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Osteomyelitis was surgically produced in the proximal tibia of
ten dogs. A sham operation was performed on the other tibia.
Early (3 hr) and late (20 hr) imaging was performed 1, 4, 7,
10, and 13 wk later, while the osteomyelitis progressed from
acute to chronic. Indium-111-IgG had a significantly greater
accumulation at the osteomyelitis site than '"'In-leukocytes,
both during earty (p = 0.001) and late (p = 0.03) imaging, and
at each of the weeks studied (p < 0.001). During early
imaging, both agents gave equivalent lesion to background
ratios. On the late images, the '''In-leukocytes gave signifi-
cantly higher lesion-to-background ratios than '"'in-IgG (p <
0.001) and higher ratios than they did during the early images
(p < 0.001). Both agents had greater accumulation in acute
osteomyelitis than in chronic osteomyelitis (p < 0.02). Osteo-
myelitis in the surgical site can be distinguished from the
uptake in the sham surgery site using '"'In-leukocytes, but
not when using '"'In-IgG.
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Recently Rubin, Fischman, and co-workers at Massa-
chusetts General Hospital have developed a nonspecific
polyclonal antibody against infection (IgG) (7). This IgG
has been used in several animal and human studies and
appears to be very effective (1-5). Presently, labeled leu-
kocytes may be the best widely used radiotracer for the
study of osteomyelitis (6,7). In this study, we compared
""In-IgG with '"In-leukocytes in Fitzgerald’s canine
model of osteomyelitis to determine the advantages and
disadvantages of each agent.

MATERIALS AND METHODS

Canine Osteomyelitis Model
Closely following Fitzgerald’s model, the proximal tibial
metaphysis was exposed bilaterally through a posteromedial in-
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cision (8). A cortical window of about 1 cm? was removed and
the underlying cancellous bone was curetted. Both intramedullary
defects were filled with polymethylmethacrylate; the right was
closed using sterile technique while the left was inocculated with
10° Staphylococcus aureus before filling with bone cement and
closing. As documented by Fitzgerald, the neutrophilic response
to this surgical treatment lasts about 2 wk and approximates the
subacute osteomyelitis seen with an infected prosthesis (8). By
12 wk, the response is almost totally by lymphocytes and the
model approximates chronic osteomyelitis (8). Ten 25-35 kg
mixed sexed mongrel dogs were studied; five with '''In-IgG and
five with '''In-leukocytes. No dog received both '''In-IgG and
'"'In-leukocytes.

Radiopharmaceuticals

The IgG, in kit form, was supplied by Doctors Rubin and
Fischman. The !"'In-IgG was prepared and labeled with 0.5 mCi
!"""In- as previously described (4). The '''In-leukocytes were pre-
pared by gravity sedimentation of approximately 47 ml of blood,
followed by labeling with 0.5 mCi '''In-tropolonate in plasma
(9). Throughout the separation and labeling procedure, the leu-
kocytes were constantly kept in plasma and never exposed to
saline.

Imaging

Imaging was performed at approximately 3 and 20 hr (early
and late images, respectively) following injection of the radio-
pharmaceutical. In a given dog, the same radiopharmaceutical
was injected and imaging was performed on weeks 1, 4, 7, 10,
and 13 following the surgical creation of osteomyelitis using a
Picker 4/15 gamma camera and a medium-energy collimator.
Data were acquired to an ADAC System III computer using a
128 x 128 x 16 matrix. Figure 1 shows typical images that were
acquired for 900 sec. Typically, there were about 200,000 counts
in an '""In-leukocyte image and about 500,000 counts in an '''In-
IgG image.

Regions of interest were obtained in the left and right proximal
and distal tibias. A region of interest also was drawn around a
calibrated external source. These counts were corrected for dif-
ferences in the number of pixels before ratios and percentages
were calculated.

Originally, it was thought that the right proximal tibia (sham-
surgery site) would be the best control for the osteomyelitis site.
However, this proved to be a poor control site since inflammation
from the surgery accumulated both radiopharmaceuticals as de-
scribed in the Discussion section. Comparisons were made as
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FIGURE 1. Anterior 24-hr ""'In-IgG (upper row) and '"In-leu-
kocyte (lower row) images obtained 1 wk (left column) and 13
wk (right column) after surgery. The open arrows identify the
osteomyelitis site and the solid arrows identify the sham-surgery
site.

follows: (1) between the osteomyelitis site and the ipsilateral distal
tibia control site; (2) between the sham-surgery site and the
ipsilateral distal tibia control site; (3) between the osteomyelitis
site and external source; and (4) between the sham-surgery site
and the external source.

Histologic Evaluation

At the completion of the last images, the animals were sacri-
ficed and specimens were obtained for histologic evaluation.
Plastic embedding was used because it preserves the tissue struc-
ture and cytologic detail more faithfully than does paraffin
embedding (10,11). A board certified pathologist (GAM) pre-
pared and analyzed all specimens. Half of the animals were
evaluated. All of the sites infected with Staphylococcus aureus
showed evidence of osteomyelitis, while the corresponding sham-
surgery sites did not.

Statistical Analysis

Repeated measures analysis of variance (ANOVA) was used
to examine differences among agents, weeks, and early versus
late imaging for each of the comparisons seen in Figures 2-7
(12). In order to better answer the important questions about
agents and imaging times, separate analyses were performed for
early and late imaging, as well as for each agent. In the repeated
measures ANOVA models for early and late imaging, week effect
was the repeated factor, and agent was the grouping factor. The
ANOVA for each agent considered day and week effects, both as
repeated factors in the models. In addition, repeated measures
ANOVAs were used to compare the osteomyelitis site and the
sham-surgery site across weeks for each agent at each imaging
time.

RESULTS

Osteomyelitis Site Versus Distal Tibia Control Site
Figure 2 is a plot of the uptake in the osteomyelitis site
divided by the uptake in the distal tibia control site for the
various weeks following surgery. The early images using
"""In-leukocytes and '''In-IgG gave similar ratios (p =
0.09). The ratios for '''In-IgG did not change from early
to late imaging (p = 0.14). Notice that the '''In-leukocytes
gave significantly higher ratios during late imaging than

Indium-111-Labeled Nonspecific IgG * Schauwecker et al

WBC Early

o WBC Late

71 —O— 1gGEary

19G Late
6 A
5 J
4 4

Osteomyelitis/Control

| L 1 | 1
1 4 7 10 13
Weeks After Surgery

FIGURE 2. Plot of the counts at the osteomyelitis site divided
by the counts at the ipsilateral distal tibia control site for the
various weeks following surgery. The error bars represent one
standard deviation.

during early imaging (p = 0.001). The late '"'In-leukocyte
images provided significantly higher uptake ratios than
those obtained with '''In-IgG (p < 0.001). Finally, the
uptake at week 1 was significantly greater than at any other
week for both early and late imaging (p = 0.01).

Sham-Surgery Site Versus Distal Tibia Control Site
Figure 3 is a plot of the uptake in the uninfected sham-
surgery site divided by the uptake in the distal tibia site
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FIGURE 3. Plot of the counts at the sham-surgery site divided
by the counts at the ipsilateral distal tibia control site for the
various weeks following surgery. The error bars represent one
standard deviation.
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for the various weeks following surgery. The uptake at
week | was greater than any subsequent week for both
agents and for both early and late imaging (p < 0.001).
There was no significant difference between agents or
between early and late imaging at the sham-surgery site.

Osteomyelitis Site Versus Sham-Surgery Site Using
"In-Leukocytes

Figure 4 replots the data from Figures 2 and 3 for '''In-
leukocytes only. The osteomyelitis site has higher ratios
than the sham-surgery site in the early images (p = 0.03)
and borderline higher ratios on the late images (p = 0.06).
This may represent independent confirmation of the con-
tinued presence of osteomyelitis. If the osteomyelitis had
disappeared, the osteomyelitis site and the sham-surgery
site should give equivalent ratios.

Osteomyelitis Site Versus Sham-Surgery Site Using
"in-IgG

Figure 5 replots the data from Figures 2 and 3 for '''In-
IgG only. There was no difference in osteomyelitis com-
pared with sham ratios for either the early images (p =
0.94) or for the late images (p = 0.19).

Osteomyelitis Site Versus External Source

Figure 6 is a plot of the percent of the injected dose
(%ID) localizing in the osteomyelitis site for the various
weeks following surgery. On both early (p = 0.002) and
late (p = 0.03) images, a significantly higher percent of the
"""In-IgG than of the '''In-leukocytes went to the osteo-
myelitis site. In addition, the percentage of both '''In-IgG
(p < 0.001) and '"'In-leukocytes (p = 0.004) that went to
the osteomyelitis site varied significantly across weeks. For
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FIGURE 4. Plot of the '"'In-leukocyte osteomyelitis/control
and sham/control data for the various weeks following surgery.
The error bars represent one standard deviation.
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FIGURE 5. Piot of the '"In-IgG osteomyelitis/control and
sham/control data for the various weeks following surgery. The
error bars represent one standard deviation.

both agents, the largest percentage occurred during Week
1. Finally, the %ID at the osteomyelitis site increased from
early to late imaging using '''In-leukocytes (p = 0.008),
but did not change using '''In-IgG (p = 0.57).

Sham-Surgery Site Versus External Source

Figure 7 is a plot of the %ID localizing in the sham-
surgery site for the various weeks following surgery. In
both the early (p < 0.001) and late (p < 0.001) images, a
significantly higher percent of '''In-IgG than of ''In-
leukocytes went to the sham-surgery site. Uptake varied
significantly across weeks for both '''In-IgG (p < 0.001)
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FIGURE 6. Percent of the injected dose localized at the osteo-
myelitis site obtained by comparing the activity at the osteomye-
litis site to an external source for the various weeks following
surgery. The error bars represent one standard deviation.
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FIGURE 7. Percent of the injected dose localized at the sham-
surgery site obtained by comparing the activity at the sham-
surgery site to an external source for the various weeks following
surgery. The error bars represent one standard deviation.

and '"'In-leukocytes (p = 0.02). The greatest uptake was
observed in Week 1 for both agents. The %ID in the sham-
surgery site did not change from early to late imaging using
either '''In-leukocytes (p = 0.52) or '''In-IgG (p = 0.07).

Percent of the Injected Dose at the Osteomyelitis and
Sham-Surgery Sites

Data in Figures 6 and 7 were evaluated to determine
the %ID at the two sites. There were no significant differ-
ences in percentage at the two sites using '''In-IgG for
either early (p = 0.54) or late imaging (p = 0.76). With
"""In-leukocytes, there was greater %ID at the osteomyelitis
site in the delayed images (p = 0.03), but not significantly
more in the early images (p = 0.11).

DISCUSSION

A larger percentage of the injected '''In-IgG dose than
of the !''In-leukocyte dose accumulates in the osteomye-
litis site (Fig. 6). However, this is not equivalent to in-
creased lesion-to-background ratios (Fig. 2). In actual clin-
ical practice, the '''In-IgG should be able to visualize
osteomyelitis as well as the early '''In-leukocyte images
(Fig. 2). There is no improvement in the lesion-to-back-
ground ratio for '''In-IgG between the early and late
images (Fig. 2), and there was no additional accumulation
of '""In-IgG at the osteomyelitis site (Fig. 6). Therefore,
the '"'In-IgG study could be started and completed in one
day. There would be no advantage in having the patient
return for delayed images when using '''In-IgG as there is
when imaging with '''In-leukocytes.

Our results disagree slightly with those of Oyen et al.
who noticed an approximately 20%-70% increase in up-
take ratios on late IgG images as compared to the early
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images (5). His article failed to indicate if the observed
increase was statistically significant. Two factors may ac-
count for these differences (5). First, Oyen studied hu-
mans, while our results are based on a canine model.
Second, our ratios are based on control regions of interest
in the ipsilateral limb, while his ratios are based on similar
regions of interest in the unaffected contralateral limb.

Indium-111-leukocytes have a significantly higher le-
sion-to-background ratio for late images than for early
images (Fig. 2). This is a real phenomenon that we have
demonstrated in human patients using !''In-granulocytes
labeled with !!'In-tropolonate and '''In-acetylacetone and
with '''In-mixed leukocytes labeled with '''In-tropolonate
(9,13). Figure 6 shows that additional accumulation of
'""In-leukocytes in the osteomyelitis site between the early
and late images is responsible for most of this improve-
ment.

If the improved lesion-to-background ratios were caused
by a decrease in the background, then the sham-surgery
site should show similar improvement. Figure 3 reveals
some improvement in the lesion-to-background ratio for
"""In-leukocytes at the sham-surgery site, but not enough
to be statistically significant (p = 0.16). Thus, the mecha-
nism for the improved visualization of the lesion with
delayed imaging using '''In-leukocytes appears to arise
primarily through continued accumulation of the labeled
leukocytes at the osteomyelitis site.

Week 1 had the greatest percent absolute uptake (Fig.
6) and the highest osteomyelitis-to-background ratio (Fig.
2) for both '''In-leukocytes and '''In-IgG. As documented
by Fitzgerald, the neutrophilic response lasts about 2 wk
and approximates the subacute osteomyelitis seen with an
infected prosthesis (8). By 12 wk, the response is almost
totally by lymphocytes and the model approximates
chronic osteomyelitis (8). In the more acute form of
osteomyelitis, there appears to be greater inflow of the
labeled cells and presumedly IgG, than in the more quies-
cent chronic form.

The sham-surgery site also accumulates the radiophar-
maceutical (Fig. 7) and can be readily visualized (Fig. 3).
This sham-surgery site may approximate the uptake seen
in healing fractures, as documented by Van Nostrand
et al. and Kim et al. (/4,15). In Figure 4 there were
significantly higher lesion-to-background ratios in the os-
teomyelitis site than the sham-surgery site using '''In-
leukocytes. However, there was no statistical difference in
the sham-surgery site and the osteomyelitis site using '!'In-
IgG (Fig. 5). Therefore, it may be more difficult to separate
healing fractures from osteomyelitis using '''In-IgG, than
when using '''In-leukocytes. Oyen studied four patients
with fractures using '''In-IgG and two had false-positive
results (5).

Week 1 had the highest sham-to-background ratios (Fig.
3) and the highest %ID of both agents (Fig. 7). Following
fracture, the greatest inflammation and healing would
begin early, with a gradual diminution with the passage of
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time. One would expect the highest inflow of '''In-IgG
and '"'In-leukocytes during the first week and less during
later weeks. This may have been present in the clinical
work of Van Nostrand et al., where the bulk of the false-
positives using '''In-leukocytes occurred relatively soon
after the fracture (/4). Similarly, of the four patients with
fractures studied by Oyen, both patients with recent frac-
tures (10 days and 3 wk) had false-positive '''In-IgG stud-
ies, while both older fractures (26 mo) showed no increased
'""In-IgG accumulation (5).

In conclusion, '''In-leukocytes have two advantages
over '"'In-IgG. First, the higher lesion-to-background ratio
seen on the delayed images (Fig. 2) could allow increased
sensitivity. This, however, may not be the case if the lesion
can be well-visualized on the early images. Using '''In-
granulocytes prepared with acetylacetone in saline, we
found the late images more sensitive than the early images
(p = 0.01) (/1). However, when using '''In-granulocytes
prepared with tropolonate in plasma, no statistical differ-
ence could be found between the early and late images
(11). Oyen et al. had good sensitivity and specificity using
'"""In-IgG in 35 patients with bone and joint infections (5).
Thus, the lower lesion-to-background ratios with '!'In-IgG
may not be a significant problem. Second, '''In-leukocytes
should be superior to '''In-IgG in diagnosing osteomyelitis
in the presence of recent surgery or fractures.

On the other hand, '''In-IgG has two advantages when
compared with '''In-leukocytes. First, the study can be
completed within one day, which may lead to more rapid
patient treatment. Second, IgG is available as a kit that is
easy to prepare in comparison with the separation and
labeling of '''In-leukocytes.
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