The Scintigraphic Diagnosis of Stress Fractures in the Lower Extremity
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Stress fractures are usually found in athletes and military populations. They occur more commonly in
the lower extremity. The most commonly involved bone is the tibia, and is frequently associated with running
activities. Diagnosis is often difficult, and may be missed due to the limited sensitivity of plain radiographs.
Magnetic resonance imaging (MRI) is the gold standard for the diagnosis of stress fractures. Three-phase
radionuclide bone scintigraphy is another imaging modality: it is highly sensitive, simple and safe. Thus, it can

be used solely, or complementary to MRI.
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Stress fractures are classified into two
types. A fatigue fracture occurs in a normal bone
when the bone is overused, while an insufficiency
fracture occurs when a normal stress is applied to
structurally abnormal bone, such as osteoporotic
bone®. In general, the term “stress fracture” is
more commonly used to mean a fatigue fracture
resulting from repetitive, excessive stress to the
bone, and is most frequently found in military and
athletic populations. This often occurs within 6 to 8
weeks of a rapid increase in physical activity,
leaving insufficient time for bone remodeling and
adaptation to the stress. The pathogenesis of bony
stress injury is multifactorial ®.

It was estimated that stress fractures
account for 0.7% to 20% of all running injuries®.
Females are more susceptible than males to the
development of stress injuries to bones, especially
in the military population®?.

Approximately 75% of stress fractures
occur before the age of 40 years®. The trend of
these fractures has been increasing among young
adults, because of increased participation in
sporting activities®. One study found that 9% of
fractures occurred in children younger than 15
years, and 32% occurred in those between 16-19
years of age™?.

Most stress fractures, both in athletic and
military groups, occur in the lower extremity @2,
with running injury playing the most important
role. Running more than 20 miles a week carries a
high risk of developing lower-extremity injuries®.
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The most common site of stress fractures
in most reports is the tibia, which may be as high as
72%1) Other common locations of stress
fractures are fibula, femur, metatarsal, and tarsal
bones®?.

The diagnosis of stress fractures depends
primarily on a high index of suspicion. It may be
problematic because several ~musculoskeletal
disorders can cause exercise-induced leg pain.
Examples are soft tissue injuries, medial tibial
stress syndrome (MTSS) or shin splints, artery or
nerve entrapment, compartment syndrome, bone
tumors, and bone infection®®*9),

The classic clinical feature of a stress
fracture is insidious onset of activity-related local
pain with weight bearing. The pain is relieved by
rest and becomes worse when the activity is
resumed. Local tenderness and swelling are often
found at the fracture site™. Nevertheless, stress
fractures should be considered in any patient who
presents with local pain after a recent increase in
activity, or repeated activity with limited rest™ 29,

Since early detection is essential to
prevent progression of lesions and to avoid further
complications, a definitive diagnosis should be
made. However, clinical diagnosis may be
inconclusive and thus require one or more imaging
tests to confirm a stress fracture. Each modality has
different advantages and disadvantages. (see Table
1 below).

Plain radiography is usually the first
imaging modality obtained because of its wide
availability and low cost “* The plain radiograph is
often negative initially, but  frequently becomes
positive over time®; thus it has a very low
sensitivity for stress fractures, varying from 10% to
3095162 However, follow-up radiographic
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Table 1 Advantages and disadvantages of imaging modalities for stress fractures (modified from Patel et al."®)

Imaging Advantages

Disadvantages

- Lowest cost

Plain radiography - Widely available

- Higher cost

Bone scinitigraphy - High sensitivity

- Best differential details

- No radiation exposure
Magnetic resonance

imaging (MRI) - Highest specificity

- Equal or slightly better

- Highest differential details

- Poor initial sensitivity

- Some radiation exposure

- Limited differential details

- Limited availability

- Limited differential details

- Some radiation exposure

- Can be falsely positive in bony
infection or tumor

- Highest cost

- Limited availability

- Sometimes may be falsely positive
in bony infection or tumor

sensitivity than scintigraphy

- No radiation exposure
- Low cost
- Widely available

Ultrasonography

- Little differential details
- Limited data on use in diagnosing
stress fractures

examinations have a higher rate of detection,
ranging between 40% to 54%%%??. Radiographic
signs may include decreased cortical density, so
called “gray cortex” sign, periosteal reaction,
endosteal thickening, and a cortical fracture
line®*23),

If the initial radiograph is negative, more
advanced imaging modalities such as three-phase
bone scintigraphy or magnetic resonance imaging
(MRI) may be helpful for further evaluation. Both
modalities have similarly high sensitivity for
detection of stress fractures, but MRI has greater
specificity™®. Radionuclide bone imaging had
traditionally been the standard tool to confirm
stress fractures in most studies prior to the
development of MRI, because of its high
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sensitivity®™2?*?®. However, nowadays, MRI is

currently considered the method of choice for this
purpose because of its high image resolution of
bone, bone marrow, and surrounding soft tissue.
This results in better anatomical evaluation and
higher specificity when compared to bone
scintigraphy@’2?,

While MRI costs about 10,000 Baht per
examination, whole-body bone scintigraphy costs
only 2,900 to 4,000 Baht. Since MRI is quite
costly (more than twice that of radionuclide bone
scanning) and usually has a much longer waiting
time (especially in most tertiary public medical
centers), prompt diagnosis using this modality is
quite difficult. As a result, bone scintigraphy
becomes a good, alternative choice.
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Fig. 1 Three-phase bone scintigram of grade 111 stress fracture of the left tibia revealed mild hyperemia to the
left leg (A), focal increased uptake at medial aspect of left leg in the anterior view of blood-pool phase (B) and
also in the delayed 3-hour phase (C). Lateral delayed static image of the leg demonstrated fusiform-shaped
increased uptake in the cortico-medullary region at posteromedial aspect at mid shaft of left tibia (D).

Bone scintigraphy is very sensitive, and
may be positive as early as 48-72 hours after onset
of injury®. Three-phase or triple-phase bone
scanning is highly recommended for complete
evaluation of skeletal lesions, especially in the
extremities. This study is typically performed by
intravenous injection of 20 millicuries of the
radiopharmaceutical technetium-99m methylene
diphosphonate (Tc-99m MDP) for adult patients, or
200 microcuries/Kg for children. While the
radiotracer is administered, the dynamic imaging of
the specific region is acquired in the first 1-2
minutes as a vascular or angiographic phase. Then

Table 2 Zwas’s classification of stress fractures of long bones

static soft tissue or blood-pool images are obtained
within the next 5 minutes. Delayed 3-4 hour
imaging of a particular region or the whole body is
used for skeletal evaluation.

In acute stress fractures, all three phases of
the bone scan are positive (Figure 1). Zwas et al.®®
developed an important scintigraphic classification
of stress fractures, which was divided into four
grades according to lesion dimension, bone
extension, and tracer accumulation in the lesions
(Table 2). A higher grade of bone scan pattern
suggests increased severity of the stress fracture.

(16)

Grading of stress fractures

Bone scan findings

Small, ill-defined lesion with mildly increased activity in the cortical

Larger than grade I, well-defined, elongated lesion with moderately

increased activity in the cortical region.

Grade | :
region.
Grade Il
Grade 111 .
medullary region.
Grade IV

Wide fusiform lesion with highly increased activity in the cortico-

Wide extensive lesion with intensely increased activity in the
transcortico-medullary region.

Triple-phase bone scintigraphy is also
helpful in the differentiation between soft tissue
and bony lesions. In soft tissue inflammation-
infection, only the first two phases are abnormal,
while in MTSS, only the delayed third phase will
be positive with a specific scintigraphic pattern
different from the findings of stress fracture. The
increased uptake in stress fractures tends to be
more focal (with fusiform shape in advanced

stages) than that seen in MTSS, which tends to be
Iongitudinally-oriented along the posterior cortex
of the tibia®".

Arendt et al.?® had also compared the
MRI findings with the scintigraphic grading for
tibial stress fractures as described by Zwas et al.®®
which could be also used to guide for the treatment
duration as shown in Table 3.
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Table 3 Radiologic grading of stress fractures (modified from Arendt et al.®®)

Bone Scan MRI
Poorly defined area of

Grade Plain Radiograph Treatment

Grade | Normal . . o Positive STIR image 3 weeks rest
mildly increased activity
Well deflr)ed area of Positive STIR
Grade Il Normal moderately increased . 3-6 weeks rest
o and T2W images
activity
Discrete line; Sharply ma_lrglnatfad Positive T1W and T2W
. . area of fusiform increased . . _ 12-16 weeks
Grade I1l  discrete periosteal activit images without definite rest
reaction y cortical break
Grade IV Fracture or More intense transcortical ~ Positive TIW and T2W 16" weeks rest

periosteal reaction  Localized uptake
STIR : Short Tau Inversion Recovery
T1W : T1-weighted
T2W : T2-weighted

Images with fracture line

Apart from planar bone imaging, SPECT
(single photon emission tomography) acquisition is
a 3-dimentional imaging technique providing better
delineation of the bony lesions. When SPECT and
computed tomography (CT) imaging are combined
in the same instrument, so called SPECT/CT
scanning, the study even adds more anatomical

details over the SPECT images alone. Up to date,
SPECT and SPECT/CT studies have been used in
the field of Sports Medicine to evaluate several
parts of the body, such as the spine, hips, knees,
and feet®). SPECT/CT images of tibial stress
fractures with bone remodeling are very well
demonstrated in Figure 2.
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Fig. 2 Sequential SPECT/CT images in transverse, sagittal, and coronal planes of the previously diagnosed left
tibial stress fracture revealed increased uptake along the posteromedial aspect of left tibia corresponding to
sclerotic bone lesion demonstrated on CT images as a result of bone remodeling.
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Although MRI is considered as an
imaging of choice for evaluation of stress fractures,
the common findings of periosteal or bone marrow
edema are not specific and may resemble
osteomyelitis or neoplastic process. Combined
relevant clinical correlation will improve the
accuracy of diagnostic interpretation.

Conclusion

Although MRI is currently accepted as the
gold standard for evaluation of stress injuries of the
bone, some limitations and pitfalls remain. Three-
phase bone scintigraphy can provide prompt and
sensitive diagnosis of stress fractures. Additional
SPECT/CT imaging will enhance the diagnostic
accuracy of planar bone scanning. In summary,
radionuclide bone scanning can be used alone for
the diagnosis of stress fractures, or used as an
adjunct when the MRI findings are inconclusive,
especially in cases presenting with a high clinical
suspicion of stress fractures.
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