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Abstract Benign bone diseases present an ongoing

challenge for pediatricians. Most of them are not life

threatening, but may be associated with significant mor-

bidity. Benign space occupying lesions are a source of pain

and/or pathological fractures. Their symptoms may raise

concern for malignancy and require a complex diagnostic

workup. Late or inadequate treatment of bone infections

may result in bone and joint destruction and lifelong

functional impairment especially in young children. Bone

damage due to altered blood supply or due to minor trauma

can be difficult to identify. MRI is a cornerstone in modern

assessment of pediatric bone disease, but bone scintigraphy

remains a useful tool in this clinical field. Unlike MRI,

bone scans are widely available, provide whole body rather

than focused exploration, are less affected by metallic

implants or devices and combined with CT in hybrid

SPECT/CT systems, allow visualization of bone morphol-

ogy and metabolism in a single imaging session. The

clinical indication and imaging technique of skeletal

SPECT/CT in children are still evolving although the

benefit of this technique in evaluation of children with bone

pain and/or serendipitously found bone lesions seems

ascertained. Improvements in gamma camera technology

allow the obtaining of high quality images with either

shorter acquisition times and /or reduced radiopharma-

ceutical administered activities. Sedation is required much

less for bone scans than for MRI.
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Introduction

Benign bone diseases are relatively common in children.

They can present as acute illnesses (e.g. acute osteomyelitis,

bone infarction), localized pain with sometimes rapidly

progressive symptoms (e.g. avascular necrosis, osteochon-

dritis, osteoid osteoma), stable, or slowly growing, congen-

ital asymptomatic bone disorders, benign space occupying

lesions and as fractures due to trauma, pathological condi-

tions with reduced bone density or due to stress injuries

secondary to physical activities. Pain is the presenting

symptom in the great majority of cases. Pain can be localized

or ill defined. Its intensity can vary and may be associated

with physical activities or the time of day or night. It may or

may not respond to non-steroidal anti-inflammatory drugs as

well. It is often difficult to localize the site and source of the

pain in young non-verbal or non-cooperative children. Fur-

thermore, propagation of the pain stimulus and the phe-

nomenon of referred pain limit even more the ability to

adequately localize the painful site. In these clinical settings

the value of bone scintigraphy (BS) with its high sensitivity,

high negative predictive value and fast whole body explo-

ration remains valuable. Improvements in gamma camera

technology in regard to sensitivity and resolution as well as

optimization of the recommended pediatric administered

doses according to the EANM/SNMMI reference tables [1]

reduce the radiation dose to the patient to less than 3 mSv.
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Compared to MRI, a cornerstone of morphologic evaluation

of musculoskeletal diseases in children, BS less frequently

requires sedation or anesthesia, are not affected by the

presence of metallic implants and can be performed safely in

children with impaired renal function.

The emergence of hybrid SPECT/CT systems within

the last decade, meant a big leap forward for the clinical

impact of BS. The fusion of images showing bone anat-

omy and bone metabolism simultaneously acquired offers

new opportunities for ‘‘one-stop’’ lesion characterization

and new challenges in performing high quality scans

without significantly raising the radiation exposure [2].

This technique allows precise spatial localization of the

scintigraphic findings [3, 4]. This fact, coupled with the

high intrinsic spatial resolution of the tomographic slices,

makes it possible to appreciate not only if a lesion is

hypermetabolic but also which part of the lesion is

hypermetabolic, resulting in an outstanding improvement

in assessing the relationship between metabolic and

anatomical abnormalities.

The availability of 18F, as a PET bone-seeking agent

requires a careful analysis about the advantages it can offer

in respect to conventional gamma emitting radiopharma-

ceuticals. The superior resolution of the PET/CT system

and the shorter study duration (final images are obtained in

a maximum time of 90 min) are definite advantages [5–7],

whilst the need for a whole-body CT and the more likely

need for deep sedation appear as drawbacks in the benign

disease clinical setting. In addition, in this era of enhanced

requirements for maintenance of certification, physicians

continuing education will be stressed as they should learn

to read images with features different from those tradi-

tionally obtained with diphosphonates, due to the different

pharmacokinetics of the radiopharmaceuticals [8].

Fig. 1 Non-traumatic knee pain in a 12-year-old boy. a 3-phase

(angiogram, top left, blood pool, bottom left) plus wholebody (right)

bone scan shows a clear abnormality at the right tibia, close to the

metaphyseal plate (arrows). Such a finding requires an MRI

evaluation, so no SPET/CT was performed to avoid a potential

increase of gonadal irradiation. MRI (b T2 weighted images)

confirmed an osteomyelitis
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Technique

A planar whole body scan should always be acquired,

irrespective to the localization of symptoms. In smaller

children, multiple static images with a large overlap are

recommended, to avoid longer immobilization time. In

children, the bone uptake and the consequent blood clear-

ance are faster, allowing to obtain high quality images at

earlier times post injection than in adults (120–150 min

post-injection in adolescents and 90 min post injection in

young infants). The three-phase bone scan technique is

recommended, for increasing information on soft tissue

pathologies with no added irradiation. Blood pool images

encompassing the whole body as well are recommended

[9]. For a child less than 6 years of age, a two-phase

acquisition, 5 and 90 min post injection may be more

practical than a three-phase acquisition, because in many

general nuclear medicine departments, the pediatric injec-

tions are done in a dedicated room. Furthermore, the blood

flow dynamic images only seldom provide information that

is not present in the early tissue phase (blood pool) images.

Parents must encourage the children to drink and to void

frequently, for reducing radiation burden prior to injection

and between the phases of the study.

SPECT/CT

The advent of hybrid systems fulfilled the dream of nuclear

medicine to be able to precisely allocate radiopharmaceu-

tical distribution to an anatomical detailed map. Of course,

when dealing with bone diseases, the CT component of the

image carries independent, very valuable information, not

hampered at all by the lack of contrast media administra-

tion. Hybrid systems are equipped with CT systems with

slices varying from 2 to 64. This can influence the quality

of volumetric reconstruction. Some artifacts are unavoid-

able when reconstructing thin, 2 mm slices acquired with

1–16 slice CT systems, and the quality of a dedicated bone

CT scan is not attainable. Nevertheless, we must obtain the

Fig. 2 Male, 17 years old, with progressively worsening hip pain.

Plain X-ray film (1a, AP view, 1b extrarotated view) was reported as

normal. Also the CT (2) performed during hybrid nuclear scan

showed no major abnormalities. SPET/CT scan (3) showed an

increased uptake involving the whole femoral head and the proximal

portion of the diaphysis (arrows). MRI subsequently showed a space-

occupying lesion into the trabecular bone later diagnosed as a

Ewing’s sarcoma
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best quality possible images and maximize clinical

throughput. More recently, iterative reconstruction princi-

ples and further resolution recovery software programs are

available to further enhance these low dose images from

the hybrid systems. In the presence of metallic implants,

non-attenuation corrected images must be obtained, to

avoid artifacts due to non-homogeneous correction. The

increased radiation burden from the CT should be handled

with caution especially in children. The tube setting

parameters must carefully be optimized to minimize this

increase, according to the ALARA principle, taking into

account the natural high contrast of bone tissue and

reducing the scan field according to the abnormalities of

uptake observed in the reference scintigraphic image [10].

In certain circumstances, it is wiser not to perform SPECT/

CT when the clinical context strongly suggest the need for

an MRI (Fig. 1). When sedation is necessary, this must be

performed according to the institutional guidelines and

under the maximum safety regulations [11].

General indications

A literature search was made through Pubmed/Medline and

Google Scholar databases using the keywords SPECT/CT,

pediatric, bone scan, children, benign bone lesion, osteoid

osteoma, osteomyelitis under various combination. 224

papers were found in the period 2006–2015. After exclu-

sion of reviews, case reports and papers with an

oncological topic about 30 original papers remained and

the following is a summary of recent relevant literature.

Many benign tumor bone lesions more often show mild

increased activity on scintigraphy. These lesions may

include bone cysts, enchondromas and benign fibrous

lesions. Recently Miller [12] described mild or faint

increased activity on bone scintigraphy in a few cases of

benign juxtacortical chondroma.

Osteoid osteoma is a common benign bone tumor. Park

et al. found that all patients with osteoid osteoma in their

series had positive bone scans in contrast to 29 % of their

patients having negative radiographs. The use of SPECT-

CT would then adequately diagnose these patients as CT

was more helpful than MRI in their series of patients.

However, if scintigraphy did not adequately identify a

lesion, then additional imaging with MRI may be war-

ranted depending on clinical symptoms [13].

In children who have been treated for malignancy,

osteonecrosis has a range of incidence reported between 1

and 72 %. On a review of this topic by Kaste et al. [14]

scintigraphy is described as sensitive for this diagnosis as it

can provide a wholebody assessment. However, MRI has

largely replaced scintigraphy for this diagnosis as it has

better specificity because of better anatomic detail and its

lack of ionizing radiation.

In a review article on bone pain in children, McCarville

[15] states that Langerhans cell histiocytosis and

osteomyelitis are the two commonest benign conditions

causing bone pain. She also noted that Langerhans cell

Fig. 3 Male, 14 years old, with backache lasting several months, clinically suspected to be due to vertebral damage. a Wholebody scan was

unremarkable. b SPET/CT showed a mild uptake on the right L5-S1 level (arrows); CT images confirmed the diagnosis of right L5 spondylolysis
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histiocytosis can often have a negative bone scan in up to

20 % of cases. While radiographic skeletal survey is still

the mainstay for lesion detection, the addition of 18-FDG

PET CT may be more valuable in detecting and following

metabolically active lesions.

In an article on management of low back pain in athletes

by Siaryo and Nagamachi [16], three stages of spondylol-

ysis are described: early, progressive, terminal where there

is bone absorption in an incomplete fracture, then complete

fracture and ultimately pseudoarthrosis described for the

appearance of these three stages on CT scan. SPECT-CT

can clearly identify these three stages and correlate the

presence and degree of metabolic activity to correspond

with these clinical stages. The value in determining stage

relates to potential management. The first two stages pre-

sent with pain from fracture and hard bracing may heal the

fracture. The third or pseudoarthrosis stage may respond to

treatment for synovitis symptoms and pain management;

but there is little chance of fracture healing with conser-

vative management, so determining with scintigraphy

whether the lesion remains metabolically active may help

the referring physician determine if more aggressive ther-

apy is needed.

Specific clinical indications

Bone pain

The high sensitivity of bone scans in determining bone

involvement in cases of alarming unexplained pain

(sometime an early manifestation of bone malignancy) [15]

Fig. 4 A 7-year-old boy presented with right distal hip pain. Blood

pool images (a) showed focal hyperemia at the right distal thigh.

Whole body skeletal phase images (b) showed intense focal uptake at

the distal diaphysis of the right femur surrounded by a zone of diffuse

uptake. Plain lateral X-ray of the femur (c) showed a well defined

lytic lesion that raised the possibility of a benign cortical defect, The

intensity of uptake in this lesion on the bone scan was worrisome.

A SPECT/CT was performed for further evaluation. The MIP image

(d) shows intense focal uptake in the lesion. Selected slices from the

non-diagnostic low dose CT (e) show a benign cortical lytic lesion

with a break in the external border of the lesion suggesting fracture or

erosion of the thin cortex, explaining the intense uptake demonstrated

on the fused image (e)
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(Fig. 2) and the precise localization of the pain source in a

specific region in the skeleton are valuable especially in

cases of referred bone pain. The increasing number of

children participating in sports, including both competitive

and recreational settings, has seen an increase in the

presence of sport-related lesions. Bone scans are highly

valuable in assessing the skeletal involvement in children’s

sport injuries [17]. Chronic repetitive bone stress from

strenuous physical activities may result in microtrauma and

produce subtle lesions (typically stress fractures) that are

difficult to detect especially when the spine [16], hands or

feet are involved. Sometimes the only complaint is a mild,

chronic distress and sometimes the symptoms are under-

estimated by the patient themselves. BS is then extremely

sensitive in localizing the lesion site, due to the high tracer

localization at the damaged site. The abnormalities detec-

ted on the bone scan, in these cases, help determine the

extent of the area that requires CT scanning The coregis-

tration of the metabolic abnormalities depicted on the bone

scan in SPECT/CT studies improves the identification of

abnormalities on the CT slices. SPECT/CT in the context

of stress related injuries is especially beneficial in evalua-

tion of spinal [18] pelvic and extremity lesions [19]

(Fig. 3).

BS is helpful and frequently employed in cases of sus-

pected child abuse [20] as a complementary evaluation to a

wholebody skeletal survey, but BS alone is not recom-

mended as the only study in suspected child abuse and very

little experience exists about additional information given

by hybrid imaging.

Benign bone tumors and tumor-like lesions

Benign space-occupying lesions of the bones are often

serendipitously detected by X-rays performed for other

reasons or because of local pain [21] The findings may be

due to either primary benign bone tumors or tumor-like

bone lesions. Although MRI remains the main pillar of the

diagnostic architecture, it is known that useful diagnostic

hints like endosteal scalloping, subtle cortical erosion,

early periosteal reaction or subtle matrix mineralization

able to address a malignant/bening suspicion are better

depicted by CT [22]. These changes normally are coupled

with an increased bone remodeling and radiopharmaceuti-

cal uptake, so it may be foreseen that SPECT/CT would

increase their identification. The intensity of the radio-

pharmaceutical uptake at BS helps to distinguish between

stable lesions and growing ones, too. Enchondromas,

periosteal chondromas, osteomas (bone islands), simple

bone cysts, non-ossifying fibromas (NOF), cortical fibrous

defects, benign fibrous histocytomas and the very rare

osteopoikylosis [23, 24]. normally show faint or unre-

markable peripheral uptake. SPECT/CT precisely shows

the areas of weight-bearing bone stress or dangerous ero-

sion of the cortex as areas of localized higher uptake,

especially when dealing with NOF, and may help to predict

Fig. 5 An 8-year-old girl. Pain at the left leg lasting for about

3 months. X-ray suspected an osteoid osteoma. Wholebody scan

(a) clearly depicts the ‘‘hot spot’’ at the middle third of the tibial shaft

with a fainter uptake by the surrounding sclerotic reaction. b SPET/

CT shows the nidus, confirming the presence of an osteoid osteoma
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the risk of spontaneous fractures (Fig. 4) and then the

necessity of chirurgical management (curettage) in an

otherwise ‘‘don’t touch lesion’’ [25]. SPECT/CT is also

very helpful, in patients with known bone malignancy, for

the differential diagnosis between metastasis and syn-

chronous benign alterations [26]. Other lesions (aneurismal

bone cysts, fibrous dysplasia (FD) areas, osteoid osteomas

and osteoblastomas) are characterized by increased

Fig. 6 Girl, 9 years old, with sudden onset of pain at the left hip,

accompanied by mild signs of inflammation, partially improved with

non-steroidal anti-inflammatory drugs therapy. 3 phase bone scan

(a angiogram, b blood pool images) shows increased blood flow and

pool in the left hemipelvis (arrows), with increased bone uptake

involving both ileo-pubic and ischio-pubic branches (c)
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activity; the latter two very intense. SPECT/CT is very

useful for studying these lesion, and can become a ‘‘one

stop shop’’ (Fig. 5), especially for osteoid osteoma [27].

This particularly painful lesion may arise in nearly every

bone, may mimic arthritis [28] or stress fracture. Plain

X-ray film sometime shows false negative findings, whilst

with MRI an excessive amount of oedema may hide the

nidus [22]. Wholebody BS unerringly identifies the site of

the abnormality as an area of intense uptake, also if the

lesion is only few millimeters wide. A subsequent SPECT/

CT carefully focused at the ‘‘hot spot’’ can make the

diagnosis, due to the ability of the CT component in

identifying the lucent nidus soaked within the sclerotic

reaction responsible for the very high uptake [13, 29]. This

specific uptake may produce the so-called ‘‘double den-

sity’’ sign that can be seen. BS may moreover assist the

surgical resection [30] and retain its high sensitivity in

identifying the relapses. Other key features visible with CT

helpful for differential diagnosis are the calcifications of

osteoblastoma, the different density levels of aneurismal

bone cysts or the complex pattern of FD. In addition, for

diseases often affecting multiple bone sites such as FD and

chronic recurrent multifocal osteomyelitis (CRMO) [31],

bone scans provide a more efficient wholebody survey than

other diagnostic imaging modalities.

Infection

Haematogenous osteomyelitis (HOM) of non-violated bone

is a known problem in the pediatric age group. Its inci-

dence can vary from 0.4 cases/100,000 from a recent Bri-

tish survey [32] to the over 10/10,000 incidence in less

developed countries [33].The bone scan is a very sensitive

first line diagnostic tool for HOM, especially in younger

children or when the localization of the site is difficult

(limping child or backache). In this clinical setting, the

easier and faster wholebody exploration often is advanta-

geous over MRI, especially when sedation is necessary for

the latter. More often, BS can help in differentiating

osteomyelitis from arthritis, due to the possibility of eval-

uating the blood flow and blood pool using the 3-phase

technique, or in determining bone involvement in the case

of infection in surrounding soft tissues. SPECT/CT helps to

better evaluate the extent and localization of the bone/soft

Fig. 7 Same patient of Fig. 6: SPET/CT: a better assessment of the

entity of the bone involvement. b MIP image showing the limited CT

scan length. The CT, with the low-dose tube setting, is able to show

C1) the damaged ischiopubic growth plate and C2) the oedematous

enlargement of the ischio- ad ileopubic muscles (red circles), due to

diffusion of infection from to bone to the soft tissues. All findings

were confirmed by MRI (d)
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tissue involvement (Figs. 6, 7). In some specific conditions,

for example infection of the jaw, SPECT/CT may be useful

in distinguishing HOM from non-infectious involvement of

the bone [34]. However, the morphological definition of

MRI for soft tissue involvement, particularly in the now

prevalent antibiotic resistant staphylococcal infection, is

unreachable [35–37] and so, apart from some very specific

clinical setting, the added value of SPECT/CT in acute

bone infection is limited.

Vascular diseases

The final group of bone diseases in the pediatric age group

we will discuss are related to an altered blood supply to the

bones, and include bone infarction, avascular necrosis and

reflex sympathetic dystrophy/chronic regional pain syn-

drome. Bone infarction may be a complication of malig-

nant disease or secondary to treatment with high dose

steroids [14, 38]. Haemoglobinopathies such as sickle cell

disease and metabolic diseases such as Gaucher’s disease

are especially prone to bone infarction [39]. Occasionally,

BS may help to differentiate a sickle crisis from

osteomyelitis, especially when there is involvement of ribs

or other bones that would be rarely affected by infection.

Hybrid imaging can be a step forward in these patients,

allowing distinction between acute and chronic abnormal-

ities. The CT component can show calcium deposition in

the marrow in lesions that may still have increased uptake

on bone scans. This would suggest a healing lesion rather

than an acute infarct. The skeletal site most prone to

avascular necrosis is the femoral head [40]. in which the

landmark of a ‘‘cold spot’’ at the ossification nucleus in a

well-timed bone scan can sometimes be easier to interpret

than the MR findings [41]. In these patients SPECT/CT can

show the typical findings with improved spatial resolution

compared to planar imaging, obviating the need for pinhole

views (pinhole collimators are rarely available in nuclear

medicine departments with modern equipment). The CT

component of SPECT/CT can also provide important

information on the possibility of fractures or collapse of the

proximal femoral epiphysis, information that may be

required for planning therapy and for assessing its effec-

tiveness [42]. Careful tailoring of the CT scanning field to

the site of skeletal abnormalities on the bone scan can

achieve a great reduction in the radiation burden. Reflex

sympathetic dystrophy or chronic regional pain syndrome

can also be found in the pediatric age group, and is fre-

quently overlooked [43]. BS makes the diagnosis far easier

in typical cases, when the triad increased blood flow/in-

creased blood pool/diffuse increased bone uptake is pre-

sent; in children more often we can find the uncommon

features of reduced blood flow and decreased delayed

activity, but hybrid imaging is only seldom [44] normally

necessary for the diagnosis (Fig. 8).

Fig. 8 Twelve year old girl has had pain in the region of her left fifth

metatarsal. No significant trauma history. Bone scan was performed to

rule out a stress fracture in the left fifth metatarsal. The bone scan

identifies a three phase (blood flow, blood pool, (a) and delayed

imaging (b) cold abnormality in the left foot and leg. Correlative

radiographs are normal. The findings are in keeping with ‘‘cold

variant’’ of reflex sympathetic dystrophy (chronic regional pain

syndrome). No fracture or focal abnormality is seen in the left foot

fifth metatarsal region. She was treated with physiotherapy and

analgesia
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Conclusions

Hybrid imaging integrates in a single imaging session

functional/metabolic information on tracer distribution and

CT morphologic information, enhancing their respective

diagnostic yield. Currently, there is still not enough avail-

ability and experience with F-18 fluoride PET/CT in chil-

dren, so the majority of hybrid studies are SPECT/CT with

99mTc-labeled diphosphonates. BS still retains its value as

a sensitive and safe tool for diseased site localization

thanks to its fast wholebody survey, with the potential of

SPECT/CT to improve the specificity and diagnostic

throughput, especially in cases in which CT is still neces-

sary. The superior resolution and soft tissue contrast of

MRI makes this modality essential when malignant lesions

are suspected, as is in case of infection with suspicion of

soft-tissue involvement, whose evolution in pyomiositis

can lead to tissue necrosis requiring surgical intervention,

sometime heralded by a delayed response to antibiotic

treatment. The relative cost/benefit ratio of radiation bur-

den and sedation should be weighted on a case by case

basis. When hybrid imaging is required it is of paramount

importance set up the CT parameters (tube setting, scan

field) according to optimized pediatric protocols [10, 45,

46].
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