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Abstract

Introduction: Osteoarticular infection is a particularly common pathology in children. The diagnosis is sometimes difficult 
especially in front of a poor symptomatology and a little disturbed biological assessment. The aim of this work is to assess the 
contribution of bone scintigraphy in the diagnosis of osteoarticular infections in children.
Patients and Method: This is a retrospective study spread out between December 2012 and February 2019, involving children 
referred to the nuclear medicine department of Hassan II University Hospital Center of Fez for suspected osteoarticular 
infection. All the children benefited from a bone scan with a triple phase acquisition followed by a study of the entire bone 
skeleton, after an IV injection of 10 MBq /Kg of MDP-Tc99m. 
Results: We selected 31 children. The average age was 9.43 years old with a male predominance. The clinical signs mainly 
found in our patients were fever, bone pain and functional impairment of the affected limb. The main location was the lower 
limb (74.2%). Bone scan was positive in 70.9% of patients, including 9 cases of septic arthritis, 7 cases of osteomyelitis, 4 cases 
of sacroiliitis and one case of lumbar spondylodiscitis.
Conclusions: Three-phases bone scintigraphy protocole with MDP-Tc99m completed with a whole body bone scan should 
remain the examination of choice in osteoarticular infections in children. This exam makes it possible to retain an accurate 
diagnosis in an early stage of OAI while the other medical imaging modalities exams being negative. Thus allowing to prevent 
severe complications with an affordable financial cost and an acceptable irradiation rate.
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Introduction 

Osteoarticular infection (OAI) is a particularly common 
pathology in children. It includes osteomyelitis, septic arthritis 
and osteoarthritis [1]. Its incidence varies between 0.07 and 
0.42/1000 children in industrialized countries [2]. This is a 
diagnostic and therapeutic emergency. Its complications are 
mainly related to diagnostic delay and / or inappropriate 

treatment. Despite progress in imaging, diagnosis at an 
early stage remains difficult, especially in the face of poor 
symptomatology and little disturbed biological assessment. 
Fever and pain are hallmarks of a pediatric osteoarticular 
infection, although occasionally the signs and symptoms can 
be more subtile. The use of C-reactive protein to diagnose 
and validate effective management of treatment has become 
standard in clinical practice. Above the clinical and Biological 
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findings, bone scintigraphy with Bisphosphonates labeled 
with Technetium-99m is a frequently requested examination 
if a pediatric AOI is suspected. Due to its good sensitivity, 
the improvement of its specificity and its precocity, it 
makes it possible to orient the diagnosis while specifying 
the topography of the infectious process by visualizing the 
entire bone skeleton without resorting to sedation. This 
results in faster and more adequate care with a significant 
reduction in the high cost and duration of treatment. In 
the Nuclear Medicine Department of CHU HASSAN II in 
FES, approximately 5% of annual pediatric bone scans are 
requested for suspected OAI. The aim of this work is to assess 
the contribution of a triple-phase bone scintigraphy protocol 
completed by a whole body scan in the early diagnosis of OAI 
in children.

Patients and Methods

This is a descriptive and retrospective study, carried out 
over a period of 6 years from December 2012 to February 
2019 in the nuclear medicine department of the CHU Hassan 
II of FEZ. We included children under the age of 16 referred 
for bone scintigraphy with suspected OAI. We investigated 
from the files the clinical, biological and radiological data 
(standard radiography, ultrasound, computed tomography 
and magnetic resonance imaging).

All the children included in the study underwent a 
dynamic bone scintigraphy with an acquisition in three 
phases. Planar images of the vascular inflow were performed 
immediately after IV injection of the radiotracer, followed 
by a soft tissue phase 3-10 minutes after. The delayed 
images were performed 2-3 hours later with static images 
centered on the suspected area, supplemented by a full-body 
scan looking for other focus of pathological fixation. The 
radiotracer used was metastable technetium-99 methylene 
diphosphonate (99mTc-MDP) injected intravenously, on the 
examination table, at a dose of 10MBq / Kg. The preparation 
included sufficient hydration and an empty bladder. An 
interpretation was made by 02 nuclear medicine physician, 
supervided by a senior based on the images, considering 
epidemiological, clinical and paraclinical data of the patients. 
Images acquisition was performed with a Siemens dual head 
Gamma Camera, Symbia T6 2010 model. OAI was suspected 
on pathological fixation relating to the three stages of the 
examination. 

Results

 Thirty-one patients were collected. The average age was 
9.43 years with extremes ranging from 9 months to 15 years 
old. 74.1% of the patients were male with a sex ratio (M / F) 
of 2.8. A history of recent infection was found in 12.9% of the 
children. The notion of trauma was reported in 5 children. 

The clinical signs mainly found were bone pain, fever, and 
lameness (Figure 1). OAI were predominant in the lower 
limb, 74.2% of cases (Table 1). 

Figure 1: Distribution of patients according to clinical 
signs.

Localisation Number of 
cases Percentage (%)

Upper limb 1 3,2
Spine 1 3,2
Hip 6 19,4

Lower Limbs 23 74,2
Total 31 100

Table 1: Distribution of patients by location.

Among the 19 children who underwent a laboratory 
assessment, a biological inflammatory syndrome with 
hyperleukocytosis associated with an elevation of C reactive 
protein was present in 12 cases (63.1%), 4 children (21 %) 
had an increase in CRP without leukocytosis while 3 children 
(15.7%) had a normal biological inflammatory assessment. 
A standard radiograph of the affected limb was taken in 
19 patients, showing radiologic signs suggestive of OAI in 
57.14% of cases. The radiological signs identified were bone 
demineralization and a periosteal reaction. Ultrasound was 
performed in 12 children, 6 of whom had ultrasound signs 
suggestive of osteoarticular infection, namely periosteal 
detachment, joint effusion or infiltration of soft tissue. The 
tomodensitometry carried out in 5 children, concluded with 
an OAI in 3 cases.

The 99mTc-MDP bone scintigraphy was positive in 22 
children (70.9%) (Figure 2), showing a relative hyperactivity 
of the affected limb at the two stages of the examination 
(early and late) in favor of an OAI, including 9 cases of septic 
arthritis, 7 cases of osteomyelitis, 4 cases of sacroiliitis and 
one case of lumbar spondylodiscitis (Figure 3).
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Figure 2: Distribution of patients according to the results 
of the bone scan.

Figure 3: Distribution of children according to the 
molecular imaging diagnosis.

Among the 19 children who performed conventional 
imaging, 14 patients (73.6%) had a positive bone scan. As for 
imaging, it had found radiological signs in favor of an OAI in 
only 12 cases (63.1% of cases) (Table 2).

Normal 
Bone scan Positive Total

Conventional imaging
Normal 1 6 7
Positive 4 8 12

Total 5 14 19

Table 2: Comparison between the results of conventional 
imaging and those of bone scan

Among the 19 children who underwent an inflammatory 
laboratory assessment, 3 cases had a normal inflammatory 
assessment with scintigraphic signs in favor of an osteo-
articular infection. Also, 3 patients presented a biological 
inflammatory syndrome while the bone scintigraphy did not 
show scintigraphic signs in favor of an OAI (Table 3, Figures 
4 & 5).

Normal 
Bone Scan Positive Total

Disrupted inflammatory 
assessment 3 13 16

Normal inflammatory 
assessment 0 3 3

Total 3 16 19

Table 3: Comparison between the results of the biological 
assessment and those of the bone scan.

Figure 4: Three-phase bone scintigraphy showing an 
asymmetry of perfusion and uptake of radiotracer opposite 
the two knees more marked on the right side during the 
flow phase, the blood pool and the delayed phase evoquing 
an osteoarthritis of the right knee.

Figure 5: Three-phase bone scintigraphy showing an 
asymmetry of perfusion and uptake of radiotracer opposite 
the two tibial diaphyses more marked on the right side 
during the flow phase, the blood pool and the delayed 
phase evoquing an osteomyelitis of the right tibia.
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Discussion 

Osteoarticular infection in children is a considerable 
diagnostic and therapeutic challenge. The consequences 
of a delayed or missed diagnosis could lead to significant 
functional complications. This pathology takes on several 
aspects depending on the clinical presentation and the site 
of infection. OAI affects children of all ages, from newborns 
to older children [3] with an average age of onset varying 
according to the studies [4-7]. The average age of our sample 
was 9.43 years old. In OAI, the predominance is male [4-6] 
and it was the same for our study with a sex ratio of 2.8.

The classic location of OAI is the lower limb [1,2,8-
9]. It was 74.2% in our series. According to the litterature 
this location can be multifocal in about 13 % of children 
concerning with OAI [10,11]. In our study, we found no cases 
of multifocal involvement. The concept of trauma has been 
found in 30-40% of cases in most studies [4,12-13]. In our 
study, a history of trauma was reported in approximately 
16% of cases.

The diagnosis of OAI is suspected in a child admitted 
with febrile, helpless, abrupt onset or rapidly progressive 
osteoarticular pain syndrome. The Fever is an important 
clinical element pointing to an infectious aetiology. According 
to the litterature, fever is only present in 60 to 80% of cases 
[7,14]. In our study fever was present in 63.6% of OAI cases. 
Its absence does not exclude the diagnosis of OIA in children.

Biological inflammatory syndrome associating 
hyperleukocytosis and elevated C-reactive protein (CRP) is 
inconstant in childhood OAI [13,15]. However, these markers 
are not always reliable. Hyperleukocytosis is generally 
present in only 50% of infected children [16]. Also, elevation 
of CRP is found in around 80% of cases [1]. In our study, 
around 63.1% of children with confirmed AOI were having a 
biological inflammatory syndrome.

Medical Imaging plays an important role in the diagnostic 
orientation of osteoarticular infections. The choice of the 
most appropriate imaging modality based on the clinical 
presentation is very important in making the diagnosis and 
assessing the extent of the disease. Thus, standard x-rays, 
ultrasound, bone scintigraphy and MRI are discussed, each 
with its advantages and limitations. Radiography centered 
on the affected limb is the first-line, urgent and systematic 
examination. This is an insensitive examination [17] and 
frequently normal in the early stage of infection. In the case 
of acute osteomyelitis, X-rays can show extra osseous signs 
that appear early during the first 48 to 72 hours of infection 
[18].

However, these signs are neither sensitive nor specific 

and therefore of little use in practice [11,18]. The first bone 
signs appear late after 7 hours to 10 days of progression, 
which includes resorption under the periosteum and clarity 
under cortex, indicating bone demineralization [19]. In 
septic arthritis, it is most often normal and above all makes 
it possible to rule out a differential diagnosis (osteomyelitis, 
bone tumor or fracture). In our series, 57.1% of cases had 
radiographic abnormalities suggestive of OAI.

Ultrasound is a simple, non-invasive, non-irradiating, 
inexpensive, sensitive and available examination, but it 
remains operator-dependent. It may be normal in the early 
stage of OAI, especially with acute osteomyelitis [18, 20]. Its 
interest lies in the search for a complication, in particular the 
subperiosteal abscess, or of the soft tissues in the event of 
acute osteomyelitis and in demonstrating an intra-articular 
effusion in the event of septic arthritis. In our series, this 
examination made it possible to orient the diagnosis in 5 
cases of septic arthritis, 16.1% of cases, by showing an intra-
articular effusion and in one case of acute osteomyelitis by 
showing a periosteal detachment.

MRI is a non-irradiating, non-invasive, but expensive 
means of imaging. This is a very sensitive test, around 97% 
[17]. However, its specificity varies from one study to another 
[21,22]. This examination is reserved for certain indications, 
especially in spondylodscitis and sacroiliitis, and in the event 
of failure of antibiotic therapy adapted to the search for a 
complication (abscess) [11,12]. In our study, no child did an 
MRI.

Bone scintigraphy with bisphosphonates labeled with 
metastable technetium-99 in 3 states is a very useful test in 
the diagnosis of OAI. It allows early diagnosis of OAI. In fact, 
the technical diphosphonate derivatives are markers of bone 
remodeling and bone perfusion [23-25], which makes it 
possible to detect bone remodeling anomalies in the first 48-
72 hours of infection before the appearance of radiological 
anomalies. . Its sensitivity varies according to the studies 
(84-100%) [18]. A normal bone scintigraphy excludes bone 
infection with a strong negative predictive value (close to 
100%) [12].

In our sample, 99mTc-MDP bone scintigraphy made it 
possible to diagnose OAI in 22 children (70.9%) including 
9 cases of septic arthritis, 7 cases of osteomyelitis, 4 cases 
of sacroiliitis and one case of lumbar spondylodiscitis. This 
low-irradiation examination also makes it possible to explore 
the entire bone skeleton using whole-body imaging, which is 
useful in the event of double localization of the infection, in 
around 7% of children, especially in newborns [23].

The examination is performed in three phases, the 
vascular phase which reflects the blood supply to the area 
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explored, the tissue phase which reflects activity in adjacent 
tissues and the bone phase which reflects osteoblastic 
activity [26-28]. The classic scintigraphic appearance during 
OAI is early hyperemia in vascular time, associated with 
hypercaptation in tissue time and late hyperfixation of the 
radiotracer in bone time due to hypervascularization of the 
infectious site [10,28].

 Although performing the three-phase bone scintigraphy 
improves the specificity of the examination (approximately 
90%), it does not differentiate an osteoarticular infection 
from a tumor or traumatic injury [28,29].

To further improve its specificity, some authors 
recommend making a 4th acquisition at the 24th hour 
because the infected bone continues to bind 99mTc 
diphosphonate until the 24th hour [30,31], others 
recommend ‘’ use of certain markers specific to infection, in 
particular gallium-67 citrate, leukocytes labeled with Indium 
111 or with hexamethylpropylene-amine-oxime (99mTc-
HMPAO) and anti-granular antibodies labeled with 99mTc 
(Leukoscan) [28,30], but these examinations are not possible 
in our routine [32].

Conclusion 

The three-phase bone scintigraphy protocol with 
metastable technetium-99 methylene diphosphonate 
(99mTc-MDP) completed by a whole body scan should 
remain the gold standard exam if an OAI is suspected in 
children. It makes it possible to diagnose OAI in an early stage 
when the morphological assessment may still be negative 
and thus improve the initial management and eventually the 
follow up of children affected by this condition in order to 
avoid severe complications with an affordable financial cost 
and an acceptable irradiation rate.
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