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Extensive Photopenic Osteomyelitis
Patrice K. Rehm and Alan D. Aaron
Division of Nuclear Medicine, Departments of Radiology and Orthopedic Surgery, Georgetown University Hospital,
Washington, D.C.

We present a case of a previously healthy child whose osteomyelitis
and septic arthritis resulted in unusually extensive photopenia on
bone scintigraphy. Uptake was absent in the humeral shaft and
proximal epiphysis and decreased in the proximal physis. The
subsequent complicated clinical course, including surgical interven
tions, and bone scans is described.

Key Words: bone scintigraphy; photopenic osteomyelitis; septic
arthritis
J NucÃ­Med 1996; 37:1676-1678

CASE REPORT
The morning of hospitalization, a previously healthy 3-yr-old

girl presented to her pediatrician for pain in her left upper arm.
Evaluation revealed an afebrile child with mild tenderness in her
upper arm and multiple healing insect bites on her extremities. Her
white blood cell count was 8800 per mm3, with 46% polymorpho-

nuclear cells and 34% bands. The erythrocyte sedimentation rate
was 6 mm/hr. Radiographs of the left humÃ©ruswere normal. The
patient was begun on oral penicillin and ampicillin to treat
cellulitis.

Within 24 hr, the child became febrile to 105 degrees and
confused, requiring hospitalization and administration of intrave
nous nafcillin. Over the next 12 hr, the arm became increasingly
swollen and erythematous, with eventual extension to the anterior
shoulder and chest wall. Numerous petechia appeared on her trunk
and lower extremities. A 99mTc-HDP bone scan demonstrated

extensive photopenia of the left humÃ©rus(Fig. 1).
Based on a clinical diagnosis of septic arthritis of the shoulder

and osteomyelitis of the adjacent humeral metaphysis, the patient
was taken emergently to the operating room for exploration and

debridement. At surgery, purulent material was found within the
glenohumeral joint, with the humÃ©rusbeing free of obvious
infection. Intraoperative gram stain and cultures revealed S. aureus.

Intravenous nafcillin was continued, but on the fifth hospital
day, the patient remained febrile necessitating surgical re-explora
tion. Reaccumulation of purulent material was found in the
glenohumeral joint, with additional purulence within the proximal
humeral metaphysis, neither being under pressure. Two days after
the second surgery, radiographs revealed periostea! reaction (Fig. 2A),
while bone scintigraphy again demonstrated photopenia (Figs. 2B, C).

A third bone scan on Day 18 revealed increased activity
throughout most of the humÃ©rus(Figs. 2D, E). Pretreatment and
multiple subsequent blood cultures as well as cardiac echo were
normal. The child defervesced and was treated with intravenous
gentamicin and nafcillin for 6 wk.

At 9 wk, she presented with a pathological fracture of the
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FIGURE 1. (A)Blood-pool Â¡magedemonstrates relativephotopenia of the left
proximal epiphysis and humeral shaft, with a sleeve of increased activity
around the nonvisualized shaft. (B) Delayed image demonstrates absent
uptake in the entire humeral shaft and the proximal epiphysis and reduced
uptake in the proximal physis. The distal metaphysis, although not optimally
demonstrated, shows increased uptake.
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FIGURE 2. (A) Radiograph of the left humÃ©rusdemonstrates minimal
periosteal reaction (arrow). Postoperative bone defects and gas in the soft
tissues are present. (B) Anterior and (C) oblique delayed views demonstrate
absent uptake in the left humeral shaft except for a small focus in the
midshaft (arrowhead). Linear radiotracer (arrow) outside the expected hu
meral contour represents activity in elevated periosteum. There is improved
but persistently decreased uptake in the proximal physis. (D) Anterior and (E)
posterior delayed images demonstrate increased activity in the proximal
physis and epiphysis (arrow); radiotracer intensity obscures their distinction.
Distally increased activity extends beyond the expected cortex (arrowheads),
indicating exuberant periosteal reaction. A short segment of the diaphysis
remains photopenic. There is radiotracer retention in the central intravenous
line used for injection.

proximal humÃ©rus(Fig. 3A). The patient subsequently developed
an atrophie nonunion, necessitating surgical stabilization with an
intramedullary rod and a vascularized fibular autografi (Fig. 3B).

DISCUSSION
Acute hematogenous osteomyelitis is most often demon

strated on delayed bone scan images as increased radiotracer,
although normal (7) and photopenic or "cold" patterns (2,3)

have been described. The extent of the initial scintigraphic
findings prompted our review of the literature, which revealed
35 cases of photopenic osteomyelitis in children (without sickle
cell disease) involving long bones (3-18), the head of the femur
(12,19-21) or humÃ©rus(22), ilium (20,23), ischium (12,19-21),

talus (24) and patella (14). Segmental photopenia involving the
metaphysis has been reported most frequently, with or without
adjacent increased activity. Large photopenic regions have been
described less commonly (8,20,21). Typically, the initial pho
topenic area shows increased activity on subsequent scans
(3,25).

As in this case, S. aureus, the most common cause of
osteomyelitis in children outside the neonatal period, was
identified in nearly all those reporting bacteria.

Based on the pathophysiology of acute osteomyelitis in
children (26), the initial infection starts in a juxta-metaphyseal
vascular loop, where ramifications of the nutrient artery turn
sharply at the growth plate which is not penetrated between 1 yr
of age and puberty. The combination of vascular anatomy,
sluggish blood flow in sinusoidal veins and absence of func
tionally active phagocytes predisposes the metaphysis to infec-

FIGURE 3. (A) There is diffuse osteolysis of the hu-
merus and fragmentation of the proximal epiphysis
and metaphysis. An involucrum and two pathological
fractures (arrows) are present. (B) Postoperative scan
demonstrates an intramedullary rod and bone graft,
including a fibular autografi (arrows).

tion. Initial hyperemia and edema result in a rise in marrow
cavity pressure. The microvasculature may become occluded
through compression, thrombosis or both. The resulting de
creased delivery of blood and tracer to the area may result in a
normal or photopenic appearance. The infrequent demonstra
tion of photopenia suggests that the scan has been obtained after
the early phase of infection (27).

Subperiosteal or intraosseus pus, as was present at the second
surgery, can lead to additional intraosseous pressure. The
nutrient artery may be secondarily thrombosed or compromised
as the infection spreads throughout the cortex, often leading to
subperiosteal abscess formation. The infection may also cause
septic thrombophlebitis of diaphyseal or medullary vessels (26).
There are case reports documenting vascular occlusion (3) and
others documenting patency of the large vessels (27). Areas of
decreased uptake on delayed images have been attributed to
areas of ischemie or devitalized bone (10,12). The increased
activity on follow-up, as demonstrated in this case, has been
attributed to osteoblastic activity in the periosteum, which
remains vascularized (3), medullary decompression or ingrowth
of new vessels from the elevated periosteum (25). "Stripes" of

increased activity characteristic of revascularization from the
periosteum can be present (72) (Figs. 2B, C).

In our patient, the osteomyelitis most likely originated in the
proximal humeral metaphysis, which is intracapsular, and
spread through a break in the cortex to involve the joint. This
correlates with the scan abnormality being primarily humeral
rather than articular. We postulate that the first scan, obtained
within 24 hr of symptom onset, reflected the early phase.
Persistent photopenia on the second scan likely reflected a
combination of the pressure effects of intraosseous pus and
ischemie or devitalized bone.

Decreased uptake in the proximal humeral epiphysis and
physis can be explained by a variety of mechanisms. The
intracapsular location of the proximal metaphysis of the hu-
merus, like the femur, makes it particularly susceptible to
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reductions in blood flow and tracer uptake secondary to either
sterile or purulent intracapsular fluid (12). Blood flow and
tracer uptake can be restored by reduction in the intracapsular
pressure through aspiration or drainage (28,29). However,
metaphyseal infection alone in the absence of joint effusion can
compromise the blood flow to the head as edema and swelling
of the overlying synovia compress the thin vessels that supply
the head. While not present in this child, a subperiosteal abscess
bulging into the joint can stretch and compress the epiphyseal
arteries and veins within the synovia. Compromise of epiphy
seal blood flow by any of these mechanisms may necessitate
surgical drainage of the proximal humÃ©rusin addition to the
glenohumeral joint (22).

Because no large series exists, inferences and conclusions
regarding photopenic osteomyelitis must be based on case
reports and selected series. Previous authors have noted an
association between photopenia and subperiosteal (6) or in-
traosseous pus (21), thereby promoting the need for surgical
drainage to decrease morbidity (8). Our review found this
association in 25/35 reported cases. Computed tomography or
MRI has been suggested to identify coexisting abscess in
patients with photopenic osteomyelitis (6). Further evaluation
of these modalities regarding patient outcome is warranted.
However, in other reports where pus was absent, photopenia
was presumed to be due to other pathophysiologic mechanisms.

Some authors have suggested that photopenia indicates a
poor prognosis (8). As in this child, prolonged or complicated
courses were noted in 10/35 reported cases in spite of aggres
sive management. The impairment of diaphyseal blood flow
previously invoked to explain the massive sequestra seen before
effective antibiotics (30) and decreased delivery of antibiotics
may contribute to an increased risk for sequestrum formation
and increased morbidity (13).

It is important not only to recognize photopenia as a mani
festation of osteomyelitis but to alert the clinicians to vascular
compromise and the frequent coexistence of intraosseous or
subperiosteal abscesses. In this child, the initial bone scan, in
addition to demonstrating the magnitude of the infection,
documented that vascular compromise preceded and was not
related to the subsequent surgical intervention. Persistent pho
topenia on the second scan, in conjunction with the lack of
clinical improvement, contributed to the second surgical inter
vention which included the drainage of an intraosseous abscess.
Therefore, appreciation of these factors may signal the need for
more aggressive surgical management to decrease morbidity
(*.//).
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