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group for all time points. The kappa statistics were also 
higher in the expert group than in the nonexpert group for 
all vertebral levels at all time points. Assessment of verte-
bral fractures using the SQ method tended to be overesti-
mated by nonexpert physicians compared with the experts, 
with poor nonexpert interobserver reliability and well-
matched expert interobserver reliability. Conscious efforts 
to avoid overestimation and to obtain higher reliability with 
the SQ method should be made to achieve more precise 
diagnoses and treatment of osteoporosis in Japanese clini-
cal practice.

Keywords  Osteoporosis · Semiquantitative method · 
Spinal fracture index · Vertebral fracture

Introduction

Vertebral fractures are the commonest osteoporotic frac-
tures, and the assessment of vertebral fractures is widely 
used to diagnose osteoporosis or monitor disease progres-
sion. This assessment has also been used in many clini-
cal trials as an end point to evaluate the efficacy of drugs 
for the treatment of osteoporosis [1–4]. Several methods 
of assessing vertebral fractures have been developed, and 
most are categorized as quantitative morphometry (QM) 
[5–9]. The morphometric approach is based on a compari-
son between the vertebral heights of osteoporotic patients 
and the vertebral height of normal women, including the 
anterior–posterior ratio, middle–posterior ratio, and poste-
rior–posterior adjacent ratio. The cutoff thresholds differ, 
and no single measurement is considered the gold standard 
for vertebral fracture assessment. Recently, the semiquanti-
tative (SQ) method has been used to assess vertebral frac-
tures in clinical practice and clinical trials instead of QM. 
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Genant et al. [10] devised the SQ method as a new way 
to assess vertebral fractures without measuring vertebral 
heights. In the SQ method, each spine was graded into four 
categories (normal, mild, moderate, and severe) on visual 
inspection. Excellent reproducibility of interobserver and 
intraobserver reliability (between experienced and inex-
perienced but trained observers) was found, with good 
agreement between QM and SQ methods [10]. Wu et al. 
[11] found excellent interobserver agreement using the SQ 
method. Grados et al. [12] compared the SQ method with 
four morphometric methods for assessing prevalent verte-
bral fractures, and found good agreement as well. Crans et 
al. [13] revealed that a spinal deformity index derived from 
the SQ assessment of vertebral fractures predicted future 
vertebral fracture risk and that the spinal deformity index 
or SQ method was clinically useful for the treatment of 
osteoporosis.

Despite these studies, little is known of exactly how the 
SQ method is used in clinical practice in Japan. Therefore, 
our aim was to clarify how the SQ method is used to assess 
vertebral fractures in clinical practice in Japan, by compar-
ing expert physicians with nonexpert physicians.

Materials and methods

Materials

Lateral (thoracic and lumbar) spine radiographs of 40 
osteoporotic patients were included in the present study. All 
of the radiographs originated from the Japanese Osteopo-
rosis Intervention Trial (JOINT)-02 conducted by the Ade-
quate Treatment of Osteoporosis (A-TOP) research group 
to evaluate combination therapy (alendronate and alfacal-
cidol) compared with monotherapy (alendronate alone) 
nationwide in Japan. The details of JOINT-02, includ-
ing the study design, patient characteristics, inclusion and 
exclusion criteria, and end points, were previously reported 
[14, 15]. Baseline and follow-up (12 and 24 months) radio-
graphs were converted into electronic data files (Digital 
Imaging and Communication in Medicine files). The use of 
the radiographs in this study was approved by the A-TOP 
executive and the ethical committees.

SQ method and spinal fracture index

The SQ approach was developed by Genant et al. [10] in 
the 1990s as a new method to assess vertebral fractures 
on visual inspection without measuring vertebral heights. 
The grading of each spine is classified into four catego-
ries as follows: normal (grade 0); mild deformity (grade 
1, 20–25 % reduction in anterior, middle, and/or posterior 
height and 10–20 % reduction in area); moderate deformity 

(grade 2, 25–40  % reduction in any height and 20–40  % 
reduction in area); and severe deformity (grade 3, 40  % 
reduction in any height and area). In each spine, grade 1 
or higher was considered “fractured” and grade 0 was con-
sidered “not fractured.” The spinal fracture index (SFI) was 
calculated for each patient by dividing the sum of individ-
ual vertebral grade scores by the number of spines evalu-
ated, which provided general information on the osteoporo-
sis severity in an individual patient [10].

Assessment of vertebral fractures using the SQ method

Seven expert physicians (expert group) and 37 nonexpert 
physicians (nonexpert group) independently assessed the 
vertebral deformity grade (T4–L4) of each patient on a 
personal computer using the SQ method. The expert group 
consisted of three orthopedists, three spinal surgeons, and 
one radiologist (average medical career, 29 years), all with 
experience assessing vertebral fractures in several drug tri-
als or highly specialized experience assessing vertebral 
fractures in clinical practice. The nonexpert group con-
sisted of 18 orthopedists, 14 internal medicine physicians, 
and 5 radiologists (average medical career, 16 years), not 
using the SQ method for assessing vertebral fractures in 
daily practice. Baseline and follow-up radiographs were 
assessed in chronological order per patient. The physician 
assessment data were gathered and statistically analyzed as 
a data set.

Statistical analysis

The frequency and proportion of SQ grade per spine and 
per visit were assessed between the experts and nonex-
perts, and the proportions were compared using the Pear-
son chi squared test. Also, the proportion of radiographs 
that the experts and nonexperts assessed as fractured 
(grade 1 or higher) was examined per spine at the base-
line, 12  months, and 24  months. Physicians assessed the 
SFI for each patient, and the mean value was calculated. 
Using the SFI as the dependent variable, we used a mixed 
effects model, accounting for the correlation between the 
SFI of each patient assessed by the same physician. The 
SFI least mean squares was estimated to evaluate the dif-
ference between the experts and the nonexperts using the 
model, adjusted and not adjusted for their years of medical 
experience. To analyze interobserver reproducibility within 
each group, we calculated the kappa statistics per group per 
spine (T4–L4). Because we were interested in the degree of 
agreement between more than two physicians, we used the 
extended kappa statistical method proposed by Fleiss [16]. 
The kappa groups were as follows: 0–0.2, poor agreement; 
0.2–0.4, fair agreement; 0.4–0.6, moderate agreement; 0.6–
0.8, good agreement; 0.8–1.0, very good agreement [16].
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Table 1   Proportion of semiquantitative grade per spine level assessed by the expert and nonexpert groups

Grade Baseline 12 months 24 months

Expert  
group (%)

Nonexpert 
group (%)

P Expert  
group (%)

Nonexpert 
group (%)

P Expert  
group (%)

Nonexpert 
group (%)

P

T4 0 95.4 71.3 <0.0001 93.6 67.4 <0.0001 91.8 64.5 <0.0001

1 3.9 22.2 3.6 22.7 5.4 24.2

2 0.0 3.4 1.1 4.4 1.1 6.0

3 0.0 0.1 1.4 2.3 1.8 2.5

ND 0.7 3.0 0.4 3.2 0.0 2.8

T5 0 91.8 73.1 <0.0001 91.8 71.2 <0.0001 91.1 67.4 <0.0001

1 6.1 21.0 6.4 23.4 6.8 25.3

2 1.8 4.0 1.8 4.6 2.1 6.1

3 0.0 0.0 0.0 0.1 0.0 0.1

ND 0.4 1.9 0.0 0.7 0.0 1.1

T6 0 92.5 76.0 <0.0001 91.4 72.2 <0.0001 90.4 68.9 <0.0001

1 5.7 18.7 6.4 22.8 6.8 25.1

2 1.8 3.8 2.1 4.6 2.9 5.3

3 0.0 0.0 0.0 0.1 0.0 0.3

ND 0.0 1.5 0.0 0.3 0.0 0.5

T7 0 82.9 68.2 <0.0001 80.0 63.2 <0.0001 78.6 59.2 <0.0001

1 8.9 20.7 8.9 23.8 10.0 25.9

2 4.3 6.7 4.6 7.4 3.6 7.0

3 3.9 3.0 6.4 5.3 7.9 7.4

ND 0.0 1.4 0.0 0.2 0.0 0.5

T8 0 88.2 71.0 <0.0001 83.6 69.2 <0.0001 81.1 64.6 <0.0001

1 5.0 18.7 7.5 20.6 7.1 22.0

2 3.2 5.8 4.6 5.6 5.0 6.3

3 3.6 3.5 4.3 4.3 6.8 6.6

ND 0.0 1.0 0.0 0.3 0.0 0.5

T9 0 90.0 70.9 <0.0001 85.4 66.8 <0.0001 80.4 60.9 <0.0001

1 3.2 18.8 4.3 19.9 4.3 21.2

2 4.3 6.9 4.3 7.2 6.8 9.3

3 2.5 2.5 6.1 5.4 8.6 8.2

ND 0.0 1.0 0.0 0.7 0.0 0.3

T10 0 81.1 66.4 <0.0001 80.0 63.4 <0.0001 77.1 59.9 <0.0001

1 11.1 22.4 11.8 24.0 12.1 26.0

2 3.2 5.3 3.6 6.9 6.1 8.3

3 4.6 5.1 4.6 4.9 4.6 5.4

ND 0.0 0.9 0.0 0.9 0.0 0.4

T11 0 74.6 57.4 <0.0001 67.5 50.1 <0.0001 62.9 46.9 <0.0001

1 13.9 28.6 14.6 30.9 14.6 30.1

2 8.2 9.0 13.9 13.2 15.0 13.3

3 3.2 3.9 3.6 4.4 6.4 8.3

ND 0.0 1.2 0.4 1.5 1.1 1.5

T12 0 51.1 37.2 <.0.0001 46.1 32.0 <0.0001 43.9 28.9 <0.0001

1 12.1 23.4 12.1 23.2 10.7 23.4

2 18.6 19.1 18.9 19.7 17.9 18.2

3 18.2 20.1 22.9 24.5 27.1 28.9

ND 0.0 0.3 0.0 0.5 0.4 0.7
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Results

Forty-four physicians (seven experts and 37 nonexperts) 
assessed 40 sets of spine radiographs at the baseline and 
during the follow-up period using the SQ method. Table 1 
shows the proportions of SQ grade per spine level assessed 
by the expert and nonexpert groups. There was a significant 
difference in all spine levels and at all time points between 
the two groups. The proportion of grade 0 was lower for 
every spine level in the nonexpert group than in the expert 
group. Figure 1 shows the proportion of fractured cases per 
spine level that the expert and nonexpert physicians assessed 
at the baseline, 12  months, and 24  months. The propor-
tion of fractured cases was high in the thoracolumbar spine 
(T11–L2) compared with other spine levels in both groups. 
In addition, the proportion per spine was higher in the non-
expert group than in the expert group at each time point, and 
was especially high in the upper thoracic spine (T4–T6).

The mean values of the SFI assessed per case by the 
experts and nonexperts were plotted at the baseline, 
12 months, and 24 months (Fig. 2). The mean values were 
consistently higher in the nonexpert group than in the 
expert group for every time point.

We compared the SFI of the expert group with that of the 
nonexpert group at the baseline, 12 months, and 24 months 
using a mixed effects model adjusted or not adjusted for 
years of experience as a physician. The least mean squares 
SFI was significantly higher in the nonexpert group than in 
the expert group for all time points (P < 0.0001) (Fig. 3). 
The margins of the least mean squares SFI between the 
nonexpert group and the expert group remained almost con-
stant regardless of adjustment, at 0.21 (not adjusted) and 
0.19 (adjusted) at the baseline, 0.21 and 0.19 at 12 months, 
and 0.23 and 0.19 at 24 months, respectively.

Table  2 shows the interobserver kappa statistics in the 
expert and nonexpert groups for SQ grade of vertebral 
deformity per spine. The kappa statistics were higher in 
the expert group than in the nonexpert group for all ver-
tebral levels at the baseline, 12  months, and 24  months. 
The expert group scores were considered to have moderate 
or good agreement, except for the T4 and L3 levels at the 
baseline, and the T5, and T6 levels at 24 months, and were 
particularly high between T12 and L4. The kappa statistics 
for the nonexpert group were considered to have poor or 
fair agreement at the baseline, 12 months, and 24 months, 
and were particularly low between T4 and T6.

Table 1   continued

Grade Baseline 12 months 24 months

Expert  
group (%)

Nonexpert 
group (%)

P Expert  
group (%)

Nonexpert 
group (%)

P Expert  
group (%)

Nonexpert 
group (%)

P

L1 0 53.9 41.6 <0.0001 46.4 34.2 <0.0001 41.8 29.9 <0.0001

1 13.9 24.4 15.0 24.7 12.1 21.4

2 19.3 17.2 21.1 18.7 23.9 22.4

3 12.9 16.3 17.5 21.8 22.1 26.1

ND 0.0 0.5 0.0 0.7 0.0 0.3

L2 0 78.9 60.2 <0.0001 71.4 50.7 <0.0001 66.1 45.3 <0.0001

1 5.7 23.6 6.8 25.2 5.7 23.5

2 9.3 8.8 11.8 12.6 16.8 16.0

3 6.1 7.3 10.0 11.5 11.4 15.1

ND 0.0 0.1 0.0 0.0 0.0 0.1

L3 0 90.4 67.8 <0.0001 75.0 56.0 <0.0001 65.4 46.1 <0.0001

1 7.5 25.6 7.5 26.1 9.3 26.2

2 2.1 6.1 17.1 14.2 21.4 18.4

3 0.0 0.5 0.4 3.5 3.9 9.0

ND 0.0 0.1 0.0 0.3 0.0 0.3

L4 0 85.0 65.8 <0.0001 72.5 56.0 <0.0001 69.6 50.5 <0.0001

1 5.7 21.0 7.5 21.4 7.9 22.8

2 6.8 7.2 15.4 14.1 14.3 15.1

3 1.8 4.3 3.6 6.9 5.7 8.6

ND 0.7 1.6 1.1 1.7 2.5 3.1

Null hypothesis; equal to the proportion of semiquantitative grade evaluated between the expert group and nonexpert group in each spine level

ND not determined
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Fig. 1   Proportion of fractured cases assessed by the expert and nonexpert groups: a baseline, b 12 months, c 24 months
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Discussion

We assessed the vertebral fractures of 40 patients using the 
SQ method at the baseline, 12 months, and 24 months, and 
evaluated the interobserver reproducibility and discrepan-
cies between expert and nonexpert physicians. In all spines 

from T4 to L4, the proportion of fractured cases (grade 1 or 
higher) was higher in the nonexpert group than in the expert 
group at the baseline and in the follow-up period (Fig. 1), 
and the proportion of SQ grades evaluated was signifi-
cantly different per spine between the two groups (Table 1). 
In addition, in all cases, the mean value of the SFI was 
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Fig. 2   Mean spinal fracture index (SFI) per patient assessed by the expert and nonexpert groups: a baseline, b 12 months, c 24 months
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higher in the nonexpert group than in the expert group at 
all visits (Fig. 2). The nonexpert group had a tendency to 
overestimate the SQ grade of vertebral fractures, particu-
larly in the thoracic spine, compared with the experts. 
Genant et al. [10, 11] reported that the SQ assessment of 
vertebral fractures showed an excellent intraobserver and 
interobserver agreement between experienced and inexperi-
enced but trained physicians, and that the SQ method was a 
good reproducible method to assess osteoporotic vertebral 

fractures. However, another report indicated that it was 
difficult to identify subtle differences between SQ grade 1 
as mild fracture and borderline deformity (grade 0.5), and 
those assessments were sometimes arbitrary [17]. In these 
reports, the inexperienced physicians were well trained [10, 
17], and it would appear that they understood how to make 
use of all information regarding vertebral body size, shape, 
and projection to assess vertebral fractures using the SQ 
method. The discrepancies between the two groups in our 
study may have resulted from a lack of previous training 
in SQ assessment for the nonexperts. In addition, our study 
was conducted under several preexisting biases because 
the radiographs we used originated from JOINT-02, and it 
was previously reported that participants in that study had 
high fracture risks, with the number of prevalent vertebral 
fractures of one or more as an inclusion criterion [13, 14], 
which may have had some effect on the assessment of ver-
tebral fractures by the nonexpert group.

The least mean squares SFI was significantly higher in 
the nonexpert group than in the expert group at the base-
line and in the follow-up period, whether adjusted or not 
adjusted (Fig.  3). The estimated margin between the two 
groups was fairly constant at 0.19–0.23. These results also 
indicate an overestimation by the nonexpert group com-
pared with the expert group for the SQ assessment of ver-
tebral fractures. Conversely, there was a major difference 
between the expert group and the nonexpert group in the 
kappa statistics at the baseline and in the follow-up period. 
The kappa statistics for the nonexpert group were notably 
low at 0–0.2 (poor agreement) from T4 to T6 and 0.2–0.4 
(fair agreement) from T7 to L4, whereas those of the expert 
group were high at 0.4–0.6 (moderate agreement) in most 
spine levels and 0.6–0.8 (good agreement) from T12 to L4. 
The interobserver reproducibility in the expert group for 
SQ assessment was excellent compared with that of the 

non-adjusted
L

ea
st

 s
qu

ar
es

 m
ea

n 
SF

I 
va

lu
e

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

Baseline 12M 24M

Non-expert

Expert

adjusted

L
ea

st
 s

qu
ar

es
 m

ea
n 

SF
I 

va
lu

e

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

Baseline 12M 24M

Non-expert

Expert

a

b

Fig. 3   Expert versus nonexpert comparison of SFI from the baseline 
to 24 months: a not adjusted, b adjusted

Table 2   Kappa statistics per 
spine level in both groups at the 
baseline and in the follow-up 
period

Italic font indicates kappa 
scores of moderate to good 
agreement; normal font 
indicates poor to fair agreement

Baseline 12 months 24 months

Expert group Nonexpert group Expert group Nonexpert group Expert group Nonexpert group

T4 0.243 0.120 0.447 0.146 0.498 0.152

T5 0.498 0.136 0.471 0.115 0.396 0.103

T6 0.450 0.120 0.433 0.141 0.358 0.127

T7 0.570 0.261 0.604 0.293 0.606 0.291

T8 0.484 0.222 0.600 0.254 0.654 0.287

T9 0.515 0.219 0.527 0.267 0.633 0.302

T10 0.582 0.276 0.545 0.289 0.554 0.285

T11 0.479 0.210 0.538 0.238 0.555 0.256

T12 0.648 0.363 0.647 0.358 0.664 0.365

L1 0.654 0.397 0.640 0.385 0.620 0.392

L2 0.713 0.313 0.757 0.363 0.709 0.367

L3 0.383 0.163 0.704 0.255 0.629 0.310

L4 0.606 0.248 0.619 0.295 0.627 0.304
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nonexpert group, similar to the findings of Genant et al. 
[10, 11].

Delmas et al. [18] reported that underdiagnosis of ver-
tebral fractures was observed in the IMPACT trial (a mul-
ticenter multinational prospective study) in several geo-
graphic regions, including North America, Latin America, 
Europe, South Africa, and Australia. All radiologists were 
given a radiographic procedure manual, which was the 
principal tool for standardization of the SQ assessment, and 
this was a major difference compared with our study. The 
results of Delmas et al.’s study were as follows: there were 
789 patients with vertebral fractures (grade 1 or higher) and 
1,662 patients without vertebral fractures (grade 0) in the 
central readings, and 607 with vertebral fractures and 1,844 
without vertebral fractures in the local readings. Further, 
among 789 patients with vertebral fractures in the central 
readings, 266 patients had no vertebral fractures (false-neg-
ative rate, 34  %) and 523 patients had vertebral fractures 
(true-positive rate, 66  %) in the local readings. Among 
1,662 patients without vertebral fractures in the central 
readings, 1,578 patients had no vertebral fractures (true-
negative rate, 95 %) and 84 patients had vertebral fractures 
(false-positive rate, 5 %) in the local readings. Conversely, 
our results indicated that the proportion of fractured cases 
was lower in the expert group than in the nonexpert group, 
revealing a discrepancy in the results between the two stud-
ies. It appears that a bias toward aggressive identification of 
vertebral fractures occurs in a clinical trial because of the 
strict protocol and use of the radiographic procedure man-
ual, which differed from our study design, and our results 
may be reasonable despite no use of a manual.

Our study has several limitations. First, the SQ assess-
ment was performed using images on a personal computer 
rather than on the actual X-ray films, which may have 
reduced the image resolution and minimized the shape of 
the spine. Second, all physicians independently assessed 
the vertebral fractures from the baseline to 24 months with-
out instructions for the standardizing of the SQ assessment 
method, such as would be obtained from a special manual. 
Finally, the results of our expert group are not a gold stand-
ard of assessment but a reference, and our results are a rela-
tive comparison, only, of the two groups because there was 
no assessment adjudication in the expert group.

Vertebral fracture assessment is important not only in 
diagnosis and evaluation of the treatment effects of osteo-
porosis but also in epidemiologic studies of osteoporosis 
or the treatment of the clinical vertebral fracture. The SQ 
method may be not well known in daily clinical practice, 
but it has been widely used in assessment of vertebral frac-
ture in many clinical trials of osteoporotic drugs. Precise 
assessment of vertebral fracture using the SQ method in 
daily practice is necessary to realize proper diagnosis and 
treatment of osteoporosis. Our results suggests that (1) 

conscious effort should be made to promote the SQ method 
in daily practice, and (2) training programs for the SQ 
method may be helpful to avoid overestimation of vertebral 
fractures by nonexpert physicians.

In conclusion, we clarified that the SQ assessment of 
vertebral fractures tended to be overestimated by nonexpert 
physicians, with poor nonexpert interobserver reliability 
and well-matched expert physician interobserver reliability 
in Japan. The SQ method is generally understood to include 
the entire spectrum of features of spinal deformity and to 
have a high reproducibility. Conscious efforts should be 
made to promote the SQ method to contribute to the treat-
ment of osteoporosis.
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