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Purpose: To determine tbe diagnostic performance of
technetium bone scanning in the setting of possible osteo-
myelitis in the foot of a patient who bas diabetes or other
vasculopatby.

Design: Meta-analysis.

Data identification and study selection: To be eligible for
inclusion, a report must bave used intravenous techne-
tium-99m metbylene dipbospbonate or a similar agent in
bumans over the age of 16 years, must bave addressed pos-
sible osteomyelitis of the lower extremity with ulcer or soft-
tissue inflammation in the setting of diabetes, neuropatby,
or vasculopatby, and must bave allowed the generation of
a two-by-two table. A structured search of the MEDLARS
database found 296 possibly eligible reports; ten met all the
inclusion criteria.

Data extraction and synthesis: The reported sensitivity
and specificity of each report were converted to their logis-
tic transforms and a straight line was fitted by weighted
least-squares regression. The line was then back-trans-
Jormed to yield a summary receiver operating characteris-
#ic curve. The false-positive rate of the bone scan is at best
in the range of 10 to 20%. This occurs at sensitivities be-
tween 70 and 80%. The studies with increased sensitivity
also reported sizable increases in the false-positive rate
ranging from 20 to over 90%. Even small increases in
sensitivity bave necessitated large sacrifices in specificity.
Seven of the ten studies reported specificities under 70%.
Conclusions: Publisbed data defining the effectiveness of
tecbnetium bone scanning for the diagnosis of osteomye-
litis in the impaired foot indicate relatively poor perform-
ance. In many clinical situations, the specificity of the bone
scan will not be bigh enough to confirm tbe diagnosis of
osteomyelitis.
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DISTINGUISHING SOFI-TISSUE INFECTIONS from deeper
bone infections in diabetes patients and other patients
with vascular or neurologic deficits has significant
management and prognostic implications. Unfortu-
nately, clinical examination and plain radiography
alone may not suffice to make the diagnosis. Many clini-
cians rely on radionuclide scanning with technetium
isotopes, especially technetium-99m methylene di-
phosphonate (Tc99m MDP), to help determine
whether the bone is infected in order to assist in the
planning of antibiotic therapy. Negative scans indicate
cellulitis and may result in a decision to treat with a
short course of antibiotics. A positive scan showing ac-
cumulation of the radioisotope in the bone itself may
lead to a commitment to a prolonged course of antibi-
otics for presumed osteomyelitis. How accurate this
test is in making these clinical distinctions may, there-
fore, have important implications for the outcomes and
costs of care.

We reviewed the literature on the performance of
technetium bone scanning for the diagnosis of osteo-
myelitis of the lower extremity in patients with under-
lying vascular insufficiency or peripheral neuropathy.
To estimate the test’s performance and its value for
differentiating osteomyelitis from soft-tissue infection
in this situation, we used meta-analytic methods devel-
oped specifically for summarizing the performances of
diagnostic test results from multiple studies.

METHODS
Literature Review

QOur goal was to find all published reports of the
performance of technetium bone scanning in diagnos-
ing osteomyelitis in impaired feet and ankles. Impair-
ment is most commonly due to diabetes, but studies
including patients with other conditions causing vascu-
lar disease or peripheral neuropathy were eligible for
inclusion. All eligible reports met these criteria:

1. The study was of humans more than 16 years
old.

2. Intravenous Tc99m MDP or a similar agent was
used.
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3. The report addressed possible osteomyelitis of
the distal lower extremity with ulcer or soft-
tissue inflammation in the setting of diabetes,
neuropathy, or vasculopathy.

4. A complete count of true-positive (TP), false-
positive (FP), false-negative (FN), and true-
negative (TN) patients (a two-by-two perform-
ance table) could be generated from the data in
the paper.

5. The study included at least ten subjects, includ-
ing at least one reference-positive and one ref-
erence-negative subject.

Literature Searches

We conducted four independent literature
searches. Two were performed by physician-investiga-
tors who were familiar with the medical literature and
with the clinical problem. Two more searches were
performed by professional medical librarians with ex-
tensive expertise in medical bibliography and comput-
erized medical literature databases but only a layman’s
appreciation of the clinical problem.

The four searchers constructed their own strate-
gies based on key words, text words, and other search-
ing devices of their own choosing and applied their
strategies to the MEDLARS database. For example, one
of the searchers used this strategy:

(scan$ or radionuclid$ or radioisotop$ or techne-
tium or 99mtc)

and (foot or feet or leg or legs or ulcer or ulcers or
bone)

and osteomyelitis

The dollar sign ($) is a ““wild card’’ symbol that causes
the computer to search for any character string.
“scan$”’ retrieves ‘‘scan,”’ ‘‘scans,’’ “scanning,” etc.

The four searches were then merged into a single
list of references (many with abstracts as well as MeSH
key words and bibliographic source data). Two
physician - investigators reviewed the merged list and
marked each entry according to the predefined eligibil-
ity criteria. If the abstract, key word, and title were not
adequate to determine eligibility, we obtained the re-
port from the library and reviewed it in full. We ob-
tained English translations as necessary.

We also reviewed the reference lists of all included
articles after the initial MEDLARS search and examined
the citations for possible eligible reports. Each ex-
cluded report was coded with the first reason deter-
mined for exclusion. We did no further analysis of ex-
cluded papers.

Available Studies and Their Quality

In all, we examined 296 articles (the vast majority
from the MEDLARS database) and found ten studies that
were eligible for inclusion in this summary. Reports
were most commonly excluded because they did not
contain original data (38 reports), they were not actu-
ally about osteomyelitis (99), they did not investigate
technetium bone scanning (60), or they did notaddress
pedal inflammation (28). Other reports were excluded
because they did not study adults (14), had fewer than
ten subjects (34), did not study humans (10), or were
not available (2). One additional study’ was excluded
after preliminary analysis because it used a substan-
tially lower dose of isotope (6 mCi) than did the others
(18 to 22 mCi). Not surprisingly, it reported substan-
tially lower performance than did the full-dose reports.
The remaining eligible reports are described in Tables
1 and 2.

Most reports were from departments of radiology
or nuclear medicine. Two reports came from depart-
ments of podiatric surgery.> 4 The sample sizes ranged
from the minimum required for inclusion (ten)3t0 94 .5
A total of 305 data points were included in the ten
studies. Because five of the studies counted an impaired
limb rather than a patient as the unit of analysis, the
total number of patients studied is not known. Six stud-
ies used retrospective designs; four were prospective.

Nine of the included studies used technetium-99m
methylenediphosphonate or hydroxymethylenedi-
phosphonate in doses ranging from 18 to 22 mCi. Seven
of these studies employed three-phase techniques, one
used a four-phase method,? and one used single-phase
scans.4 One study? did not report the technical details
of the bone scans.

For a reference (“‘gold standard’’) test, most of the
studies relied on combinations of pathologic findings
following surgery or biopsy and clinical follow-up after
treatment. One study relied, in part, on other imaging
modes,? and one used discharge information® to deter-
mine the actual diagnosis. Nearly half of the studies
appeared to have interpreted the bone scans without
reference to the gold standard, but did not actually state
that the reference test had been interpreted indepen-
dent of the scan. Four studies did not address the issue
of independence at all. Only two eligible reports”?
clearly maintained independence. Seven of the ten
studies had assembled their patients through referrals
to radiology: entry to the study was by virtue of a re-
quest for an imaging test. Two studies had used the
reference test to obtain patients.3- 7 Only one study ap-
peared to have used a clinical complaint related to pos-
sible osteomyelitis as the enrollment criterion.* Most of
the reports provided some description of the popula-
tions studied. None, however, described comorbidity
to any significant degree. Half of the reports failed to
supply descriptive data concerning gender and age of
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the subjects. Two of the reports did not indicate what
fractions of their populations had diabetes.

Meta-analysis

Data reporting the performance of bone scanning
were extracted from each eligible report and used to
generate a summary receiver operating characteristic
(SROC) curve. The method for deriving the SROC
curve is described in Appendix A and elsewhere.!2 The
resulting curve describes how the test’s pecformance in
those with osteomyelitis [sensitivity or true-positive
rate (TPR)] varies with its performance in those with-
out osteomyelitis [false-positive rate (FPR) or
1 — specificity].

Differences among the reported accuracies are due
to several factors. First, some investigators may have

used a stricter threshold or cutoff to declare a test ““pos-
itive.”” These studies may report better specificity but
sacrifice some sensitivity compared with those using a
more lax threshold to define a positive test, and vice
versa. Second, the reports may differ because of random
variations in the performance (accuracy) of the test.
Third, differences in the populations studied, the dis-
eases sought, the settings in which the test is employed,
and the methods of the index and reference tests may
have profound effects on reported sensitivity and speci-
ficity. All these differences may lead to heterogeneity
among the eligible reports that should argue against
considering them as all estimating one underlying sen-
sitivity and one underlying specificity. Rather, these
factors (especially threshold) may cause the reported
test performance to vary among studies in a way best
described by an ROC curve that is consistent with the

TABLE 1
The Eligible Reports Used in the Meta-analysis

Number
Prevalence of of Bone  Dose of
Diabetes Scan Tc39mt Study
Report* Types of Patients (%) Phases (mCi) Reference Test Design
Alazraki et al. 19852  Patients with lower-extremity ? 4 20 Clinical course, surgical bone Retrospective
ulcers and possible specimen, x-rays, gallium
osteomyelitis, referred for scans, and computed
bone scan tomography
Caprioli et al. 19863 Biopsy subjects with suspected ? ? ? Percutaneous bone culture Retrospective
osteomyelitis and pedal
uiceration
Hetherington 19824 Patients with peripheral 64 1 18 Bone biopsy and culture Prospective
neuropathy with foot
uiceration admitted to
podiatry service
Keenan et al. 1989° Long-standing diabetic patients 100 3 22 Bone culture, histologic Prospective
referred for evaluation of examination, or outpatient
possible infection follow-up
Maurer et al. 1986° Patients with possible 100 3 20 Surgical bone specimen or Retrospective
osteomyelitis and 4-month follow-up
radiographic evidence of
osteoarthropathy referred
for indium and technetium
scanning
Park et al. 19827 Patients with a variety of 100 3 20 Bone biopsy Retrospective
infections referred for bone
biopsy or surgery
Schauwecker et al. Patients with suspected 74 3 ? Bone histology or discharge Prospective
19888 osteomyelitis with diagnosis and follow-up
radiographic changes
consistent with neuropathic
foot disease
Segall et al. 1389° Mixed population of patients 54 3 21 Surgical or biopsy specimen of Retrospective
with underlying pathologic bone
conditions referred for bone
scan
Seidin et al. 19851 Patients with suspected 90 3 20 Bone biopsy, culture, or both Retrospective
osteomnyelitis with bone scan
and “‘proven diagnosis™’
available
Yuh et al. 19831 Consecutive patients with 100 3 22 Pathologic or bacteriologic Prospective

suspected osteomyelitis and/
or nonhealing foot ulcers

specimen of bone

*For complete reference citations, see the reference list. tTechnetium-99m.
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TABLE 2
The Reported Results of the Eligible Studies*

Reportt Prevalence (%) TP FP FN TN TPR FPR
Alazraki et al. 19852 25 4 2 1 13 0.80 0.13
Caprioli et al. 19863 60 6 3 0 1 1.00 0.75
Hetherington 19824 86 12 2 0 0 1.00 1.00
Keenan et al. 19895 40 38 35 0 21 1.00 0.62
Maurer et al. 1986° 31 3 4 1 5 0.75 0.44
Park et al. 19827 58 20 3 1 12 0.95 0.20
Schauwecker et al. 19888 49 17 18 0 0 1.00 1.00
Segall et al. 1989° 42 7 8 3 6 0.70 0.57
Seldin et al. 1985'° 53 15 2 1 11 0.94 0.21
Yuh et al. 1989"" 62 17 9 1 2 0.94 0.82

*TP = number of true-positive subjects; FP = number of false-positive subjects; FN = number of false-negative subjects; TN = number of true-nega-
tive subjects; TPR = true-positive rate = TP/(TP+FN); FPR = false-positive rate = FP/(FP+TN).

tFor complete reference citations, see the reference list.

reported data but allows for differences among the
studies. Further, the impact of these factors on the ROC
curve may be assessed by sensitivity analysis (Appen-
dix A).

RESULTS

The estimated SROC curve appears in Figure 1.
This curve results from a straight line with slope (b) of
—0.103 and intercept (i) of +2.243 based on the
logistic transforms of the operating characteristics of
the bone scan from the ten studies (Appendix A). We
did not extrapolate the estimated SROC curve beyond
the region where eligible reports provided informa-
tion. Because none of the eligible reports presented
data in the lower left region of the SROC space, the
curve does not extend to the origin.

As can be seen in Figure 1, the FPR of the bone scan
is at best 20%. This occurs at sensitivities (TPRs) from
70 to 80%. The studies with increased sensitivities also
report sizable increases in the FPRs ranging from 20 to
over 90%. Even small increases in sensitivity necessi-
tate large sacrifices in specificity. Seven of the ten stud-
ies reported FPRs over 30%.

We compared the summarized test performances
in subgroups of reports based on the year of publica-
tion, the prevalence of disease in the population stud-
ied, whether a prospective or a retrospective study de-
sign was used, the sample size, the reference test
method (pathology report vs. clinical follow-up),
whether the criteria for a positive scan were noted,
whether analysis was by patient or by lesion, and the
prevalence of diabetes in the study groups. In spite of
the large apparent differences between the subgroups
compared, none of these factors had a statistically sig-
nificant effect on the SROC curve.

Six reports indicated the apparent causes of false-
positive scan results. Among the 50 false-positive re-
sults in those six series, 14 were called ‘‘neuropathic”
by the authors, four were labeled “‘neurotrophic,”” two

were at the site of a fracture, two were due to ‘‘gout,”
and one was noted to be a ““Charcot’s joint.”” Twenty-
seven were not explained.

DISCUSSION

The available literature about the performance of
bone scans in this clinical situation is seriously limited.
Although most papers supply details about the techni-
cal aspects of the bone scans, few studies ensured that
the subjects formed an unbiased sample of a relevant
population. None of the studies scanned an entire pop-
ulation of subjects selected because of a clinical suspi-
cion of osteomyelitis and then determined the final
diagnosis in a reliable and complete manner. Most
commonly, these studies were based on retrospective
collections of patients referred for bone scans who also
had bone biopsies.

All the studies suffered from problems in obtaining
an adequate gold standard. First, there is controversy
about what constitutes a perfect reference test, even
under ideal circumstances. The presence of bacteria on
bone culture or histopathologic examination is persua-
sive (although not absolutely convincing) for the diag-
nosis of osteomyelitis. A negative result is less satisfac-
tory, as it is easy to imagine the trocar’s missing the site
of infection. Untreated osteomyelitis rarely resolves!3
and often progresses to obvious manifestations of un-
derlying bone infection. However, what of the patient
whose condition worsens on antibiotic therapy? Or im-
proves? How shall these cases be judged? It may be
neither practical nor ethical to deny the use of antibi-
otics to ensure that the clinical course provide a valid
indication of the true extent of the disease. For this
analysis, we accepted as an ““adequate’ reference test
biopsy, long-term clinical follow-up (with or without
therapy), or both.

Sample sizes in this literature are small. The largest
report had only 94 subjects, and the mean was fewer
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FIGURE 1. The estimated summary receiver operating character-
istic (SROC) curve based on the ten reports studied. The vertical axis
represents the true-positive rate; the horizontal axis represents the false-
positive rate. Each of the ten reports is represented as a small filled circle.
The position of each report indicates its reported performance. The pa-
rameters of the curve (see the text) are b= —0.103 and i = +2.243.

than 31. The biologic and clinical heterogeneity of os-
teomyelitis demands that more patients be studied to
uncover any inherent differences in test performance
between relevant clinical subsets.

Missing any relevant literature could have altered
our estimated test performance. To prevent this, we
performed an exhaustive literature search. Nonethe-
less, it is possible that an eligible report eluded our
attention.

The substantial heterogeneity among the known
eligible reports, coupled with their less-than-optimal
design characteristics, points to the need for further
prospective evaluation of this technology before a
stable estimate of performance can be produced. It is
even more difficult to evaluate the influences of study
and population characteristics. With only ten eligible
studies, only very large differences between subgroups
can reach statistical significance. In other words, this
meta-analysis lacked statistical power to reject hypoth-
eses based on subgroup analysis. However, the fact that
multiple sensitivity analyses failed to find significant
differences argues that the overall estimated SROC
curve (based on all ten eligible reports) is an appropri-
ate summary of the available literature.

Despite these limitations, our analysis provides
some useful findings. It confirms the clinical impres-
sion that technetium bone scanning is not highly accu-
rate. In particular, the scan is often unable to permit
distinction of osteomyelitis from competing diagnostic
entities such as soft-tissue infection, neurotrophic le-
sions, gout, and stress fractures. In many cases, the scan
is positive absent any bone or joint abnormality.

For distinguishing the presence or absence of os-
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teomyelitis, the SROC curve provides the best current
summary of the performance of the technology. It is
more informative than a single fourfold table based on
pooling all the available data. Rather than ignoring the
diversity of results in the literature, the SROC curve
takes into account the range of possible combinations
of sensitivities and specificities that best describes the
included reports. We chose to represent performance
as a2 SROC curve, rather than as a point estimate, be-
cause we believe that different thresholds (and other
differences) are generally present in different reports.

The SROC curve resulting from this meta-analysis
(Fig. 1) suggests that technetium bone scanning is less
accurate than previously expected. To achieve a TPR
(sensitivity) of 90% would necessitate that over 50% of
patients with soft-tissue infection or other inflamma-
tory conditions be misdiagnosed as having osteomye-
litis (FPR = 54%). Likewise, altering the diagnostic
threshold such that the FPR is only 25% means that
nearly a fourth of the patients with bone involvement
would be missed (sensitivity = 77%).

These results have implications for clinicians
using this test in this difficult diagnostic situation.
Given the range of possible operating characteristics
for this test, it is imperative that the sensitivity and
specificity values in each local community or hospital
be known before a bone scan is interpreted. We expect
that in many clinical settings, the specificity of the bone
scan will not be high enough to confirm the diagnosis of
osteompyelitis. In other words, the clinician should not
recommend a costly, risky, or noxious therapy on the
basis of a positive bone scan alone. Furthermore, unless
the prior probability of osteomyelitis is very low, the
reassurance provided by a negative bone scan will be
limited. At present, the test is probably best used in
patients strongly suspected of having osteomyelitis for
whom a positive scan will be followed by a biopsy to
confirm the presence of bony infection. For those with
anegative scan, if conservative treatment with oral anti-
biotics is chosen, the clinical plan should include close
patient follow-up to ensure that osteomyelitis has not
been falsely missed. Further conclusions about its role
in diagnosis will have to await a full analysis of the
clinical implications and costs of the erross produced
by the test versus the help it provides in diagnosis. Until
then, the information now available from this meta-
analysis should serve to inform clinicians about the
inherent diagnostic ability and limitations of techne-
tium bone scanning.

ADDENDUM

Since we prepared the manuscript, an additional
eligible report was published.'* This report focused
primarily on leukocyte scanning with Indium In111,
but provided data about the use of Tc99m as well. Eigh-
teen of 26 patients with osteomyelitis were detected by
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bone scanning (TPR = 0.69). Five of 13 without osteo-
myelitis tested positive (FPR = 0.38). The recalcu-
Iated summary ROC curve with the additional study
included has aslope (b) of —0.012 and an intercept (i)
of 1.867. This indicates slightly lower test perform-
ance. The difference may not be clinically significant.

The authors are indebted to Gloria Linder, MLS, of Stanford University
and Kathryn Nesbitt, MLS, of the University of Rochester for superla-
tive library services.
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APPENDIX A

Curve Estimation and Analysis

To construct the best estimate of the performance of
bone scans, the true-positive rate (TPR) and the false-positive
rate (FPR) from each study were transformed into their corre-
sponding logistic equivalents and weighted least-squares re-
gression was performed.'? First, a two-by-two table of per-
formance was constructed for each eligible report:

Osteomyelitis Osteomyelitis
Present Absent
Bone Scan | Number of true- Number of false-
Positive positive subjects (TP) | positive subjects (FP)
Bone Scan | Number of false- Number of true-
Negative negative subjects (FN) | negative subjects (TN)

To avoid taking the logarithm of zero, a correction factor
of 0.5 was added to each cell. Then TPRs and FPRs were
calculated for each table:

TP
TPR=——
TP + FN

FP
FPR = ———
FP + TN

The TPRs and the FPRs were converted to their logistic
equivalents:

TPR
logit(TPR) = In ( *)

1—TPR

logit(FPR) =1 ( FPR )
og1 =my\ —————
& 1—FPR

Two additional measures were derived:

D = logit(TPR) — logit(FPR)
$ = logit(TPR) + logit(FPR)

D is a measure of the performance of the test in that it is
related to how well the test (at the given value of § or cutoff)
distinguishes between the ‘‘sick” and the “‘well.” S is related
to the diagnostic cutoff chosen by the original investigators in
their assessment. Investigators with “‘strict’” criteria for call-
ing a scan “positive” will tend to report a low TPR (low
sensitivity) as well as a low FPR (high specificity). If the
threshold is low or “lax,” sensitivity improves, specificity
declines, and both TPR and FPR go up. The variances of S and
D are equal and are calculated as:

1 1 1
Var=—+—+ —=—
TP FP FN TN

Weighted least-squares regression was performed with S
as the independent variable against D as the dependent vari-
able and the inverses of the variances serving as the weights.
The regression generally yields a line with slope (b) near zero
whose height (the intercept, i, of the regression analysis) is a
measure of the overall performance of the test. The line was
back-converted to the familiar representation of FPR vs. TPR
according to this formula:

TPR =

1+ 1

i 1+b

1-» ( FPR )?I
[ o —
1 — FPR)

e is the base of the natural logarithm. This equation traces out
a curve that is consistent with each of the included reports of
TPR and FPR and serves as a summary receiver operating char-
acteristic (SROC) curve. Changes in b lead to slightly differ-
ent shapes of the SROC curve. As i increases, the SROC curve
more closely approaches the shape of a “‘perfect test” that
operates in the upper left corner of the graph with high TPR
and low FPR. Sensitivity analyses were performed by recalcu-
lating and redrawing the SROC curve with selected studies
omitted. Subgroups of reports were analyzed by comparing
the distances of the transformed (linear) data from the overall
regression line for individual subgroups. The averages of the
two subgroups were compared using Student’s t-test.




