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Abstract
Purpose  To investigate the time and effort needed to perform vertebral morphometry, as well as inter-observer agreement 
for identification of vertebral fractures on vertebral fracture assessment (VFA) images.
Methods  Ninety-six images were retrospectively selected, and three radiographers independently performed semi-automatic 
6-point morphometry. Fractures were identified and graded using the Genant classification. Time needed to annotate each 
image was recorded, and reader fatigue was assessed using a modified Simulator Sickness Questionnaire (SSQ). Inter-
observer agreement was assessed per-patient and per-vertebra for detecting fractures of all grades (grades 1–3) and for 
grade 2 and 3 fractures using the kappa statistic. Variability in measured vertebral height was evaluated using the intraclass 
correlation coefficient (ICC).
Results  Per-patient agreement was 0.59 for grades 1–3 fracture detection, and 0.65 for grades 2–3 only. Agreement for per-
vertebra fracture classification was 0.92. Vertebral height measurements had an ICC of 0.96. Time needed to annotate VFA 
images ranged between 91 and 540 s, with a mean annotation time of 259 s. Mean SSQ scores were significantly lower at the 
start of a reading session (1.29; 95% CI: 0.81–1.77) compared to the end of a session (3.25; 95% CI: 2.60–3.90; p < 0.001).
Conclusion  Agreement for detection of patients with vertebral fractures was only moderate, and vertebral morphometry 
requires substantial time investment. This indicates that there is a potential benefit for automating VFA, both in improving 
inter-observer agreement and in decreasing reading time and burden on readers.

Keywords  Vertebral fracture assessment · Dual-energy x-ray absorptiometry · Vertebral morphometry · Inter-observer 
agreement · Osteoporosis

Introduction

With a current estimate of 200 million people worldwide, 
osteoporosis is the most common metabolic bone disease 
[1]. The prevalence of osteoporosis is higher in women and 
increases with age, from 19% among women aged 65 to 

74 years to > 50% in women aged ≥ 85 years [2–4]. With 
age the predominant factor associated with osteoporosis, 
the number of osteoporosis patients is expected to increase 
dramatically with the aging population [5]. Osteoporosis is 
defined as “a systemic skeletal disorder characterized by a 
low bone mass and by microarchitectural deterioration of 
bone tissue, with a subsequent increase in bone fragility and 
susceptibility to fracture.” Vertebrae are the most common 
site for osteoporotic fractures, and vertebral fractures have 
a major impact on patients’ quality of life due to back pain, 
reduced physical capability, poor perceived general health, 
and emotional status [6].

Presentation of a vertebral fracture, without major trauma 
or local disease, is a strong indicator for osteoporosis and an 
independent predictor of subsequent osteoporotic fractures, 
not only in the spine but also the hip [7, 8]. Corrected for 
age and bone mineral density (BMD), a vertebral fracture 
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is associated with a four- to fivefold increase in risk of a 
subsequent vertebral fracture [8–10] or hip fracture [11]. 
Assessment of vertebral fractures is therefore considered 
fundamental in management and treatment of osteoporosis 
and the prevention of subsequent osteoporotic fractures [12, 
13].

Although conventional lateral radiography of the spine 
remains the gold standard for identification of vertebral 
fractures, densitometric vertebral fracture assessment 
(VFA) has some important advantages. Dual-energy x-ray 
absorptiometry (DXA) equipment is used to make a lateral 
spine scan, requiring very little radiation exposure (3–40 
vs. 600–1600 microSieverts for spinal radiography) [14]. 
Specialized software allows for quantitative vertebral mor-
phometry to identify vertebral fractures on these images. 
Even though VFA image resolution is lower than that of 
spinal radiographs, VFA has shown good sensitivity and 
specificity for the detection of vertebral fractures [15], and 
more patients with asymptomatic vertebral fractures can be 
identified if VFA is used systematically at the time of bone 
mineral density measurement. However, vertebral morpho-
metry requires manual or semi-automatic characterization of 
vertebral height, which is labor-intensive and may be subject 
to inter-observer variability, limiting widespread adoption in 
clinical practice. Automation of vertebral fracture detection 
may help overcome this problem. Question remains whether 
there is a business case for VFA automation tools. Therefore, 
this reader study investigates the time and effort needed to 
manually perform vertebral morphometry, as well as inter-
observer variability for identification of vertebral fractures 
on VFA images.

Methods

Patients

For this study, a retrospective search was conducted in 
the digital Picture Archiving and Communication System 
(PACS) of patients referred for DXA imaging between 01 
July 2019 and 31 March 2020 who underwent VFA imag-
ing. The study protocol was approved by the Medical Ethics 
Committee of the Leiden University Medical Center (reg-
istration number G20.032), and the requirement to obtain 
written consent was waived. Of all patients who underwent 
VFA in this timeframe, a group of 96 patients was randomly 
selected while stratifying for age and presence of vertebral 
fractures of different types and severities on different verte-
bral levels. Indications for VFA include clinically suspected 
or diagnosed osteoporosis, chronic glucocorticoid therapy, 
and follow-up after organ transplant [16]. In our Fracture 
Liaison Service (FLS), patients often undergo both VFA 
and conventional spinal radiography on the same day. When 

available, these spinal radiographs were also included in the 
analysis.

Image acquisition

Postero-anterior and lateral VFA images of the thora-
columbar spine (T4—L4) were made by trained radiogra-
phers using Hologic Horizon A DXA equipment (Hologic, 
Bedford, MA, USA. Software version 13.6). Patients were 
positioned in supine position with a cushion supporting the 
knees, and the c-arm was rotated for lateral imaging. Routine 
BMD measurements at the level of the lumbar spine (L1–L4) 
and the hip were made by dual-energy absorptiometry in the 
same session on the same equipment. T-scores for adults and 
Z-scores for children were calculated from hip and spine 
BMD using NHANES-III reference values. The diagnosis 
for normal BMD, osteopenia, or osteoporosis was estab-
lished using the World Health Organization criteria, with 
osteopenia diagnosed for T-scores or Z-scores between − 1 
and − 2.5, and osteoporosis for T-scores or Z-scores equal 
to or below − 2.5.

Lateral radiographs of the thoracic and lumbar spine 
were acquired using a standardized protocol, with the Canon 
CXDI detector (Canon Inc., Ota, Japan) centralized on T7 
for the thoracic spine and on L3 for the lumbar spine.

Assessment of vertebral fractures

VFA images were independently analyzed by three clini-
cal radiographers using Hologic Physician Viewer software 
(Version 7.3, Hologic, Bedford, MA, USA). In our center, 
these radiographers routinely perform VFA image acquisi-
tion and vertebral morphometry in clinical practice as part 
of our FLS. Radiographers had different levels of experi-
ence with VFA (R1 20 years, R2 10 years, and R3 5 years) 
and were blinded to each other’s assessments. The study 
workflow is schematically depicted in Fig. 1. Each reader 
performed vertebral semi-automatic 6-point morphometry, 
in which the software automatically places points on the 
four corners and in the middle of both the upper and lower 
endplate of each vertebra from T4 to L4. The positions of the 
points are then manually adjusted by the readers. The soft-
ware calculates the anterior, medial, and posterior vertebral 
heights and uses these to determine height ratios. The wedge 
ratio is calculated by dividing anterior height by posterior 
height, biconcavity is calculated by dividing medial height 
by posterior height, and the crush ratio is determined by 
dividing posterior height by posterior heights of adjacent 
vertebrae. If adjacent vertebrae are fractured, the height of 
the closest non-fractured vertebra is used to determine the 
crush ratio.

After determining the height ratios, a grade (1–3) is 
assigned to the fracture, as defined by Genant et al., to 
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quantify the severity of the vertebral fracture. [17]. Grade 0 
(normal) is assigned for a height loss of less than 20%, grade 
1 for height loss between 20 and 25% (mild), grade 2 for a 
height loss between 25 and 40% (moderate), and grade 3 for 
a height loss of more than 40% (severe). In the Genant semi-
quantitative method, readers estimate vertebral heights and 
do not perform quantitative morphometry on all vertebrae. 
In contrast, we used a method in which quantitative morpho-
metry is performed on all vertebrae in the image, after which 
vertebrae are graded using the same Genant grading system. 
Only vertebrae that the radiographers deemed not evaluable 
due to insufficient image quality or image artefacts were not 
annotated and classified as not evaluable.

Both the classification per vertebra and the coordinates 
of the 6 points describing its morphology were exported for 
analysis. To allow for accurate comparison of annotations 
made by the different radiographers, the images were cross-
checked for differences in identification of vertebral levels. 

In case of discrepancies in the assigned vertebral level, cor-
rections were made in vertebral levels where the majority 
vote by two of the three readers was assumed to be correct.

Conventional spinal radiographs were visually evaluated 
using the Genant semi-quantitative classification method by 
an experienced radiologist who was not involved in VFA 
annotation. With this method, vertebral height deviations 
were taken into account, as well as morphological charac-
teristics including endplate fracture, cortical buckling, lack 
of endplate parallelism, and loss of vertical continuity.

Reader fatigue

All VFA images were presented to each radiographer in 
the same order and were sequentially annotated in ses-
sions where 6 images were annotated. The time needed 
to annotate each image was recorded. Between differ-
ent annotation sessions, a break of at least 15 min was 

Fig. 1   Schematic description of the VFA annotation workflow in our 
study. Three radiographers annotated the same 96 images in sessions 
of 6 images, with at least 15  min between sessions. Reader fatigue 
was assessed by SSQ at the start and end of each annotation session. 

Annotation consisted of 6-point morphometry by semi-automatic 
landmark placement on vertebrae from T4 to L4, after which Genant 
classifications were automatically calculated. SSQ = Simulator Sick-
ness Questionnaire
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planned. At the start and end of each session, the readers 
filled in a modified oculomotor Simulator Sickness Ques-
tionnaire (SSQ) to assess reader fatigue [18]. The readers 
were asked to score the presence of 7 common symptoms 
(general discomfort, fatigue, headache, eyestrain, diffi-
culty focusing, difficulty concentrating, blurred vision) 
on a 5-point scale; the overall SSQ score was given as the 
sum of these scores.

Analyses and statistics

Inter-observer variability of classification of vertebral 
deformities using 6-point morphometry on VFA images 
was assessed on per-patient level and on per-vertebra 
level. For the per-patient analysis, each image was clas-
sified as either fractured or not fractured based on the 
vertebra with the highest Genant grade in the evaluated 
image. As a measure of inter-observer agreement, the 
kappa statistic was calculated for detecting fractures of all 
grades (grades 1–3) and for moderate and severe (grades 2 
and 3) only. Since raters were not forced to assign a fixed 
number of cases to each category, Randolph’s free-mar-
ginal multirater kappa was used [19]. Randolph’s kappa 
was also calculated to determine per-vertebra agreement 
of fracture severity classifications.

In addition, inter-observer variability with respect to 
landmark placement was evaluated. This was done by 
comparing the absolute landmark coordinates and abso-
lute vertebral height measurements across readers. Vari-
ability in landmark placement was expressed as Euclidean 
distance to the average landmark location across radiog-
raphers. Distance to the average landmark location for 
patients where all radiographers agreed on fracture status 
and for patients where there was disagreement was com-
pared using the Student's t-test. Reliability in vertebral 
height measurement was expressed as intraclass correla-
tion (ICC; fixed raters, single rating). ICC values less 
than 0.5 were considered indicators of poor reliability; 
values between 0.5 and 0.75 indicate moderate reliability, 
values between 0.75 and 0.9 indicate good reliability, and 
values greater than 0.90 indicate excellent reliability [20].

In 57 patients (60%), spinal radiographs were available 
and used as a gold standard to determine the presence of 
a vertebral fracture. This was used to compute Cohen’s 
kappa, sensitivity, and specificity for each radiographer 
individually for detecting a vertebral fracture regardless 
of fracture grade and for grade 2 and 3 fractures only.

For comparing the annotation efforts, the SSQ scores 
at the start and end of the annotation sessions were eval-
uated by comparing medians using a Wilcoxon Signed 
Rank test. Significance levels for all statistical tests were 
set to 0.05.

Results

VFA images of 2468 patients were made within the 
defined time frame. Of these, 96 images were selected and 
annotated by the three radiographers. Annotations for one 
VFA image were lost due to a data transfer error, so 95 
annotated VFA images were included for analysis.

Sixty-five (68%) of the included patients were 
female, and 30 (32%) were male. The mean age was 
61.4 ± 16.0  years (range 12–85). Forty-four (46%) of 
patients had BMD in the osteopenic range, 32 (34%) had 
osteoporosis, and 19 (20%) had normal BMD.

Discrepancies in labeling of vertebral levels across radi-
ographers were found in 16 patients (153 vertebrae), all 
of which could be resolved by applying the vertebral label 
given by the majority of the radiographers.

Fracture classification

Per patient analysis

All three radiographers agreed for 42 patients that no ver-
tebral fractures were visible, and 24 patients had one or 
more fractures of grades 1–3, as agreed on by all three 
radiographers. In the remaining 29 patients, there was 
disagreement about the presence of fractures; 11 had one 
or more fractures detected by two radiographers, and 18 
patients had a fracture detected by only one of the radiog-
raphers. This resulted in a Randolph’s kappa score of 0.59. 
When including only grades 2–3 fractures, 56 patients 
were considered not fractured, 14 were considered frac-
tured, and there was disagreement in 25 patients, resulting 
in a kappa score of 0.65. Fracture classification and reader 
agreement are presented in Fig. 2. Agreement between 
sets of two radiographers ranged between 0.53 and 0.62 
(Cohen’s kappa) and was higher between the two least 
experienced radiographers (R2 & R3: 0.62) than between 
the most experienced radiographer and the less experi-
enced radiographers (R1 & R2: 0.53; R1 & R3: 0.57).

For 57 patients, a spinal radiograph was available. Of 
these, 28 patients (49%) had at least one vertebral frac-
ture grades 1–3, and 16 patients (28%) had one or more 
vertebral fractures of grades 2–3. Only 15 (54%) patients 
with grade 1–3 fractures and 5 (31%) patients with grade 
2–3 fractures were detected by all three radiographers on 
VFA. Agreement scores between VFA and spinal radi-
ography were 0.51 for R1, 0.58 for R2, and 0.54 for R3 
for fractures regardless of severity. When including only 
grade 2–3 fractures, kappa scores were 0.52, 0.57, and 
0.60, respectively. When considering fracture detection on 
spinal radiographs as the ground truth, the radiographers 
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detected vertebral fractures on VFA with a sensitivity 
ranging between 0.69 and 0.75 and a specificity ranging 
between 0.81 and 0.90 for detection of grade 2–3 vertebral 
fractures.

Per vertebra analysis

Of the 1235 vertebrae included, 121 (9.8%) vertebrae in 45 
patients were considered not evaluable by one or more radi-
ographers and were excluded for per-vertebra analyses. T4 
was not evaluated most often (40), followed by T5 (18), T6 
(18), T7 (15), T8 (10), L4 (8), T9 (7), T10 (3), T11 (1), and 
T12 (1). Randolph’s kappa for agreement between radiog-
raphers for per-vertebra fracture severity classification was 
0.92. When split per vertebral level, agreement was highest 
for L4 (0.96) and lowest for T7 (0.84). Agreement per verte-
bral level is shown in Fig. 3. Agreement for T4 could not be 

determined since all included T4 vertebrae were considered 
normal by all three radiographers. Of the 121 vertebrae that 
were considered not evaluable by one or more radiographers, 
12 vertebrae in 9 patients were classified as fractured (grades 
2–3) by another radiographer. For 6 patients, this affected 
the highest-grade vertebra and would have affected fracture 
diagnosis.

Height measurement and landmark placement

Landmark placement was analyzed for all 1127 evaluable 
vertebrae. With 6 landmarks per vertebra, this resulted in 
a total of 6762 sets of landmark coordinates, each set con-
sisting one coordinate pair for each radiographer. For each 
landmark, the average location across radiographers was 
determined. The distance to the average location ranged 
between 0.0 and 8.36 mm, with a mean absolute distance 

Fig. 2   Highest detected Genant 
classification per patient as 
determined by the three radiog-
raphers. Patients are classified 
as fractured or not fractured, 
either including grade 1 (a) or 
excluding grade 1 (b)

Fig. 3   Agreement (Randolph’s 
kappa) per vertebral level for 
vertebral fracture severity 
classification on VFA. The red 
dashed line indicates overall 
agreement level. Agreement 
for T4 could not be determined 
since all included T4 vertebrae 
were considered grade 0 by all 
radiographers
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of 0.81 mm (95% CI: 0.80–0.82). The spread around the 
mean for each landmark is shown in Fig. 4. Spread is slightly 
elongated in the anteroposterior direction (x-direction) with 
a standard deviation of 0.84 mm compared to 0.52 mm in 
the craniocaudal y-direction. For patients where all radiog-
raphers agreed on the classification in fractured (grades 2–3) 
or not fractured (grades 0–1), the mean absolute distance 
was 0.79 mm (95% CI: 0.78–0.80). For patients where there 
was disagreement, this was 0.87 mm (95% CI: 0.86–0.89; 
p < 0.001).

Vertebral height measurements showed a mean absolute 
difference from the average across radiographers of 1.38 mm 
(95% CI: 1.36–1.41), with an intraclass correlation of 0.96.

Reading time and reader discomfort

The time needed to annotate the VFA images ranged 
between 91 and 540 s, with a mean annotation time of 259 s. 
Mean SSQ scores were significantly lower at the start of 
a reading session (1.29; 95% CI: 0.81–1.77) compared to 
the end of a reading session (3.25; 95% CI: 2.60–3.90; 
p < 0.001). SSQ scores per reader for each reading session 
are shown in Fig. 5.

Discussion

Inter‑observer agreement for vertebral fracture 
assessment

In this study, inter-observer agreement of VFA for diagno-
sis of vertebral fractures was evaluated. On a per-patient 
level, agreement between readers was moderate for grade 
2–3 fractures. However, when evaluating classifications on a 
per-vertebra level, agreement was much higher. This appar-
ent difference can be explained by the way per-patient clas-
sifications are determined. Readers can agree that a patient 
has twelve non-fractured vertebrae, but disagree whether the 
remaining vertebra is fractured or not. In the per-vertebra 
analysis, agreement on 12 out of 13 vertebrae leads to a 
relatively high kappa score, whilst there is disagreement 
on the fracture status of this patient, potentially affecting 
clinical decision making. Another factor contributing to fair 
per-vertebra agreement is the exclusion of vertebrae that 
were not evaluated by at least one reader. Not evaluating a 
fractured vertebra due to insufficient visibility can lead to a 
missed fracture diagnosis, which has happened in 6 cases 
in this study. Agreement was slightly lower when grade 1 

Fig. 4   Spread around the aver-
age location for each landmark. 
Landmarks are translated so that 
the average location is at the 
origin, and scatter points corre-
spond to individual annotations 
by one of the radiographers
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fractures were also included, which seems to be induced by 
readers’ difficulty in differentiating grade 1 deformities from 
normal vertebrae.

Despite the moderate inter-observer agreement, vari-
ability of landmark placement for vertebral morphometry 
on VFA images is very small. On average, a landmark was 
placed 0.81 mm from its mean location across annotators. 
The average height of thoracolumbar vertebrae ranges 
between 22 and 36 mm, so a deviation of 0.81 mm corre-
sponds with 2.3% to 3.7% of vertebral height [21]. Although 
this is only a small fraction of the total vertebral height, 
deviations close to classification cut-off values can lead to 
unwanted differences in fracture classification. For patients 
where all radiographers agreed on the fracture status, the 
mean absolute distance was smaller than for patients where 
there was disagreement. Although statistically significant, 
absolute differences were very small, further indicating that 
with quantitative morphometry using Genant classification, 
multiple readers placing landmarks very close together can 
still yield different classification results. As such, fracture 
classification with vertebral morphometry is highly sensitive 
to small variations in landmark placement.

These findings provide a basis for clinically relevant per-
formance targets for automated VFA. Landmark placement 
is important for accurate fracture detection and to be clini-
cally usable, automation tools would need to be able to place 
landmarks with very high accuracy. However, merely plac-
ing landmarks close to where humans would place them is 

not sufficient, and fracture detection on a patient level should 
be the primary outcome measure, as this is the most criti-
cal measure of performance and has direct consequences on 
clinical treatment decisions.

Annotation of images for VFA purposes requires sig-
nificant time and user effort. With VFA having an increas-
ing importance in clinical decision making of patients 
with osteoporosis, the required effort for annotating these 
images can become problematic. Indeed, this study showed 
that radiographers require substantial time to annotate these 
images. Furthermore, reader fatigue significantly increased 
during reading sessions. Readers mainly reported eye strain 
symptoms, which is not unexpected given the nature of the 
annotation task.

Comparison to literature

Few studies evaluated inter-observer agreement of verte-
bral morphometry for the detection of vertebral fractures 
on VFA. Pearson et al. compared vertebral morphometry 
variation between two DXA systems and found good agree-
ment between two observers in identifying severe fractures, 
but a lack of agreement for identifying moderate fractures 
[22]. Kappa scores were 0.51 and 0.79 for the two DXA 
systems, respectively. However, this study included only 
25 patients. In a similar study, Bazzochi et al. evaluated a 
semiquantitative method supplemented by vertebral mor-
phometry for suspected vertebral fractures. Inter-observer 

Fig. 5   Reader discomfort per 
radiographer for annotating 
VFA images. Scores are given 
for the start and end of each 
reading session of six images. 
SSQ: Simulator Sickness Ques-
tionnaire
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agreement between the three readers ranged from 0.665 to 
0.713 [23]. Dort et al. evaluated vertebral height measure-
ment on DXA images and found excellent ICC (> 0.95) and 
moderate agreement for detecting vertebral fractures, with 
a kappa score of 0.628 for grade 2–3 fractures and 0.699 for 
grade 1–3 fractures [24]. Inter-observer agreement of visual 
semi-quantitative identification of vertebral fractures, with-
out quantitative morphometry, has been reported between 
0.51 and 0.69 [25–27]. Although kappa scores are not easily 
compared to other studies due to differences in patient popu-
lations, number of participants, imaging protocols, equip-
ment, and fracture identification methods, inter-observer 
agreement of vertebral morphometry in this study seems to 
be in concordance with previously reported results.

Agreement with conventional spinal radiography, sensi-
tivity, and specificity of VFA has been extensively reported 
in literature. A recent meta-analysis found a pooled sensitiv-
ity of 0.84 and a specificity of 0.90 [15]. In our study, we 
found a sensitivity and specificity similar to that reported in 
literature, albeit at the lower end of the range [28].

Bazzochi et al. also reported an average VFA reader time 
of 23.1 ± 16.2 s per vertebra. This is very similar to our 
findings, as an average annotation time of 259 s per patient 
gives 22.1 s per vertebra, when accounting for non-evaluable 
vertebrae.

Business case

Detection of vertebral fractures with VFA has some impor-
tant benefits compared to conventional radiography. The first 
advantage is a lower patient burden since scans are made 
in the same session using a low radiation dose. However, 
VFA is subject to significant inter-observer variability, and 
conventional spinal radiography remains the gold standard. 
Therefore, we believe the main application of VFA is as 
an additional screening tool for patients undergoing BMD 
measurement. It is estimated that as much as 70% of all ver-
tebral fractures go undiagnosed [29, 30], and screening for 
vertebral fractures has been shown to be cost-effective [31]. 
Nevertheless, many patients still undergo BMD measure-
ment without VFA. The significant time investment needed 
to annotate VFAs likely contributes to this, as it would cur-
rently take too much time to do VFA for all patients under-
going BMD measurement. A potential method to help solve 
this problem is the automation of vertebral fracture detec-
tion, allowing much more VFAs to be done without signifi-
cant investments, and potentially diagnosing many vertebral 
fractures that would otherwise have been missed.

Limitations

A major limitation of our study is the fact that conventional 
radiographs were not available for all patients. Only 57 out 

of 95 patients underwent conventional radiography besides 
VFA. Since conventional spinal radiographs are considered 
the gold standard for vertebral fracture detection, this meant 
that patients’ true fracture status was only available for a 
subset of patients.

For this study, we selected a patient cohort with a ver-
tebral fracture prevalence much higher than would be 
expected in a random clinical population. Kappa statistics 
can be affected by the prevalence of an attribute when the 
proportion of agreement on positive classifications differs 
from the proportion of agreement on negative classifications. 
Although Randolph’s free-marginal multirater kappa coef-
ficient is not affected by this, extrapolation of our results to 
clinical populations should be done with caution.

Another limitation is the lack of a universally accepted 
definition of which vertebral deformity is a vertebral frac-
ture. Every vertebral fracture is a vertebral deformity, but 
not every vertebral deformity is a vertebral fracture. With 
vertebral morphometry, qualitative features of morphology 
are not taken into account, and therefore in this study we 
measured vertebral deformities rather than vertebral frac-
tures exclusively.

In this study, readers evaluated six VFA images in a row, 
and then rested at least 15 min before starting a new reading 
session. Besides these requirements, radiographers were free 
to choose their exact reading schedule, and could choose to 
do multiple sessions on the same day or spread them out 
across a longer period of time. From the results as shown in 
Fig. 5, it seems that baseline SSQ scores increase for a num-
ber of consecutive sessions. This cumulative fatigue may 
indicate that 15 min of rest is not enough, and longer periods 
between sessions would be required to get fatigue levels back 
to baseline. However, in this study, we looked at the differ-
ence between session start and end, mitigating cumulative 
effects. In addition, radiographers were asked to evaluate 
VFA images alone and were not allowed to assist each other, 
which may not be representative of clinical practice.

Conclusion

Although multiple trained radiographers performing verte-
bral morphometry on VFA achieve very small differences 
in landmark placement and excellent intraclass correlation 
for vertebral height measurement, agreement for detection of 
patients with vertebral fractures is only moderate. This sug-
gests that small variations in landmark placement can lead 
to different classifications. In addition, vertebral morphom-
etry is time-consuming and has a significant effect on reader 
fatigue. Especially in FLS with high patient numbers, there 
could be a potential benefit for automation tools for detection 
of vertebral fractures on VFA. However, automation tools 
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should focus on clinically relevant outcome measures such 
as agreement with conventional radiographic imaging.
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