
Cancer Investigation, 26:916–922, 2008
ISSN: 0735-7907 print / 1532-4192 online
Copyright c© Informa Healthcare USA, Inc.
DOI: 10.1080/07357900801965059

ORIGINAL ARTICLE
Imaging, Diagnosis, Prognosis

Whole Body Radiography for Bone Survey Screening
of Cancer and Myeloma Patients

Michael Mulligan, Stacy Smith, and Danit Talmi

Department of Radiology and Nuclear Medicine, University of Maryland Medical School, Baltimore, Maryland, USA.

ABSTRACT

Purpose: To determine the utility of a rapid, low dose whole body radiographic system
(Statscan) for the detection of focal metastatic deposits in cancer patients and multifocal dis-
ease in myeloma patients. Materials and Methods: After IRB approval, 30 consecutive patients
had a frontal and lateral whole body radiography done with the Statscan system as a substitute
for conventional radiographic skeletal survey. Both whole body images were obtained in less
than five minutes. Images were retrospectively reviewed, independently, by three musculoskele-
tal radiologists. Findings were compared to information from all other available imaging studies.
Final determinations were by consensus. Results: Of the 30 patients in the study group, there
were 18 men and 12 women with an age range from 37 to 88 years, average 60 years. Diagnoses
were MGUS/multiple myeloma in 18 cases, lymphoma/leukemia in two cases, and cancer in 11
cases. Eleven of the Statscan exams were interpreted by all three radiologists as normal. The
remaining 19 Statscan exams showed a total of 117 lesions (96 osteolytic and 21 osteoblastic).
Ninety percent of these (106/117) were confirmed as areas of suspected metastatic disease
or multifocal involvement by a variety of other imaging studies (radiographic bone survey—7,
CT—33, MR—13, bone scan—4, PET/CT—8). Conclusion: The Statscan whole body radiographic
system is a useful method for detecting focal metastatic disease in cancer patients and multi-
focal involvement in myeloma patients.

INTRODUCTION

Patients who are diagnosed with cancer, multiple myeloma
and other malignancies often need screening studies of the entire
skeleton done to establish the presence or absence of metastatic
disease or multifocal involvement. Despite their low sensitivity,
standard radiographic bone surveys are still one of the most com-
mon studies done to accomplish this screening because of their
ready availability and low cost. Other methods with higher sen-
sitivity often are employed as well, including Tc-99m scintig-
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raphy and F-18 FDG PET/CT. Whole body MR imaging and
whole body CT may be used in some patients. The standard
radiographic bone survey requires multiple exposures of indi-
vidual portions of the skeleton and takes approximately 30–45
minutes to complete (1, 2). At least two new rapid, low dose,
whole body radiographic systems are now available. These sys-
tems are primarily being used to evaluate pediatric and adult
trauma patients (3–5) but are also said to be useful for imaging
the spine in scoliosis patients and the lower limbs for length
and alignment prior to total joint replacement. Some of these
uses and other potential uses have not yet been evaluated and
reported in the literature. We sought to determine the utility
of one of these rapid low dose, whole body radiographic sys-
tems (Statscan, Lodox Systems, North America, South Lyon,
Michigan, USA) for the task of bone survey screening in cancer
and myeloma patients.

MATERIALS AND METHODS

A retrospective review of 30 consecutive patients was
done by three musculoskeletal radiologists independently. Final
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Figure 1. Representative whole body AP (A) and lateral (B) Statscan images. No lesions were detected other than incidental left femoral
enchondroma (arrow).

determinations were by consensus. Experience levels for the
radiologists were >20 years for reader one, >9 years for reader
two and >1 year for reader three. Patients had to have had a bone
survey done using the Statscan and at least one other imaging
study done within 18 months to be included in this study. The
Statscan survey consists of whole body AP from top of skull to

ankles and lateral from top of skull to coccyx (Fig. 1). Statscan
images were acquired in standard mode, with a resolution of
1.4 line pairs per millimeter. Conventional radiographic bone
surveys, at our institution, are done with computed or direct ra-
diographic systems that have line pair resolution ranging from
2.5–5.0.

Whole Body Radiographic Cancer Screening 917



Figure 2. Lateral skull image considered nondiagnostic due to cutoff of frontal bones.

Patients were identified by searching our PACS system pro-
cedure field for the skeletal survey code number. There were
99 bone surveys done in a 12 month period of time. Thirty-five
of these bone surveys were done using the Statscan. However,
five of these patients did not have any other relevant imag-
ing studies done within 18 months of the Statscan and, thus,
were excluded. The radiologists independently reviewed the re-
maining 30 Statscans on our regular PACS workstations that
are equipped with 2K monitors. They recorded the number of
osteolytic and/or osteoblastic lesions and site of involvement.

An assessment of Statscan image quality (diagnostic, marginal
or nondiagnostic) was done compared to our conventional ra-
diographic survey. Statscans were considered “nondiagnostic”
if some critical portion of the skeleton was not felt to be imaged
adequately (Fig. 2). Total number of Statscan images for each
patient was also recorded. Patient’s diagnoses were known to the
readers. One month later all other relevant imaging studies were
reviewed independently noting number of osteolytic and/or os-
teoblastic lesions and site of involvement. When a conventional
radiographic bone survey was reviewed, the total number of
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images obtained was recorded. Finally, all cases were reviewed
by all three readers together to achieve consensus. The study
was approved by our institutional IRB.

RESULTS

Of the 30 patients in the study group, there were 18 men
and 12 women with an age range from 37 to 88 years, average
60 years. Diagnoses were MGUS/multiple myeloma in 18 cases,
lymphoma/leukemia in two cases (NHL and AML), cancer in 11
cases (breast—1, lung—1, glioma—1, renal cell—1, bladder—
2, pancreas—1, prostate—1, and unknown primary—3). One
patient had both MGUS and renal cell carcinoma. An average
of 3 Statscan images was needed for complete evaluation. A sep-
arate lateral view of the skull accounted for this. Eleven of the
Statscans were interpreted by all three radiologists as normal.
Other imaging studies in these cases for each individual pa-
tient included standard radiographic bone surveys in four cases,
chest-abdomen-pelvis CT exams in three cases, CT abdomen-
pelvis in one case, MR of the spine with CT of the chest and
a bone scan in one case, and PET/CT in one case. These stud-
ies were also all normal in these 11 cases. The remaining 19
Statscans showed a total of 117 lesions (96 osteolytic and 21
osteoblastic). Included in the number of osteolytic lesions are
14 spinal compression fractures. Not included in the number of
osteolytic lesions are three patients whose skull films had multi-
ple small lesions that could not be individually counted. Ninety
percent of these (106/117) were confirmed as areas of suspected
metastatic disease or multifocal involvement by a variety of other
imaging studies (radiographic bone survey—7, CT—33, MR—
13, bone scan—4, PET/CT—8). These comparison studies were
done on average within 3.5 months of the Statscan (range 1 day–
18 months). The other 11 lesions were not included in the fields
of view of the cross sectional imaging studies. There were no
discrepancies between any of the Statscans and the conventional
radiographic surveys. Three incidental osteolytic or osteoblastic
lesions, not considered metastatic or malignant, are included in
the totals. There was one distal femoral enchondroma in one pa-
tient, a femoral neck synovial herniation pit in one patient, and
a humeral head cyst in one patient. Statscan quality was consid-
ered good in 23 cases; marginal in 6 cases and nondiagnostic in
1 case by reader number one; good in 19 cases; marginal in 8
cases; and nondiagnostic in 3 cases by reader number two; good
in 18 cases and marginal in 12 cases by reader number three.
Nondiagnostic exams had small portions of the skull or humeri
excluded. Questionable lesions were felt to be present in 4 cases
by reader number one; in 11 cases by reader number two; and
in 9 cases by reader number three (Fig. 3).

DISCUSSION

Our results indicate that the Statscan whole body radiographic
system is a useful method for detecting focal metastatic lesions

Figure 3. Examples of questionable lesions. A) Lateral skull image
with two subtle focal lucencies (arrows) that were felt to represent
arachnoid granulations. B) Magnified AP view of distal humerus
with at least one discrete lesion (arrowhead) but questionable ad-
ditional foci (arrows).
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Figure 4. Comparison of Statscan lateral (A) and reformatted sagittal CT (B). Both studies show compression fracture of T7, but only CT shows
multiple additional lesions in adjacent vertebrae.

in cancer patients and lytic lesions in myeloma patients. The
Statscan system detected just as many focal lesions as conven-
tional radiographic skeletal surveys, similar to its performance
in trauma patients (5, 6). In the current study, there were no
discrepancies between the Statscan and the conventional radio-
graphic surveys despite the lower resolution of the Statscan (1.4
lp/mm) versus the CR and DR systems (2.5–5.0 lp/mm). The
Statscan does have higher resolution modes available (up to
5.0 lp/mm), but, at the highest resolution, one is able only to
image portions of the skeleton (7). We chose the lower level
of resolution in order to obtain whole body images. How-
ever, for nontrauma patients higher levels of resolution may
be desirable since speed and single whole body images are
not critical. In our study, the readers did identify a variable
number of questionable lesions that seemed to depend on the
reader’s level of experience. We did not feel that the number

of questionable lesions was greater than what would be ex-
pected for any conventional radiographic technique, although
we did not specifically measure this. As with other simple radio-
graphic methods, the activity of an individual lesion could not be
determined.

It is widely known that radiographic surveys are less sensi-
tive for lesion detection than some other whole body techniques,
e.g., CT, MR or PET/CT (Fig. 4). For instance, in the staging
of myeloma patients it has been shown that MR may reveal ab-
normalities in up to 36% of cases where the radiographic survey
is reported to be normal (8). Likewise PET/CT shows abnor-
malities in up to 25% of cases where the radiographic survey
is reported to be normal (9). These advanced images studies,
however, cannot yet entirely replace radiographic surveys since
the radiographic surveys may detect additional lesions in up to
20% of cases, even in areas where MR images are reported to
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Figure 5. Comparison of magnified Statscan AP view of pelvis (A) and axial CT (B). Loss of left teardrop shadow is evident on radiograph when
compared to normal right side (arrows), but is much easier to detect on CT.

be normal (10). A combination of staging studies still seems
to be the best approach (11), especially for myeloma patients
in whom it is important to know the tumor burden throughout
the entire skeleton. Our study supports these views. Similar to
other reports in the literature (12) cross sectional imaging stud-
ies in our patients did reveal some other lesions in addition to
those evident on the Statscan. This issue has not been studied
as extensively in cancer patients perhaps because once metas-
tases have appeared anywhere in the skeleton treatment deci-
sions are not as dependent on knowing each and every site of
involvement.

Based on our initial results, we feel that radiologists and re-
ferring physicians should be as confident with the whole body
system as with a conventional radiographic exam regarding the
presence or absence of focal lesions (Fig. 5). Other institutions
with similar whole body radiographic systems could consider
substituting this method for the routine radiographic bone sur-
vey when such an exam is requested. Standard radiographic bone
surveys require 8–20 different exposures of the skeleton depend-
ing on the completeness of the evaluation (1, 2). At our insti-
tution, the average is 18 exposures. The patient is typically on
the radiographic table for 20–45 minutes. A Statscan takes less
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than five minutes and requires only three exposures on average.
At standard resolution (1.4 lp/mm), the Statscan AP whole body
and lateral spine images are acquired in less than 15 seconds
each versus 25–45 minutes for multiple conventional or com-
puted radiographs of the typical patient. The Statscan unit is
less expensive than a standard radiographic system. The billing
cost for a radiographic bone survey is the same at our institution
regardless of method used to obtain it.

The Statscan also has the benefit of a lower radiographic dose
of 25 to 75% compared to conventional film screen exams. Tech-
niques that allow for doses “as low as reasonably achievable”
(ALARA concept) are important in all areas of radiology. Recent
emphasis is on lower dose multislice CT techniques, especially
for children; however, dose considerations are important for all
patients in every setting, especially in light of the latest Bio-
logical Effects of Ionizing Radiations report (BEIR VII) that
supports a linear no-threshold model of radiation exposure (13).
This model implies that even the smallest doses of radiation may
have harmful effects.

This study has some limitations. The number of cases is not
large but is in keeping with the number of cases in other such
studies. The patients did not all have other complete whole body
imaging studies to corroborate the Statscan findings, but clinical
follow-up has not revealed any significant missed lesions in any
of these patients who all have more than one year of follow up
since the study was completed. There is no pathologic proof.
There are multiple comparison techniques. The study is retro-
spective, and there was no defined control group. However, our
11 normal cases can be viewed as an internal control.

SUMMARY

Whole body imaging techniques continue to evolve. Rapid,
low dose whole body radiographic systems are useful tools not
only because of their diagnostic accuracy, speed and dose con-
siderations but also because of their low cost and potential for
wide availability.
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