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Methods: Combined bone scanning and immunoscintigraphy (IS)
with ™ Tc-monoclonal antigranulocyte antibodies were performed
in two patients with suspected reactivation of chronic osteomyelitis
of the lower extremity. Because bone scanning and IS were strongly
positive, both patients underwent surgical intervention. Results:
Macroscopic findings did not show purulent infection and microbi-
ologic results remained negative, but histology revealed unexpected
ectopic bone marrow, explaining the strong uptake on IS. One
patient exhibited active hematopoietic bone marrow at the former
fracture site of the tibial bone. The second patient presented with
interspersed bone marrow in the cortical bone of the femoral
diaphysis after several intramedullary surgical procedures.
Conclusion: Unexpected ectopic hematopoietic marrow may occur
in the appendicular skeleton after trauma and repeated surgical
interventions. The bone marrow shows a physiologic uptake with IS
and may be misinterpreted as granulocyte accumulation due to
infection. This may lead to false-positive diagnosis in cases of
suspected osteomyelitis.
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’I;le diagnosis of chronic post-traumatic osteomyelitis (OM)
represents a particular challenge for radiology and nuclear
medicine. Bone necrosis with pathologic fracture, lung embo-
lism and sepsis are some of its complications, and the disease
frequently leads to disability and reduced life quality in a young
patient group. Nuclear medicine has proven to be very useful in
the investigation of chronic bone infection. Bone scanning has
a high sensitivity and should be followed by a more sg)er:iﬁc
method. In recent years, immunoscintigraphy (IS) with "™ Tc-
labeled monoclonal antigranulocyte antibodies (MAbs) has
been accepted as an accurate method for the detection of
infected foci in the appendicular skeleton (/-6). Problems in
the diagnosis of infection appear in areas with hematopoieti-
cally active bone marrow such as the spine, pelvis, ribs,
sternum, skull and the proximal femora and humeri because
precursor cells of the granulopoietic system, such as promyelo-
cytes, express the same specific surface antigen and also take up
the ™Tc-MAD label. A physiologic uptake in the bone marrow
occurs and infection causes nonspecific photopenic zones due
to bone marrow destruction.

We describe two cases of suspected post-traumatic OM of the
lower extremities, in whom unexpected hematopoietic active
bone marrow showed a physiologic uptake and was misinter-
preted as granulocyte accumulation due to activated infection.
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MATERIALS AND METHODS
Radiopharmaceuticals

The antigranulocyte antibody used for IS was a murine mono-
clonal antibody (BW250/183), supplied by Behringwerke AG
(Zurich, Switzerland). The antibody is an immunoglobulin of the
IgG isotype and binds to the epitope NCA 95 on the surface of
human granulocytes. The antibody was reduced with stannous(II)
chloride solution and labeled with ®™Tc. After an incubation
period of 10 min, 555 MBq of the antibody solution (equivalent to
0.5 mg of the antibody) were intravenously injected into the
patient. Serum was obtained before and 3 wk after injection to
determine titer of human antimouse antibodies (HAMAs). None of
the patients developed HAMAs, and no side effects or adverse
reactions were observed.

For the *™Tc-diphosphonate bone scan, 3,3-diphosphono-1,2-
propanedicarboxyl acid tetrasodium salt (Hoechst, Switzerland)
was used. It was labeled with an average of 740 MBq **™Tec.

Imaging Modalities

Both patients first underwent a quantitative three-phase bone
scan followed by IS, with an interval of 2 days to 1 wk. After
injection of %*™Tc-3,3-diphosphono-1,2-propanedicarboxyl acid
tetrasodium salt, 20 5-sec images were immediately registered, and
another 60-sec image was taken at 5 min. Five hundred-kilocount
planar spot images were obtained 3 hr after injection and stored on
computer using a 256 X 256 matrix.

Immunoscintigraphy was performed 17 hr postinjection. Planar
spot images of the suspected area in at least two projections were
obtained. Five hundred-kilocount images with a 256 X 256 matrix
were recorded. Additionally, whole-body images were obtained.

Imaging was performed with a Siemens DIACAM gamma
camera equipped with a low-energy, high-resolution collimator
connected to a dedicated computer system (Icon; Siemens, Zurich,
Switzerland).

Patients

Case 1. A 27-yr-old woman suffered from an 10-yr history of
chronic and recurrent OM of the tibia. The initial spiral fracture
of the tibial diaphysis was treated by plate osteosynthesis.
Infected pseudarthrosis occurred and was treated by debride-
ment, local antibiotics and external fixation. One year later, a
sequestrum was removed, and the further clinical course was
favorable. However, over the next 2 yr, minor pain increased
and led to another investigation. Laboratory findings [erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP) and
white blood cell (WBC) count] were normal. Plain x-irradiation
showed sclerosis and thickening of cortical bone at the former
fracture site without progression. In the MRI, the fatty marrow
at the suspected site was replaced (low signal intensity on
T1-weighted images), but neither edema nor gadolinium en-
hancement was shown. A late bone scan (3 hr after injection)
demonstrated increased bone metabolism, and subsequent IS
showed a strong accumulation of *™Tc-MAb (Fig. 1A-C). On
the basis of the scintigraphic results, reactivation of OM was
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diagnosed, and surgical intervention was performed. Macro-
scopically, no evidence for purulent infection was found, and
tissue specimens were taken. Histology did not reveal clusters
of granulocytes, as expected, but showed large areas of hema-
topoietic bone marrow that had been located in the medullary
cavity (Fig. 1D). Microbiologic results remained negative.
Case 2. A 66-yr-old man suffered from a complex multifrag-
mentary fracture of the femoral diaphysis 34 yr ago, which was
treated by intramedullary nailing. During the next 30 yr, he had
five operations, with removal of sequestra due to recurrent OM.
Four years ago, treatment by intramedullary suction irrigation
drainage was performed. Seven months before admission, he
was treated by intramedullary reaming due to infection with
Staphylococcus aureus. The persisting complaints of the patient
led to further investigations. Laboratory results (ESR, CRP and
WBC count) were normal. Plain x-irradiation was followed by
a combined bone scan and IS. The bone metabolism of the
complete femoral diaphysis was increased. Immunoscintigra-
phy showed an accumulation of **"Tc-MAb in the mid-femoral
diaphysis. The accumulation was along the cortical and perios-
teal bone, had a parallel and linear distribution and spared the
medullary cavity (Fig. 2A—C). Fenestration of cortical bone at
the suspected site and intramedullary reaming were performed.
Macroscopically, no purulent infection was found. Histology
showed the cortical bone to be interspersed with hematopoietic
marrow, and no evidence for a granulocytic inflammation was
found (Fig. 2D). Intraoperative microbiology was negative.

RESULTS

Both patients had strongly positive bone scans and IS that
was misinterpreted as granulocyte accumulation due to acti-
vated OM and led to surgical intervention. Microbiologic
results were negative, and histology revealed ectopic hemato-
poietic active bone marrow explaining the strong uptake on IS.
Case 1 exhibited bone marrow at the former fracture site of
tibial bone, and Case 2 presented with interspersed bone
marrow in the cortical bone of the femoral diaphysis after
several intramedullary procedures. The findings are illustrated
and summarized in Figures 1 and 2.

DISCUSSION

Radiolabeled autologous white cells are still considered the
gold standard in nuclear imaging of infected sites. However, the
examination requires time-consuming ex vivo blood handling
techniques and special training and represents an infection risk
to both laboratory personnel and patients. Technetium-99m-
MAD binding granulocytes show a quite similar in vivo distri-
bution to that of radiolabeled granulocytes and allow the
detection of granulocyte accumulation in the appendicular
skeleton. The advantage of *™Tc-labeled MADb is the simplicity
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¥ FIGURE 1. False-positive IS finding due
to ectopic hematopoietic bone marow in
27-yr-old woman with 10-yr history of
recurrent OM. (A) Radiograph (antero-
posterior, lateral view) of tibia shows scle-
“Ss rosis and thickening of cortical bone at
% former fracture site. (B) Late bone scan
(lateral view) reveals increased bone me-
tabolism. (C) Strong accumulation of
%™Tc-MAD is demonstrated on IS. (D)
Histology of medullary cavity reveals he-

sy -
,,_‘,e:% 3% matopoietjcbommanow.Nosignsof
+ inflammation.

of the labeling process of technetium with the antibodies and
the in vivo labeling of granulocytes. The antibodies are directed
against the myeloid-specific surface antigene NCA-95, ex-
pressed by granulocytes. However, there are several situations
that may lead to false diagnosis. Technical problems, such as
incomplete labeling of the MAb with ®™Tc; altered biodistri-
bution in follow-up studies due to the induction of HAMAs
(2,7); and nonpurulent diseases, such as fractures, osteosar-
coma, eosinophilic granuloma and Paget’s disease (3,8) may
rarely cause diagnostic errors.

Here, we describe two cases with unexpected distributed
hematopoietic bone marrow in the appendicular skeleton, which
led to a false-positive diagnosis in the investigation of chronic
posttraumatic OM. The strongly positive IS in both cases is
explained by the labeling of the promyelocytes with **™Tc-
MADb, which express the identical specific surface antigene
NCA-95, as do granulocytes. The functioning marrow is nor-
mally confined to the vertebrae, pelvis, ribs, sternum scapulae,
skull and proximal portions of the humeri and femora in adults,
but there is considerable individual variation. Occasionally,
microscopic red marrow can extend to the tubular bones of the
appendicular skeleton in some adults (9). The sites of former
fetal hematopoiesis, such as the distal femurs and the tibial
bones, may be reactivated by underlying diseases characterized
by production of one or more types of blood cells and stress
disorders, such as chronic anemia, acquired heart diseases with
chronic heart failure, tumors, burns and trauma (9-11).

Ectopic myelopoiesis has been observed in several circum-
stances combined with osteogenesis. Animal studies revealed
myelopoiesis in ectopic bone formation after lesions to the
central nervous system, and similar phenomena were postulated
for paraosteoarthropathies within the scope of severe trauma,
burns and spinal cord injuries (/2). Repeated femoral curettages
in mice experiments demonstrated the capacity of stromal
precursor cells for formation of hematopoietic microenviron-
ment in bone (/3). Analysis of mesenchymal stem cell potential
provided evidence of the relationship of osteogenesis to angio-
genesis and myelopoiesis (/4). Implantation of an orthopedic
joint prosthesis was found to be a cause for alterations in the
distribution of otherwise normal bone marrow (/5). Active
myelopoiesis and myeloid precursors were detected in the bone
marrow adjacent to rheumatoid arthritis joints (/6).

This clinical series reports the appearance of ectopic bone
marrow in suspected chronic OM after trauma and the subse-
quent misinterpretation of combined bone scan and IS. The
differences in the distribution of the hematopoietic marrow in
the two presented cases and the patients’ histories let us
postulate two different hypothesis for the genesis of this
phenomenon. In Case 1, the hematopoietic marrow was located
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FIGURE 2. False-positive finding in 66-yr-old man with fracture of femoral diaphysis that occurred 34 yr ago. Patient had a history of recurrent chronic OM
and repeated surgery, with last intervention being 7 mo ago (intramedullary reaming). (A) Radiograph (anteroposterior, lateral view) of femoral diaphysis shows
post-traumatic changes with laminated appearance of cortical bone and periosteal bone formation. (B) Late bone scan (anterior) reveals increased bone
metabolism of complete femoral diaphysis. (C) Immunoscintigraphy (anterior) demonstrates accumulation of ®*™Tc-MAb in mid-femoral diaphysis along
periosteal and cortical bone with sparing of medullary cavity (arrowheads). (D) Histologic overview (left) shows subperiosteal cortical bone with laminated
appearance and interspersed hematopoietic and fatty marrow (arrow). Arrowheads, periosteum. Magnification view (right) demonstrates all three cell lines of

in the medullary cavity of the tibia and limited to the former
fracture site. Bone metabolism was increased on bone scan.
Several factors are known to influence the survival, prolifera-
tion and functional activation of myeloid hematopoietic cells:
macrophage colony-stimulating factor (CSF), granulocyte CSF,
granulocyte-macrophage CSF and interleukin 3 (/7). Other
cytokines, including interleukins 1, 5, 6 and 11 are also
considered to have an effect on these processes (/8). Bone
morphogenetic protein was observed to stimulate neogenesis of
hematopoietical bone marrow in ectopic bone (/9). Some of
these mediators might be released due to a chronic inflamma-
tory stimulus and induced osteogenesis and myelopoiesis in the
stromal cells of the peripheral skeleton. The second patient
presented with interspersed bone marrow in the cortical bone
that was arranged in layers between the architecture of the
remodeled cortical bone. He had a history of several surgical
manipulations in the medullary cavity of the femur. This raises
the possibility that active bone marrow had been displaced from
the proximal femur to the diaphyseal location during the various
intramedullary surgical procedures. The bone marrow was
integrated into the cortical bone in the course of endosteal
remodeling and explained the intracortical uptake on IS.

One potential implication of our findings is that abnormal
peripheral skeleton studies with IS might need to be confirmed
as true-positive results by bone marrow imaging with *™Tc-
sulfur colloid (SC). Until now, colloid scintigraphy has not been
considered a complement to IS. The use of marrow imaging

with ®™Tc-SC was proposed as a complement to leukocyte
imaging to distinguish infected joint prosthesis from peripros-
thetic marrow distribution (8,20). Even if performing colloid
scintigraphy were necessary, IS would still be a more conve-
nient and safer diagnostic method than leukocyte imaging.
Therefore, further prospective studies that use complementary
bone marrow imaging in suspected chronic OM with positive IS
are being planned to investigate the frequency of unexpected
bone marrow appearance and its potential causes in patients
with suspected peripheral chronic OM.

CONCLUSION

Ectopic hematopoietic bone marrow may occur in the appen-
dicular skeleton after trauma. Immunoscintigraphy shows a
strong accumulation of *™Tc-MAb and may lead to a false-
positive diagnosis of active infection in cases of suspected OM.
Because of this pitfall, correlative bone marrow imaging with
99mTc-SC is recommended for cases with increased skeletal
uptake on IS.
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Patterns of Abnormality
Childhood Leukemia

on Bone Scans in Acute
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Bone scintigraphy is not performed routinely in the diagnostic
work-up of children with leukemia; however, the initial diagnosis of
childhood leukemia is often difficult to make and may be delayed.
Patients may present with fever and skeletal symptoms and, in such
cases, bone scintigraphy may be requested in the early search for a
diagnosis. Recognition of the potential scintigraphic abnormalities
that result from leukemic infiltration of bone and bone marrow will
often facilitate an early diagnosis of leukemia. Bone scans also play
arole in detecting osteomyelitis in the immunosuppressed leukemic
child with fever and bone pain. This article presents four patients
illustrating the salient features of bone scintigraphy in these clinical
settings.

Key Words: acute lymphoblastic leukemia; bone scintigraphy
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Leukemia is the most common childhood malignancy and
accounts for 30%—40% of all malignancies. Acute lymphoblas-
tic leukemia (ALL) is the most common form and accounts for
85% of cases. The first clinical indication of leukemia may be
musculoskeletal symptoms, and patients may be referred for
bone scintigraphy before the diagnosis has been made. Several
patterns of abnormality on bone scintigraphy may point toward
the diagnosis, and an understanding of the potential scinti-
graphic abnormalities is essential because the changes on bone
scans, although not specific, may be the first indication of the
possibility of the underlying leukemic process. Patients with a
known diagnosis of leukemia may undergo bone scintigraphy to
elucidate the cause of bone pain, and, in those with sepsis, a
bone scan may be performed to exclude osteomyelitis. This
article provides a description of four patients that illustrate the
spectrum of potential abnormalities found in leukemic patients
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at presentation and as complications of the disease process and
its medical management.

CASE REPORT

Patient 1

A 5-yr-old girl presented with a 2-day history of fever and right
leg pain. On examination, she was distressed and had a fever of
39.5°C. She was reluctant to move her right knee and had
tenderness over her upper right tibia. Hepatosplenomegaly was
noted. Bone scintigraphy was performed to exclude acute osteo-
myelitis. The scan showed diffuse hyperemia of the metaphyseal
regions of the distal femora and proximal tibiae bilaterally. The
delayed scan showed a diffuse increase in osteoblastic activity in
these areas with loss of the normal metaphyseal/epiphyseal differ-
entiation (Fig. 1A). Figure 1B shows the normal scan appearance
for this age for comparison. An infiltrative process, such as
leukemia or neuroblastoma, was considered the most likely diag-
nosis on the bone scan. Bone marrow examination was suggested.
The initial blood film was normal. The bone marrow aspirate and
trephine revealed ALL. Leukemic lymphoblasts appeared in her
blood film several days later. Chemotherapy was begun, and the
fevers and leg pain settled quickly. The patient remained well and
was in clinical remission 9 mo later.

Patient 2

A 3-yr-old boy presented with fever and a 2-day history of pain
in his left shoulder. On examination, he was febrile and had pain on
passive movement of his left shoulder. His skin was pale with
widespread petechiae and bruises. The blood film and bone marrow
examination confirmed the diagnosis of ALL, and chemotherapy
was initiated. Because of the focal nature of his shoulder pain, bone
scintigraphy was performed to exclude osteomyelitis. The blood-
pool phase showed a mild increase in blood flow to the proximal
left humerus and the metaphyseal regions surrounding the knees
bilaterally. The delayed scan (Fig. 2A) showed increased osteo-
blastic activity in the metaphyseal region of the proximal left
humerus and diffusely increased uptake in the metaphyses of the

BONE ScAN AND CHILDHOOD LEUKEMIA « Bernard et al. 1983





