men (7.5%) had at least one fracture with an SQ score≥2; and 132

men (2.2%) and at least one fracture with an SQ score>3. The number of moderate or severe

(SQ>=2) fractures per participant was as follows: 5510 (92.5%) had no moderate or severe

fractures; 361 (6.1%) had only 1 moderate or severe fracture; 87 (1.5%) had 2 or more

moderate or severe fractures. Only 2.4% of participants (N=145) had at least one vertebral

level that could not be evaluated at baseline.

At baseline, many participants (48.1%, N=2855) had a non-osteoporotic deformity; mostly

degenerative changes (N=2818, 47.3%) with fewer men with congenital anomalies (N=14,

0.2%), Scheurmann's disease (N=32, 0.5%) or other conditions (N=102, 1.7%). When

analyzed as one-record per vertebral level per participant, of the 77,221 levels evaluated,

60,415 (78.2%) levels had a SQ score = 0 and did not have a non-osteoporotic deformity;

621 (0.8%) had a SQ score≥1 and did not have a non-osteoporotic deformity; 15830 (20.5%)

had a SQ score = 0 and but had a non-osteoporotic deformity; and 355 (0.5%) had both a

non-osteoporotic deformity and an SQ score ≥1. The prevalence of fracture (SQ score≥1)

was higher in those levels with (2.2%) compared to without (1.0%) a non-osteoporotic

deformity (p<0.05).

Among 4397 participants with baseline and follow-up images, 197 (4.5%) had an incident

fracture (an increase in SQ score of ≥1, a new or worsening fracture) between visits. Only

1.8% of participants (N=81) had at least one vertebral level that could not be evaluated at

follow-up.

3.2 Reliability of technician triage

Triage identified 3215 (53.9%) participants with radiographs that required further evaluation

by SQ (i.e., “triage positive”). The sensitivity of the triage process was excellent, as assessed

in a random sample of 494 participants. At Visit 1, for prevalent fractures of SQ≥1, the

sensitivity of triage was 96.8% and the specificity was 46.3%. Thus, there were very few

participants with fractures that were undetected (N=3,false negatives) while many images

that were “triage positive” were not confirmed as fractures (N=214, false positives). At Visit

1, for prevalent fractures with an SQ≥2, the sensitivity of triage was 98.3% and the

specificity was 42.9%. Similar results were seen for Visit 2 prevalent fractures (SQ≥1:

sensitivity: 97.3%, specificity: 43.8%; SQ≥2: sensitivity: 97.9%, specificity: 40.3%).

3.3 Reliability of SQ scoring

The range of kappa scores for intra-reader agreement for SQ=0 vs. SQ≥1 (shaded cells) and

for SQ=0 or 1 vs. SQ≥2 are reported in Table 2.

4. Discussion

The sensitivity and specificity of the triage approach has not previously been reported for

men. The triage process used in this study had excellent sensitivity while reducing the

workload of the physician reader by almost half. Although the specificity of triage was poor,

this is acceptable, as the decision rules for triage were established to eliminate as many false

negatives as possible (that is, missing fractures that should have been deemed triage
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positive) at the potential expense of increasing false positives (identifying images “triage

positive” when in fact no fracture exists).

The reliability of SQ scoring in this study was excellent and better than or similar to other

reports. The original Genant description of the SQ method showed an intra-reader kappa of

0.93 and percent agreement of 98% for an experienced reader and a kappa of 0.76 and

percent agreement of 98% for an inexperienced reader.10 Subsequent studies have reported a

similar range of values (Grados et al.,18 kappa: 0.95, percent agreement: 95%; Wu et al.,19

kappa: 0.80-0.81, percent agreement; 94.2%-94.4%) which are similar to our range of kappa

values (0.79-0.92) and percent agreement (96.9%-98.9%). Kappa statistics vary based on the

underlying distribution of fractures, and since the prevalence of fractures varied across

studies, direct comparison of the kappa scores across studies is limited.

We found that, by vertebral level, the prevalence of mild or worse fracture (SQ score ≥1)

was greater in the presence of non-osteoporotic deformities. Thus, whenever possible,

vertebral levels should be evaluated for SQ regardless of the presence of non-osteoporotic

deformities. The reasons for the higher prevalence of vertebral fracture in levels with non-

osteoporotic deformities are unclear as this could reflect true differences in fracture

prevalence by presence or absence of non-osteoporotic deformities or it could reflect

measurement error by non-osteoporotic fracture status; this area will be the subject of future

analyses.

This study represents the largest cohort of community dwelling men in a non-referral

population with state-of-the-art assessment of vertebral fracture status on lateral spine

radiographs. However, some limitations must be noted. First, MrOS is a cohort of older,

mostly white, community-dwelling men. The reliability and precision of these measures may

be different in women, other races, and the institutionalized or infirm, as the prevalence of

vertebral fractures and non-osteoporotic deformities that influence assessment of the

vertebral body are likely to be different in these other populations. Second, our sample for

repeat assessment was relatively small. Additionally, while particularly useful to research

studies, these results may have limited applicability to clinical settings, as our study used a

single reader with extensive specific training for assessment of vertebral fractures. Third, we

used a small subset of participants with a high prevalence of moderate and severe fractures

to evaluate the reliability of the physician reader. The higher number of moderate fractures

and fewer number of mild fractures in this subset may have artificially inflated the degree of

agreement as the mild fractures traditionally have the most disagreement.

5. Conclusions

We show excellent reliability for SQ scoring and demonstrate that the triage process reduces

physician reader workload while maintaining the ability to accurately identify fractures,

including mild fractures.
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Table 1
Characteristics of MrOS men with radiographic vertebral fracture assessment

Characteristics Mean (SD) or N (%)

Age (years) 73.6 (5.9)

Weight (kg) 83.1 (13.3)

Height (cm) 174.1 (6.8)

BMI (kg/m2) 27.4 (3.8)

Lumbar spine BMD (g/cm2) 1.170 (0.254)

Total hip BMD (g/cm2) 0.958 (0.140)

Total hip t-score 0.13 (1.15)

Femoral neck BMD (g/cm2) 0.784 (0.128)

Femoral neck t-score -0.62 (1.07)

At least one prevalent vertebral fracture, SQ≥1 689 (11.6%)

At least one prevalent vertebral fracture, SQ≥2 448 (7.5%)

At least one incident fracture, change in SQ≥1 between Visit 1 and Visit 2 197 (4.5%)
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Cawthon et al. Page 10

Table 2
Kappa statistic (95% confidence interval) and percent agreement for three sets of intra-
rater evaluations

No fracture (SQ=0) vs mild or worse fracture (SQ≥1)

Reading 1 Reading 2 Reading 3

None or mild fracture (SQ=0,1) vs moderate or
worse fracture (SQ≥2)

Reading 1 -- 0.93 (0.86, 1.00) 98.9% 0.82 (0.71, 0.94) 97.5%

Reading 2 0.92 (0.84, 1.00) 98.9% -- 0.79 (0.67, 0.91) 96.9%

Reading 3 0.81 (0.67, 0.94) 97.8% 0.81 (0.67, 0.94) 97.8% --
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