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Background: To prevent and minimize skeletal-related diseases, early diagnosis of bone metastases is
important. However, previous reports have shown that plain radiography has low sensitivity and fails
to screen multiple asymptomatic lesions. Limited investigations have been reported on the value of
plain radiography in the diagnosis of symptomatic bone metastases. Therefore, this study aimed to in-
vestigate the diagnostic utility of plain radiography for symptomatic bone metastasis.
Methods: Two experienced orthopedic surgeons retrospectively evaluated the plain radiographs of 39
patients with symptoms during their first visit between 2011 and 2014 for bone metastases. Another 2
experienced orthopedic surgeons then reviewed the data using 2 reference standards, the clinical results
and the retrospectively evaluated results, in a blinded manner. The data were then reviewed by 2 certi-
fied orthopedic surgeons and 7 orthopedic surgeons in training with differing years of experience in a
blinded manner.
Results: The overall sensitivity of diagnosis of symptomatic bone metastasis using plain radiography at
the clinic first visit was 71.4%. Upon blinded evaluation, the accuracy, sensitivity, and specificity were
55.8%, 54.3%, and 68.8% and 77.6%, 73.0%, and 85.7% for clinical results and results from 2 experienced
orthopedic surgeons as a reference standard, retrospectively. There was a strong and significant correla-
tion between the accuracy and observers’ years of experience in orthopedic surgery among the orthope-
dic surgeons in training (R=0.942, p=0.0015).
Conclusions: Plain radiography around the time of the first visit has a definitive role in the early diag-

nosis of symptomatic bone metastasis. (] Nippon Med Sch 2018; 85: 315-321)
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Introduction
In Japan, the number of elderly people aged 65 years or
older continues to increase, and accordingly, the number
of patients with cancer also continues to increase'.
Among patients with either breast or prostate cancer,
70% develop bone metastases, and 25% of patients with
breast cancer develop pathological fractures’ To prevent
and minimize skeletal-related diseases, early diagnosis of
bone metastases is important. However, in practice, it is
difficult to diagnose bone metastases early on the basis of
the clinical course and physical findings, probably be-

cause the age of onset and initial symptoms are fre-

quently similar to those in multiple common orthopedic
diseases, such as degenerative spinal diseases.

In Japan, most patients with pain in the extremities or
spinal column directly visit an orthopedic practitioner in
an independent clinic or a hospital-based clinic. In such
orthopedic clinics, plain radiography is usually per-
formed at the first visit. In general, the sensitivity of di-
agnosis of bone metastasis using only plain radiography
is very low, at around 30%, which is considered to be un-
suitable for early diagnosis’. However, most previous re-
ports on the diagnostic ability of an imaging study for

bone metastasis are based upon screening of bone metas-
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Assessed for eligibility
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®  Staging or routine check-up (n=32)
» ® Routine health check-up (n=1)
®  Sarcoma in our department (n=1)
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\ 4
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(n=81)

_| Unavailable x-rays taken within 2 weeks
"| from the first visit (n=42)

A 4

Final assessment
(n=39)

Fig. 1 Flowchart for enrolment.

tasis including multiple asymptomatic lesions, whereas
limited investigations have focused on imaging diagnosis
limited to only symptomatic bone metastases.
Symptomatic bone metastatic lesions are usually more
advanced than lesions diagnosed by screening in most
patients. Accordingly, they are presumed to be more eas-
ily diagnosed by plain radiography than asymptomatic
bone metastases. The hypothesis of this research was that
plain radiography can be useful for the diagnosis of
symptomatic bone metastasis. To support this, we per-
formed a retrospective, blinded evaluation of plain radio-

graphs obtained during the first clinical visit.

Materials and Methods
This retrospective study was approved by our institu-
tional review board and was conducted in accordance
with the Declaration of Helsinki. This study was con-
ducted at the orthopedics department at a single univer-
sity hospital. The plain radiography data for bone metas-
tasis taken within 2 weeks of the first visit to any clinic
were retrospectively evaluated by 2 experienced orthope-
dic surgeons for depiction of bone metastases. The data
were then reviewed by another 2 experienced orthopedic
surgeons in a blinded manner, followed by blinded re-
view by 2 additional certified orthopedic surgeons and 7
orthopedic surgeons in training with differing years of

orthopedic experience.
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Participants

The consecutive series of 129 patients were selected by
retrospective review of our institutional database by
searching records of all patients with bone metastasis
(both in- and out-patients) who visited our department’s
clinic for symptoms related to first bone metastasis from
January 2011 to December 2014. Of the 129 patients, 49
patients were excluded using the exclusion criteria de-
scribed below. Of the remaining 81 patients, 42 patients
were excluded, as the plain radiographs obtained within
2 weeks of their first visit to any clinic were not avail-
able. Finally, 39 patients were enrolled for this assess-
ment (Fig. 1). Exclusion criteria included patients with
bone metastasis diagnosed either by staging or a routine
whole-body check-up after the diagnosis of a primary
cancer without a prior visit to any clinic for bone metas-
tasis, patients with bone metastasis diagnosed by a rou-
tine health check-up without a prior visit to any clinic for
bone metastasis, patients with bone metastasis developed
from sarcoma, who originally visited our department,
and patients with insufficient clinical information for re-
view. For this study, the first visit was defined as the first
visit to any clinic with symptoms of bone metastasis.

The plain radiography data of the 39 patients, taken
within 2 weeks of the first visit to any clinic were in-
cluded. Of the 39 patients, 24 were men and 15 were
women. The mean age was 70 years (range, 43-85 years).
Demographic characteristics of patients are summarized
in Table 1.

In case plain radiographs were taken at multiple time-
points within 2 weeks from the first visit, those taken at
or closest to the first visit were used. In general, 2 images
of anterior-posterior and lateral views that contained the
site of bone metastasis relating to the main symptoms
were selected for evaluation. The plain radiographs did
not contain the site of bone metastasis for 4 patients.
These images were still included in the study, as selection
of an appropriate imaging site is part of a clinician’s abil-
ity. In addition, this data set was used as a negative con-
trol in blind tests. For these patients, radiographs ob-
tained at sites closest to the site of bone metastasis were
selected. The image data were in the JPEG format. The
mean JPEG file pixel count was 2081.5 (range, 1,186~
4,280) X 2382.1 (range, 1,440-4,280). The mean resolution
and size of the monitors to display the data were 1,280
(range, 1,920 to 2,560) X 1,020 (range, 108 to 1,440) pixels
and 22.3 inch (range, 13.3 to 28.5).

Image Analysis

Part 1. In order to determine the diagnostic ability of
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Table 1 Demographic and clinical characteristics of patients

Characteristics

Data

Mean age at first visit (range)
Sex

Female

Male
Location

Spine

Long bone

Pelvis

Without lesions
Symptoms

Pain

Pain and paralysis
Primary cancer (number of patients)

70.0 (43-85)

15 patients
24 patients

21 lesions
9 lesions
5 lesions

4 patients

38 lesions
1 lesion

Lung (8), kidney (4), breast (4), stomach (4), prostate (3), others (16)

a) Plain radiography of 4 patients did not reveal any bone metastases (humeral, femoral, costal, and thoracic

spinal lesions).

plain radiography around the time of the first visit, the
images of 35 patients (excluding 4 patients with plain ra-
diography that did not contain the site of bone metasta-
sis) were classified as “bone metastasis or bone metasta-
sis highly suspected,” or as others, after a retrospective
evaluation by 2 experienced orthopedic surgeons who
were aware of the metastasis lesion site. These 2 experi-
enced orthopedic surgeons had 23.5 years and 22.5 years
of experience as orthopedic surgeons. If the image was
classified as “bone metastasis or bone metastasis highly
suspected,” the type of bone metastasis (osteolytic type,
osteoblastic type, or mixed type), the presence of a
pathological fracture, and the presence of a pedicle sign
in the case of the spine, were also assessed. These evalu-
ations were performed independently, with consensus be-
tween the 2 surgeons after discussion.

Part 2. To determine the ability of clinicians to use
plain radiography for diagnosis, the images of 39 pa-
tients were again classified into the same categories after
a blind review by 2 experienced orthopedic surgeons
who were only aware of the primary complaint. These 2
experienced orthopedic surgeons had 16.5 years and 8.5
years of experience as orthopedic surgeons. Upon evalu-
ation as “bone metastasis or bone metastasis highly sus-
pected,” the site of the lesion and the presence of a pedi-
cle sign in the case of the spine were also evaluated. The
evaluations were independently conducted in less than 3
minutes per patient. After 3 months, the images were
blindly reviewed again by the same orthopedic surgeons
to assess intra-observer reliability.

Part 3. To determine the relationships between the abil-

ity of clinicians to use plain radiography for diagnosis
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and their clinical experience, the images were classified
similarly as above by another 2 certified orthopedic sur-
geons and 7 orthopedic surgeons in training with differ-
ing clinical experience of orthopedic surgery. These 2 cer-
tified orthopedic surgeons had 12.5 and 16.5 years of ex-
perience, post-residency in orthopedic surgery. The 7
trainees included 2 medical doctors with 0.5 years, 1
medical doctor with 1.5 years, 2 medical doctors with 3.5
years, 1 medical doctor with 4.5 years, and 1 medical
doctor with 6.5 years of experience post residency in or-
thopedic surgery. Statistical analysis was performed on
data generated for 11 doctors (these 9 plus the 2 orthope-
dic surgeons identified in Part 2).

Statistical Analysis

Part 1. Diagnostic sensitivity of plain radiography
around the first visit for symptomatic bone metastasis
was calculated, and the results were used as a true refer-
ence standard for later blind evaluations, as described in
Parts 2 and 3. Inter-observer agreement between the 2 ex-
perienced orthopedic surgeons was evaluated using Co-
hen’s kappa coefficient.

Part 2. Diagnostic accuracy, sensitivity, and specificity
were calculated using 2 reference standards: 1) the actual
clinical outcome on presence or absence of bone metasta-
sis, and 2) the results obtained by the retrospective evalu-
ations, as described in Part 1. In cases positive for bone
metastasis, if the observer incorrectly identified the site
of the lesion, it was regarded as an incorrect answer.
Inter-observer and intra-observer agreements between the
2 experienced orthopedic surgeons were evaluated using
Cohen’s kappa coefficient. A kappa value between 0.0-0.2

was graded as slight agreement, 0.21 to 0.4 as fair agree-
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Fig. 2 Sensitivity of plain radiographs obtained around
the time of the first visit for symptomatic bone me-
tastasis obtained upon retrospective evaluation by
surgeons who were aware of the patients’ clinical
information including the metastasis lesion site.

ment, 0.41 to 0.6 as moderate agreement, and 0.61 to 0.8
as substantial agreement, and 0.81 to 1.0 as almost per-
fect agreement™.

Part 3. Diagnostic accuracy was calculated using the
results obtained by the retrospective evaluation in Part 1
as the reference standard. The relationship between diag-
nostic accuracy and observers’ clinical experience in or-
thopedics was analyzed using Pearson’s correlation coef-
ficient.

A two-sided p value<0.05 was considered significant
for Cohen’s kappa coefficient and Pearson correlation co-
efficient. All statistical analyses were performed using
Excel statistical software package: BellCurve for Excel,
ver.2.15, 2017 (Social Survey Research Information Co.,
Ltd., Tokyo, Japan).

Results

Part 1. The diagnostic sensitivity of plain radiography
around the time of the first visit for symptomatic bone
metastasis was obtained on the basis of a retrospective
evaluation by 2 experienced orthopedic surgeons who
were aware of the patients’ clinical information including
the metastasis lesion sites, as shown in Figure 2. The
overall sensitivity was 71.4%, and the sensitivities for the
long bone, spine, and pelvis were 100.0%, 71.4%, and
20.0%, respectively. The frequencies of characteristic plain
radiography findings are shown in Table 2. The inter-
observer agreement between the 2 experienced orthope-
dic surgeons described in Part 1 was moderate (kappa
value, 0.44; 95% CI 0.14 to 0.75; p=0.0075).

Part 2. Accuracy, sensitivity, and specificity of plain ra-
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Table 2 Characteristic plain radiography findings upon
retrospective evaluation

Findings Frequency

Characteristics of diagnostic change (n=25)

Osteolytic 84.0% (21/25)

Osteoblastic 8.0% (2/25)

Mixed 8.0% (2/25)
Spine (n=21)

Pathological compression fracture 28.6% (6/21)

Pedicle sign 19.0% (4/21)
Long bone (n=9)

Pathological fracture 77.8% (7/9)
Pelvis (n=5)

Pathological fracture 20.0% (1/5)

diography for symptomatic bone metastasis around the
first visit, upon blind review by another 2 experienced
orthopedic surgeons who were only aware of the pri-
mary complaint are shown in Table 3 and Table 4. The
mean accuracy was 55.8%, sensitivity was 54.3% and
specificity was 68.8%, compared to the actual presence or
absence of bone metastasis as reference, and 77.6%,
73.0%, and 85.7%, respectively, compared to retrospective
evaluation by 2 experienced orthopedic surgeons in Part
1 as reference. Inter-observer and intra-observer agree-
ments between the 2 orthopedic surgeons are shown in
Table 5. The inter-observer and intra-observer agree-
ments were moderate to substantial. Diagnostic rates of
bone metastasis for different locations are shown in Ta-
ble 6. The clinicians’ ability to diagnose using radiogra-
phy was not high (mean accuracy: 69.1%) for spinal le-
sions, while it was very high (95.5%) for long bones. The
sensitivity for detection of a pedicle sign was less than
50% (Table 7).

Part 3. There was a strong and significant correlation
between diagnostic accuracy and the observers’ years of
experience in orthopedic surgery among trainees (R=
0.942, p=0.0015). No correlation was found between accu-
racy and observers’ years of experience among certified
orthopedic surgeons (R=0.309, p=0.691) (Fig. 3).

Discussion
The most important finding of this study was that the
sensitivity of plain radiography around the time of the
first visit for symptomatic bone metastasis was relatively
high (71.4%) and the accuracy and sensitivity of blind
evaluation of plain radiographs were over 50%. These
findings were higher than the diagnostic results from

screening of plain radiographs for bone metastasis that

J Nippon Med Sch 2018; 85 (6)
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Table 3 Diagnostic results of blind evaluation compared with

actual results reporting the presence or absence of bone

metastasis as a reference standard

Accuracy Sensitivity Specificity
Observer 1 (1st time) 48.7% 51.4% 25.0%
Observer 1 (2nd time) 56.4% 51.4% 100.0%
Observer 2 (1st time) 64.1% 62.9% 75.0%
Observer 2 (2nd time) 53.8% 51.4% 75.0%
Mean 55.8% 54.3% 68.8%

Table 4 Diagnostic results of blind evaluation compared with

results of retrospective evaluation (Part 1) as the refer-

ence
Accuracy Sensitivity Specificity
Observer 1 (1st time) 74.4% 72.0% 78.6%
Observer 1 (2nd time) 76.9% 68.0% 92.9%
Observer 2 (1st time) 79.5% 80.0% 78.6%
Observer 2 (2nd time) 79.5% 72.0% 92.9%
Mean 77.6% 73.0% 85.7%

Table 5 Inter-observer and intra-observer agreements between 2 ortho-

pedic surgeons

K values [4 Grade
Intra-observer agreement
Observer 1 0.49 (0.23-0.76) 0.0017 moderate
Observer 2 0.44 (0.17-0.71) 0.0046 moderate
Inter-observer agreement
Observer 1 vs 2 (1st time) 0.63 (0.39-0.88) p<0.001 substantial
Observer 1 vs 2 (2nd time) 0.54 (0.27-0.80) p<0.001 moderate

a) Data given are kappa values with confidence intervals in brackets

Table 6 Diagnostic results of blind evaluation using results of retrospective

evaluation (Part 1) as reference by location

Accuracy Sensitivity Specificity
Spine (review: positive/all=15/21) 69.1% 60.0% 91.7%
Long bone (review: positive/all=9/9) 95.5% 97.2% 87.5%
Pelvis (review: positive/all=1/5) 85.0% 100.0% 93.8%

was not restricted to symptomatic bone metastasis, as re-
ported previously.” This suggests that plain radiography
has a definitive role in the diagnosis of symptomatic
bone metastasis. To the best of our knowledge, there
have been a few similar reports in the English language
literature on plain radiography around the time of the
first visit for first bone metastasis lesions with symptoms.

The low screening ability of plain radiography for
bone metastasis is because of limited contrast in trabecu-

lar bone, overlap with bone, soft tissue and gas images,

J Nippon Med Sch 2018; 85 (6)

the

chest and abdomen. Trabecular bone needs to be de-

and the difference of x-ray transparency between

stroyed by more than half to detect any apparent lytic
findings of bone metastasis on plain radiography’. Al-
though the pedicle sign is radiographically regarded as
an initial image of bone metastasis, the pedicle sign is a
result of infiltration from the vertebral body and the pos-
terior element and does not occur early in the course of
metastasis’. Negative findings of a pedicle sign do not al-

ways mean no spinal metastasis is present. For plain ra-
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Table 7 Diagnostic results of blind evaluation of a pedicle sign
using results of retrospective evaluation (Part 1) as ref-

erence
Accuracy Sensitivity Specificity
Observer 1 (1st time) 81.0% 50.0% 88.2%
Observer 1 (2nd time) 71.4% 50.0% 76.5%
Observer 2 (1st time) 80.0% 33.3% 88.2%
Observer 2 (2nd time) 66.7% 50.0% 70.6%
Mean 74.8% 45.8% 80.9%
85 tainly lower than the detection rate of fractures in pa-
80 - ° tients in an emergency room (94-99%)", and the detec-
T tion rate of any abnormality on chest, abdominal, and
75 1 () ® @ . . . 1 :
3 ® musculoskeletal plain radiography (80-83%)", suggesting
P 0 the associated difficulty in diagnosing bone metastasis
w
g 65 1 using plain radiography. This study also showed that
< 6o | there was a strong and significant correlation between ac-
® @ Trainees dob , ; ) ) hooed;
55 |® » Surgeons curacy and observers’ years of experience in orthopedic
surgery among trainees, which suggests that there is a
50 . . - .
0 5 10 15 20 25 learning curve during the training period. On the other

Years

Fig. 3 Correlation between the diagnostic accuracy and
observers’ experience in orthopedics. In trainees,
there was a strong and significant correlation
(R=0.942, p=0.0015), while there was no correlation
among certified orthopedic surgeons (R=0.309,
p=0.691).

diography diagnosis of osteolytic bone metastasis, it is
necessary to comprehensively check the contours of the
spinous processes, the facet joints, the vertebral bodies,
and the faint thinning of trabeculae, and not only the
pedicle.

All patients examined in this study reported pain. Al-
though the mechanism of pain development in bone me-
tastasis is not sufficiently elucidated, complex interac-
tions among cancer cells, bone cells, and peripheral nerve
cells seem to be related to this mechanism®. It is pre-
sumed that nerve stretching that accompanies an increase
in tumor size in the bone marrow and direct infiltration
into the nerve are related to this mechanism, in addition
to any microfracture due to bone loss’. It should be noted
that bone loss and degree of pain are not always propor-
tional in practice, and this is one of the limitations of
plain radiography for the diagnosis of symptomatic bone
metastasis.

The present study showed that the mean blind detec-
tion rate for orthopedic surgeons with plain radiography

for lesions known to be positive was 73%. This is cer-
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hand, data from the scatter chart (Fig. 3) suggests that
the diagnostic ability may mature after becoming a certi-
fied orthopedic surgeon. As bone metastasis is less fre-
quently encountered than common orthopedic diseases
such as osteoarthritis in daily practice, orthopedic train-
ees need specialized plain radiography interpretation
training for the diagnosis of bone metastasis and to be-
come familiar with early interpretation. Moreover, it also
suggests that it is important to create useful plain radiog-
raphy interpretation learning material for bone metasta-
sis.

The present study has some limitations. First, this
study was a retrospective study, and secondly there ex-
ists a sampling bias as the number of patients with avail-
able plain radiography were only about half of all quali-
fied patients. If nearly the same number of cases as those
examined in this study were also added to this study,
there is a possibility that the cumulative result may vary.
Despite these limitations, there are notable strengths that
deserve mention. To the best of our knowledge, this is
the first study to investigate the diagnostic ability of
plain radiography for symptomatic bone metastasis
around the time of first visit. We believe that our results
can contribute to improvement in the early diagnosis of
bone metastasis.

In conclusion, plain radiography at the time of the first
visit can have a definitive role in the early diagnosis of
symptomatic bone metastasis. As plain radiography is

frequently conducted at the time of the first visit in

J Nippon Med Sch 2018; 85 (6)
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medical practice in Japan, this study may be advanta-
geous for early detection of bone metastasis. In order to
make it even more useful, it is important to improve the
ability of practitioners to interpret plain radiographs for

the diagnosis of bone metastasis.
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