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Article

ABSTRACT



Introduction: Sickle cell disease (SCD) is one of the most 
common genetic blood disorders in Oman, with an 
incidence of around 6% of the population. SCD patients 
are at high risk of getting osteomyelitis (OM). The method 
of choice for diagnosing OM is by obtaining a positive 
blood culture and a bone/joint biopsy. However, a negative 
blood culture does not exclude the diagnosis of OM, and 
bone biopsy is an invasive procedure that is not routinely 
performed in all patients.



Standard Magnetic Resonance Imaging (MRI) is 
recognized as the study of choice for confirming OM in 
normal populations and has been reported to have high 
sensitivity and specificity. However, in patients with SCD, 
due to significant bone infarcts, it’s challenging to 
differentiate from bone infections, with MRI sensitivity and 
specificity of around 82% and 75%, respectively, as 
reported. An  ambidirectional  study was done to  evaluate 



the role of clinical, laboratory, and radiological parameters 
in establishing the diagnosis of OM in children with SCD.



Methodology: Fifty-one SCD patients with a mean age of 
9 years were recruited. The inclusion criteria of our study 
are all patients with SCD aged from 6 months to 18 years, 
suspected to have OM, and involvement of the limb or joint. 
Clinical, laboratory, and radiological findings were collected 
and grouped into two groups: OM vs VOC patients.



Results: In our study, the sensitivity of MRI alone was 
29.6% in detecting OM. Cortical destruction was found in 
only 12.5% of patients who had an MRI, which confirms the 
diagnosis of OM. Combined with Clinical and laboratory 
data, the likelihood of diagnosing osteomyelitis increases 
significantly.



Conclusion: In SCD patients, it is usually difficult to 
distinguish between OM and VOC. In many cases, the MRI 
findings  were either  inconclusive or led to an incorrect 
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diagnosis. Combining clinical, laboratory, and radiological 
data might increase the likelihood of diagnosing OM in 
these patients.



INTRODUCTION



Sickle cell disease (SCD) is one of the most common 
genetic blood disorders in Oman. It’s an autosomal 
recessive disorder caused by inheriting a mutation in the 
hemoglobin-beta gene on chromosome 11 from both 
parents. The incidence of the disease in Oman is around 
6% of the population . Those patients are vulnerable to 
crisis episodes in their disease, with the major types of 
crises grouped as aplastic, acute sequestration, hyper-
hemolytic, and Vaso-occlusive crises . Vaso-occlusive 
crises (VOCs) remained the leading cause of hospitalized 
patients with sickle cell disease .



Patients with VOCs present with bony pains mainly in the 
limbs, followed by back, chest, and abdominal pain . SCD 
patients are at high risk of getting osteomyelitis (OM) due 
to the impaired immune response, because of functional 
hyposplenia combined with recurrent bone infarction with 
VOC . Salmonella species are the most common 
pathogens causing osteomyelitis in SCD, whereas 
Staphylococcus aureus is the most common cause in the 
normal population. Limb or joint VOCs are sometimes 
associated with fever, making differentiation from 
osteomyelitis difficult. Both conditions may present almost 
identically, with pain, fever, swelling, local redness, and 
leukocytosis .



The method of choice in diagnosing OM is to obtain a 
positive blood culture and bone/joint biopsy. However, a 
negative blood culture does not exclude the diagnosis of 
OM, and bone biopsy is an invasive procedure that is not 
routinely performed in all patients .



Standard Magnetic Resonance Imaging (MRI) is a gold 
standard tool in confirming OM in normal populations and 
has a sensitivity of 100% and specificity of 96% according 
to previous reports . Other radiological modalities have 
also been used to aid in the diagnosis of OM, such as 
bone scan, with a sensitivity reaching 79-100% and a 
specificity of 79% .



However, in patients with SCD, it is not usually an easy 
task, as patients with significant bone infarcts are 
challenging to differentiate  from bone infections, as the
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MRI sensitivity and specificity drop to 82% and 75% 
respectively, as reported .



There have been multiple studies to evaluate different 
radiological investigations to aid in the diagnosis of OM in 
SCD patients, such as CT scan, US, Bone scan, and a 
combination of more than one radiological modality.



In our local experience at Sultan Qaboos University 
Hospital (SQUH), we encountered numerous instances of 
both false positive and false negative results. Notably, 
almost 4 of our patients were not diagnosed with OM 
using standard MRI with fat suppression sequencing 
(subtraction method); however, their clinical course 
confirmed the diagnosis of OM with abscess formation 
and even development of sequestrum.



The current study aims to evaluate the role of clinical, 
laboratory, and radiological parameters in establishing the 
diagnosis of OM in children with SCD.



METHODOLOGY



This is an ambidirectional study with 26 patients’ data 
collected as retrospective and 37 patients collected as 
prospective, based on data collection from Electronic 
Patient Records (EPR) of Sultan Qaboos University 
Hospital (SQUH) of all patients presented with signs and 
symptoms suggestive of osteomyelitis for a 9-year 
duration, from April 2013 to October 2022.



The primary objective is to evaluate different parameters: 
clinical, laboratory, and radiological, in establishing the 
diagnosis of OM in SCD.



The secondary objective is to determine the organisms’ 
growth, antibiotic choice, duration, and correlation with 
genotypes.



Parental informed consent was obtained, clarifying that 
there are no limitations in any part of the investigations 
and management provided.



All patients who presented to the hospital during the study 
period were included; 63 patients were screened after 
obtaining informed consent.



The inclusion criteria of our study are patients with SCD 
aged from 6 months to 18 years, both sexes, suspected to
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have OM, and involvement of the limb or joint.



The exclusion criteria were that Patients were excluded 
from the study if they did not have a confirmatory test for 
SCD in the hospital, and repeated visits for the same 
complaint.



After exclusion, a total of 51 patients with SCD, for whom it 
was challenging to differentiate between osteomyelitis 
and Vaso-occlusive crises clinically, were included in this 
study.



For all patients included in the study, clinical assessment 
of signs and symptoms suggestive of osteomyelitis; 
laboratory investigations including CBC, acute-phase 
reactants, cultures (Blood/aspiration fluid), and Imaging, 
including plain X-rays, US & MRI. Some patients 
underwent standard MRI, while others had post-contrast-
enhanced MRI with subtraction, which was used to 
evaluate suspected cases of osteomyelitis.



Clinical Data were extracted from the “Trackcare” system, 
collected using the “Microsoft Excel” Program, and then 
analyzed using SPSS version 28.



Radiological Data were extracted with the help of a 
Pediatric radiologist who is having more than 10 years of 
experience in Musculoskeletal imaging from “The Philips” 
radiology system used in SQUH who had identified the 
five most common radiological findings that can be found 
in VOCs and OM in SCD patients which are bone edema, 
infarction, subperiosteal edema, collection and cortical 
destruction with the presence of the last one is 
considered to be definitive for OM. 

The Clinical, laboratory, and radiological data were 
combined, and the patients were divided into three groups 
based on the likelihood of OM (Table 1). Definitive OM 
suggests the diagnosis of OM over other causes. Possible 
OM has features suggesting OM, but can’t exclude VOC, 
and requires treatment with antibiotics and imaging if not 
already done. While unlikely, OM is favoring VOC more 
than bone infection.



Of the 51 patients enrolled in this study (Details in 
Appendix 1), 54% (28) were male, with an average age of 
9 +/- 4 years. OM was the admitting diagnosis in 28 of 
them, VOC in 17 patients, and six patients had other 
diagnoses, such as septic arthritis or ‘impending fracture’. 
Twenty-three (45%) patients had HB SS, followed by 13 
(25%) with HB Sβ0, and 23% with HB Sβ+.



98% of patients presented with pain, and 94% had 
tenderness over the bone/joint involved. 86% of the 
patients had erythema around the affected limb. Thirty 
patients had swellings, and only 34% had heat in the 
affected limb. These signs of infection have been grouped 
as low risk of OM by the presence of 2 local signs of 
infection (swelling and tenderness), and as high risk by the 
presence of >2 . 66% of patients were in the high-risk 
group. Of interest, 80% of the patients presented with or 
developed fever during admission, and only 37% had a 
high WBC count, defined as > 15×109/L.



Also, there was no difference between the OM and VOC 
groups regarding inflammatory markers (Figures 1 and 2).

 

The difference in the initial CRP values was not statistically 
significant (P=0.23) (Table 2).
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Definitive OM
Possible OM with microbiologic confirmation (from blood or tissue), OR cortical 
destruction on MRI, OR drainage of purulent fluid from surgical intervention 
(Tissue diagnosis), OR later development of chronic osteomyelitis

Possible OM

Fever with tenderness and swelling at the site of suspected infection AND 
abnormal inflammatory marker (CRP > 50 OR WBC >15) AND Persistence of 
skeletal symptoms > 1 week without microbiologic confirmation, cortical 
destruction, or drainage of purulent fluid or later development of chronic 
osteomyelitis

Unlikely OM Suspected OM based on fever, tenderness, and swelling at the site of pain, but 
otherwise does not fulfill the criteria for definitive or possible OM

Table 1: Proposed definition of Definitive, Possible & Unlikely OM



Figure 1: CRP with osteomyelitis














Figure 2: Initial WBC with osteomyelitis



We applied a clinical score proposed by Al Shukaili et 
al  (Table 3). This defined a median score of 6-8 as an 
equivocal difference between VOC and OM. In the current 
study, a median score above 6 favors OM.



MRI was done for 34 patients, 97% of them found to have 
bone edema & infarction. 94% of them had subperiosteal 
edema, and around 44% developed periosteal collection. 
Around 11% of them developed cortical destruction (Table 
4).



Those radiological findings were grouped as less probable 
OM (probable), highly probable OM (definitive), and 
equivocal (suspected) .  The   images   were  reviewed
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independently by two radiologists, and they agreed that 
the presence of cortical destruction was suggestive of 
OM, while the presence of bone edema, infarction, and 
subperiosteal edema was more in favor of VOC. The 
presence of the periosteal collection was equivocal and 
needed a clinical correlation for a definitive diagnosis of 
OM vs VOC.



Based on that, 8% of patients who had an MRI were 
diagnosed with OM, while 70% were in favor of VOC, and 
22% (11) were equivocal. On follow-up, only 4 of them 
proved to be osteomyelitis.



The clinical score, when joined with the radiological 
outcome, showed that the high-risk group of radiological 
outcomes (i.e., cortical destruction) had a higher clinical 
score. Overall, this finding was not significant with a p-
value of 0.475 (Table 5).

 

Blood culture was collected in all patients except one, as it 
was missed to be obtained when the patient presented in 
the emergency department; there was a positive blood 
culture in 9 of them, with six having grown Salmonella, the 
other 3 had a growth of S. aureus, Citrobacter freundii, 
and Bacteroides fragilis each. Notably, one patient with 
positive Salmonella in the blood culture and a clinical 
course suggestive of OM had an MRI report that was 
strongly suggestive of a VOC. Moreover, this patient had 
bony changes highly indicative of OM in an X-ray taken 1 
week after admission.



Fifteen patients required surgical intervention. Five of 
these patients exhibited growth in the aspirated fluid, with 
Salmonella growth identified in two cases, followed by 
growth of MRSA, Enterobacter cloacae & Bacteroides 
fragilis in one patient each.



Five patients were not started on antibiotics and showed 
dramatic improvement with analgesia and hydration. All 
remaining  patients started on antibiotics, with most of 

5

Osteomyelitis      N Mean Std. Deviation P-value

CRP Absent 19 166.05 103.784 0.23

Present 21 207.81 111.734

Table 2: CRP with osteomyelitis diagnosis
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Clinical Parameter 
Score 0 1 2

Fever No >38 and < 38,5 >38,5

Duration of fever 
38.2 <2 days 2-3 days >3 days

Localized Signs of 
Infection None Swelling and 

tenderness

Plus Redness, 
Hotness, 
Fluctuation

No. of site involved >1 <1 -

WBCs Normal - >15

Loss of function 
(walking, writing, 
etc)

No - Yes

Blood culture Negative - Positive

Table 3: Clinical score provided in Al Shukaili et al. Study

Table 4: MRI Findings in patients enrolled in the 
study; MRI Findings with suggestive features of 
OM vs VOC in 34 patients who underwent the 
study.

them on multiple antibiotics. Ceftriaxone was administered 
to 42% (38) of the patients, and Ciprofloxacin in 19% (17) 
of them as a discharge medication. Other antibiotics were 
also used, such as vancomycin, Flucloxacillin, and 
Clindamycin, on special occasions when MRSA was 
isolated.



In our study, patients with OM, as identified by MRI, have a 
sensitivity of 29.6% and a specificity of 69.5% compared 
to clinical diagnosis, with positive predictive value and 
negative predictive value of 53.3% and 45.7%, 
respectively.



DISCUSSION



Patients with SCD presenting with bony pain and fever are 
most likely to have VOC, but OM can’t be excluded; early 
detection will help in preventing the sequelae of not 
treating OM appropriately. Diagnosis of OM in SCD 
remained one of the top challenges, as the clinical 
presentation is similar to VOC, with local signs of infections 
shared between the two groups. Also, blood culture can 
aid in the diagnosis if positive, as the sensitivity of it in 
diagnosing OM is only 42% , but it can’t rule it out if 
negative.



In our study, only 17% of proven OM patients had positive 
blood culture; the explanation for the low yield might be 
due to the start of oral antibiotics in some febrile patients 
before reporting to the hospital. Moreover, the Canadian 
Pediatric Society is identifying Kengella Kingae as the 
most common pathogen in children younger than 4 years,

10

MRI Findings N %

Bone edema 33 97%

Bone infarction 33 97%

Subperiosteal edema 32 94%

Subperiosteal 
collection 15 44%

Cortical destruction 4 11%



which was not reported in our population, as it needs 
special media for growth .



We have also shown that Salmonella and S. aureus remain 
the most common organisms causing OM, which aids in 
selecting an appropriate antibiotic regimen. Ceftriaxone 
alone was a suitable choice for treating OM, combined 
with Vancomycin in patients with a previous history of 
MRSA, or other anti-staphylococcal antibiotics in MSSA-
suspected cases.



In SCD, the radiological findings in diseased bones, which 
include bone infarction and edema as a result of limited 
blood supply and recurrent VOCs, might trigger an 
inflammatory response locally and cause subperiosteal 
edema, which can be misinterpreted as infection (Figures 
3 and 4). The breakdown of the cortex (Figure 5) by the 
pus indicates the acuity of the inflammatory process in the 
bone due to neutrophilic infiltration in response to bone 
marrow invasion by microorganisms, which indicates OM.














Figures 3 and 4: Bone edema and subperiosteal 
collection
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Many radiological modalities have been studied to help in 
the diagnosis. A combination of Technetium and gallium 
scintigraphy has been studied by T. Amundsen and his 
colleagues in 1984 and shown to be effective in 
diagnosing OM in SCD . It was also studied in 1988 by C. 
Kahn and his colleagues at the University of Chicago 
Medical Centre . U/S has been studied by M. Booz in 
Bahrain, as the subperiosteal fluid > 10 mm is indicative of 
OM.



This has been studied locally by R. Wiliam, etc. in 1999 as 
the presence of subperiosteal fluid > 4 mm is indicative of 
OM, which will require further imaging for confirmation, 
with a sensitivity and specificity of 74% and 63%, 
respectively . U/S has been combined with Laboratory 
data and concluded by B. Inusa as a reliable and cost-
effective diagnostic tool that will need further scans for 
confirmation .



In 2023, M. Scruggs and his team had a case report 
discussing different imaging modalities aiding in the 
diagnosis of OM in SCD including x-rays, bone scan, MRI & 
PET scan; discussing those modalities, x-rays usually will 
be normal in the first few days and will start to show 
changes after the first week of infection, bone scan is 
having high sensitivity as discussed earlier but the 
specificity is reaching to 35%. It can be lower if there is any 
high osteoblastic activity in the bone .



MRI has been studied lately to differentiate between OM 
and bone infarction. J. Delgado concluded that T1-W fat-
saturated MRI imaging alone is not a reliable method . C. 
Kao has combined microbiologic and radiologic features 
and concluded that this approach has increased the
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Table 5: Radiological outcome with osteomyelitis

Radiological 
outcome N Mean Std. Deviation P-value

Low 35 5.6 1.14 0.475

Equivocal 11 5.36 1.62

High 4 6.25 0.5

Total 50 5.6 1.22



8

Figure 5: Cortical break



likelihood of identifying a definitive diagnosis of OM .



The lower sensitivity of MRI in our paper may be attributed 
to several factors. For instance, receiving antibiotics 
before imaging can impact the inflammatory response in 
the bone. Furthermore, the MRI days allocated for the 
pediatric population are limited to 2 days/week.



PET-CT scans is a type of nuclear scan that uses Fluorine‐
18 fluorodeoxyglucose which is detecting high glucose 
uptake by hypermetabolism, it had many advantages in 
terms of a quick turnaround time of 1.5–2 h, optimal spatial 
resolution, high target‐to‐background contrast, accurate 
anatomical localization of sites of abnormality, whole‐body 
coverage, lack of artifacts due to metallic hardware, and 
absence of reactions due to administered 
pharmaceuticals . Hence, it has high sensitivity and 
specificity, reaching 90% and 85%, respectively. A study 
using this scan showed changes in clinical management 
by 67%, and they stated that “it is not warranted, as the 
outcome is frequently no change in management.”

Inflammatory markers are an indicator of bacterial 
infections. It was reported that a CRP rise of> 50 mg/dL is 
an indicator of acute bacterial infections . Also, a WBC 
count of more than 15×109/L has a sensitivity of 47% and 
specificity of 76% for serious bacterial infections .



In our population, we observed a higher prevalence of OM 
among males than females, which may be attributed to 
the disease's nature and the absence of estrogen's role in 
nitric oxide production. Nitric oxide plays a crucial role at 
the vascular level in preventing vascular phenomenon-
related crises in SCD .
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CONCLUSION



The strength of our study is the large group collected over 
9 years. Additionally, clinical, laboratory, and radiological 
findings are utilized to categorize patients into definitive, 
possible, and unlikely OM as shown in Table 1. Being an 
ambidirectional type of study is also a strength. The 
study's limitations include its focus on patients at a single 
hematology center and the lack of imaging for some 
patients due to technical issues.



We recommend expanding the sample size by doing a 
multi-center study to study the validity of the proposed 
definition of definitive OM.



In conclusion, with the development of the most accurate 
& cutting-edge technology, MRI has been significant. Still, 
radiological diagnosis of OM in SCD remains a challenge. 
Combining clinical, laboratory & radiological data is crucial 
to prevent missing OM in this vulnerable group of children. 
Clinical resolution of signs of inflammation within a short 
period, less than 1 week, is highly indicative of VOC rather 
than OM.
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