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Abstract 

Chronic osteomyelitis is an infection of bone and bone marrow. 

Diagnosis is based mainly on the correlation between history, clinical 

picture, lab. analysis, bacteriological, pathological, and imaging 

studies. Bone biopsy for culture and sensitivity is the gold standard for 

the correct identification of the causative organism. The present 

retrospective study aims to evaluate the accuracy of FDG PET-CT in 

the diagnosis of COM in 18 patients who underwent FDG-PET/CT 

scanning for clinically or radiologically suspected COM of the lower 

extremity. Fourteen patients had septic non-union, three patients with 

aseptic non-union, and one with chronic diffuse sclerosing OM of 

Garre. Seven patients had implants at site of examination at the time of 

the scan. Diagnosis of COM was confirmed by deep surgical cultures 

and pathological analysis following PET/CT scanning. FDG-PET 

uptake was measured by SUV max, and we compared SUV max at the 

infected site and the contralateral side (SUV ratio). The sensitivity, 

specificity, accuracy, PPV and NPV of PET SUV max were 100%, 

66.7%, 94.44%, 93.75% and 100% respectively in the diagnosis of COM at a cut-off value of 

4.46. The present study included 15 true positive, two true negative and one false-positive 

PET/CT results. 18F-FDG PET/CT is a highly sensitive and specific method for the evaluation 

of chronic osteomyelitis in patients with or without trauma. PET/CT provides anatomical 

localization and characterization of the infected area and has a crucial role in preoperative 

planning with a high degree of accuracy. 
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Introduction 

Osteomyelitis is an infection of bone and 

bone marrow that can be limited to a 

single portion of the bone or can involve 

several regions, such as marrow, cortex, 

periosteum, and surrounding soft tissue 

(1). The root words osteon (bone) and 

myelo (marrow) are combined with itis 

(inflammation) to define the clinical state 

in which bone is infected with 

microorganisms (2). Furthermore, it is 

defined as acute or chronic inflammation 

of the bone, localized or generalized due 

to infection, usually by pyogenic 

organisms  (3,4,5).  

Diagnosis of osteomyelitis remains 

challenging due to the absence of clear 

clinical, radiological, and laboratory 

findings in many cases (6). Although 

many techniques have been proposed for 

the noninvasive evaluation of chronic 

osteomyelitis, clinicians are still 

challenged with an indeterminate 

diagnosis in many cases, especially in 

early infections.    

Preoperative planning in patients with 

suspected chronic osteomyelitis is 

complicated and the definitive required 

surgical procedure can often only be 

identified based on intraoperative 

findings. So, the need for a noninvasive 

technique having high accuracy in 

diagnosis and preoperative planning has 

become clinically essential. Defining a 

noninvasive diagnostic technique is 

paramount for establishing an accurate 

preoperative plan. 

It  has been reported that FDG-PET/CT 

is an excellent diagnostic tool for 

suspected implant-associated infections 

after trauma surgery and musculoskeletal 

infections without prior surgery (7,8,9).  

It is not only useful for the detection of 

acute infections, but also it was 

suggested to be the most accurate 

imaging modality for confirming or 

excluding the diagnosis of low-grade 

infection and chronic osteomyelitis (8). 

The present retrospective study aims to 

evaluate the accuracy of FDG PET-CT in 

the diagnosis of COM.  

Patients and methods 

This retrospective study was done on 18 

consecutive patients who underwent 

FDG-PET/CT scanning for clinically or 

radiologically suspected COM of the 

lower extremity.        This study was 

approved by the Research Ethics 

Committee (REC) Faculty of Medicine, 

Benha University with code No. MS 44-

1-2020. There were fourteen patients 

who had septic non-union, one with 
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chronic diffuse sclerosing OM of Garre, 

and three patients with aseptic non-

union.  

 Suspicion of COM was based on clinical 

signs and plain X-ray. 13 patients had 

positive clinically inflamed skin and 

draining sinus tract, one patient with 

inflamed skin while pus drainage stopped 

shortly before the scan, another patient 

with skin defect about 2*2 cm at the 

infected site and three patients had no 

clinical signs of infection.  

All patients had positive radiological 

signs of infection like periosteal 

elevation, involucrum, and sequestrum. 

Definite diagnosis of COM was made 

based on deep surgical cultures and 

pathological analysis following the 

surgical debridement. 

Inclusion criteria:  

Patients included in this study were 

highly suspected for COM of the 

appendicular skeleton by clinical 

examination and plain X-ray. Any age 

group and both genders are included. We 

included also patients with or without 

metalwork in the bone. 

Exclusion criteria: 

Patients with clinically suspected COM 

of the lower extremity were excluded 

from the study if they had diabetic foot, 

prosthetic loosening, spine infections or 

refused to take part in the study. 

Informed consent was obtained from all 

subjects included in the study.  

All patients included in the study were 

evaluated and treated as regards: 

1. Clinical evaluation: Detailed history 

and clinical examinations  

2. Laboratory investigations, including 

complete blood picture (CBC), 

erythrocyte sedimentation rate (ESR), 

C-reactive protein (CRP) which reflect 

different degrees of inflammation. 

3. Plain radiography 

4. PET-CT scan 

5. Surgical debridement  

6. Microbiological examination (five 

deep samples form the suspected areas 

according to the PET CT) 

7.Histopathological examination (one 

deep sample) 

      Statistical analysis: 

Data were fed to the computer and 

analyzed using IBM SPSS software 

package version 20.0. (Armonk, NY: 

IBM Corporation). Comparisons of 

variables between clinically infected and 

normal contralateral sides were 
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performed using the t-test. Quantitative 

data were described using range 

(minimum and maximum), mean, 

standard deviation and median. 

Qualitative data were described using the 

number and percent. The Shapiro-Wilk 

test was used to verify the normality of 

distribution for non-parametric ones. The 

accepted level of significance in this 

work was stated at 0.05 (Probability 

value [P-value] <0.05 was considered 

significant). Sensitivity, specificity, 

accuracy, positive predictive value 

(PPV), and negative predictive value 

(NPV) were calculated by comparing the 

PET results to pathology.  

Results 

The present study included 18 patients. 

They were 16 males and two females 

with age group ranged between 7-73 

years (mean = 40.83 ± 17.29 years). 

Fourteen patients had septic non-union, 

one with chronic diffuse sclerosing OM 

of Garre, and three patients with aseptic 

non-union. 

In this study, the tibia was the most 

common bone affected in nine patients; 

femur was affected in seven patients, 

while fibula and subtalar joint were 

affected in one patient. 

Our study included different types of 

COM (according to Cierny classification) 

(4). We included eight patients with 

diffuse, five with localized and two with 

intramedullary COM. The most common 

cause of OM among patients was 

postoperative after surgical fixation of 

closed fractures (12 patients),while two 

patients due to history of open fracture 

and one patient had chronic diffuse 

sclerosing OM of Garre.  

Infection was clinically evident between 

2 and 60 weeks (mean = 15.81 ± 17.69 

weeks) after the date of injury.   Duration 

of infection (from date of the first 

infection till the index debridement) 

ranged from 7 to 134 months (mean = 

31.36 ± 34.5 months). With previous 

operations ranging from 0-7 times (mean 

= 2.33 ± 1.78) before index debridement.  

The PET-CT scan findings in patients 

with COM are presented in tables 1 and 

2. The mean SUV max on the affected 

side was 9.55 ± 5.22. While mean SUV 

max on the contralateral healthy side was 

1.82 ± 0.98. SUV max ratio between 

both sides was 5.93 ± 3.33. The pattern 

of FDG-uptake was diffuse in nine 

(50%), localized in seven (38.9%), and 

intramedullary in two (11.1%) patients. 

DG-uptake length was 2.85 ± 1.83. 
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Statistical comparisons between groups 

are shown in table 3. SUV max on the 

affected side was significantly higher 

than SUV max on the contralateral 

healthy side (t=7.083*, p<0.001* 95% CI 

5.427 - 10.032).  

By plotting ROC curve, the sensitivity, 

specificity, accuracy, PPV and NPV of 

SUV max on affected side were 100%, 

66.7%, 94,44%, 93.75% and 100% 

respectively in discriminating patients 

with COM from patients without COM at 

a cut-off value of 4.46 (AUC = 0.87, 

95% CI, 0.63-1.00, P= 0.05) (Figure 1). 

Table (1) Descriptive analysis of the studied cases according to PET-CT SUV max 

 

PET-CT-SUV max Range Mean Median (IQR) 

Affected side 2.1 - 21.14 9.55 ± 5.22 8.11 (5.76 - 12.72) 

Contralateral side 0.55 - 3.83 1.82 ± 0.98 1.49 (0.96 - 2.52) 

Ratio bet. both sides(SUV 

ratio) 1.81 – 16.54 5.93 ± 3.33 5.06 (3.8 - 8.19) 

 

Table (2) Distribution of the studied cases according to the description of PET-CT findings 

 

Description No. % 

Pattern of uptake Diffuse 9 50% 

 Localized 7 38.9% 

 Intramedullary 2 11.1% 

 Total 18 100% 

FDG-uptake length (cm)  Range 1 - 7.5 

 Mean 2.85 ± 1.83 

 Median (IQR) 2.25 (1.06 – 4.32) 

 

 

Table (3) Comparison between PET-CT-SUV max on the affected side and contralateral side 

 

SUV max Affected side Contralateral side T P 

95% Confidence 

Interval of the 

Difference 

      

Range 2.1 - 21.14 0.55 - 3.83 

7.083
*
 <0.001

*
 5.427 - 10.032 Mean 9.55 ± 5.22 1.82 ± 0.98 

Median 8.11 1.49 

t: Paired t-test  
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Fig 1 Receiver operating characteristic (ROC) curve shows that PET-CT-SUV max on the affected side 

can be used in discriminating patients with chronic OM from patients without chronic OM; 

 

 

Discussion 

In this study, PET-CT proved to be a 

highly sensitive tool in detecting 

COM. Additionally, it presents a three 

dimensional tool to understand and 

evaluate the distribution of infection. 

It also differentiates specially 

between soft tissue and bone 

infections.  

Guhlmann.et al (10) investigated 31 

patients suspected to have COM in 

the peripheral (n = 21) or central (n = 

10) skeleton and were evaluated 

prospectively with FDG PET. The 

results showed that overall sensitivity, 

specificity, and accuracy of PET scan 

were 100%, 92%, and 97%, 

respectively. The only false-positive 

finding was a patient with a soft tissue 

infection which on PET scan was 

assigned to the bone because of 

missing anatomical landmarks. With 

the use of PET-CT in the present 

study, the additional information 

provided by CT enabled accurate 

differentiation between osteomyelitis 

and soft tissue infection. The present 

study avoided this weak point which 

was clearly illustrated in patient 

No.15, whose PET-CT showed SUV 

max at the infected area was 6.13 in 

bone and 14.96 in the soft tissue 

around. Thus PET-CT may be used to 

differentiate between bone and soft 

tissue infections. 

The CT component provided 

complementary information relevant 

to surgical planning, which 

minimized surgical intervention. 

Furthermore, PET/CT enabled the 

surgeon to determine the precise 
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extent of resection which is illustrated 

by the distribution area and length of 

FDG uptake and helped the 

anticipation of the appropriate 

surgical approach. 

Guhlmann et al. (10) used SUV mean 

analysis of FDG uptake for 

diagnosing osteomyelitis explaining 

the resulted very high sensitivity, 

specificity, and diagnostic accuracy. 

Their mean SUV in COM zones was 

3.6 ± 2.0. In the current study, the 

analysis was based on SUV max. The 

mean SUV max in our study was 9.55 

± 5.22, which is not comparable to 

Guhlmann et al results. 

Van Vliet et al. (11) retrospectively 

studied 135 patients suspected of 

fracture-related infections. Qualitative 

assessment of 18F-FDG PET/CT 

scans showed a sensitivity of 89%, 

specificity of 80%, PPV of 74%, NPV 

of 91% and diagnostic accuracy of 

83%.  

A meta-analysis done by Wang et. al. 

(12) included seven articles.18F-FDG 

PET/CT scans for 319 patients 

showed 92.3% sensitivity and 92% 

specificity in COM diagnosis.  

Schiesser et al studied FDG PET 

scans in 22 patients suspected of 

having metallic implant-associated 

infections 14 were true-positive, 14 

were true-negative, and one was 

false-positive. Sensitivity, specificity, 

and accuracy were 100%, 93.3%, and 

97%, respectively, for all PET data; 

100%, 100%, and 100%, respectively, 

for the central skeleton; and 100%, 

87.5%, and 95%, respectively, for the 

peripheral skeleton (9).  The degree of 

overall interobserver concordance 

was high, and their study included 

soft tissue infections as well, which 

could explain the higher diagnostic 

accuracy.  

Unlike MRI and CT, FDG PET 

images do not show implant-

associated artefacts that can interfere 

with image interpretation in trauma 

patients with osteosynthetic metallic 

implants. Schiesser et al. (9) 

emphasized that FDG PET was not 

affected by artefacts from metallic 

implants used for fixation of 

fractures, which is concordant with 

previously reported studies (10, 13). 

This is consistent with the present 

study, which included seven patients 

with implants in the area of interest at 

the time of PET scan performance. 

It is well known that postoperative 

reparative tissue and fractures may 

present with increased FDG uptake 

(14,15). Increased FDG uptake 
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normalizes nearly four months after 

traumatic or surgical fractures (16). 

The healing process demonstrates 

most of the cellular components that 

are present in inflammation (17).  

Our data confirms this result as 

patient No.4 had RTA in May 2017, 

resulting in bilateral fracture 

calcaneus. The right calcaneus had an 

open fracture, and it was treated with 

no complications while the left 

calcaneal fracture was closed and 

treated conservatively resulting in 

malunion and subtalar arthritis. Then 

arthrodesis was applied and 

complicated by COM. SUV max in 

the right calcaneus was 2.61 (55.29% 

of the infected left subtalar joint 

4.72). 

Hartmann et al, (18) studied 33 

patients with trauma suspected of 

having chronic osteomyelitis. The 

infection was suspected in the axial 

and appendicular skeleton in 10 and 

23 patients, respectively. PET/CT was 

performed in 18 patients in the 

presence of metallic implants. 

Histopathology or bacteriological 

culture was used as the standard of 

reference. 

They found 17 were true positive, 13 

true negative, two false positives and 

one false negative. 18 patients had 

chronic osteomyelitis and 15 had no 

osseous infection according to the 

reference standard. Sensitivity, 

specificity and accuracy for (18)F-

FDG PET/CT was 94%, 87% and 

91% for the whole group, 88%, 100% 

and 90% for the axial skeleton and 

100%, 85% and 91% for the 

appendicular skeleton, respectively 

(18).  

The one false-positive finding was 

due to a non-union fracture of the 

femur with negative microbiological 

results. The CT component of the 

scan yielded the diagnosis of a non-

union, demonstrating prominent 

cortical bone within the marrow 

cavity (18). These data were 

consistent with the present study.  

Hartmann et al (18) used visual 

analysis for FDG uptake. Wenter et al 

used visual assessment in addition to 

SUV measurements and found 

sensitivity, specificity, and diagnostic 

accuracy of 85, 86, and 86% 

respectively (19). The visual scoring 

of FDG-uptake is less objective than 

the use of SUV max and may be more 

sensitive to inter- and even intra-

observer differences (20). In our 

study, we performed quantitative 

SUV max based analysis.  
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Wenter et al studied thirty patients 

retrospectively described as, 13 

aseptic delayed unions and 17 septic 

delayed unions. Sensitivity, 

specificity and diagnostic accuracy of 

FDG-PET/CT were 65%, 77% and 

70%, respectively with a cut-off SUV 

max set at 4.0 (19).  

In a study conducted by De Wenter et 

al (7) the overall sensitivity, 

specificity, and accuracy of FDG PET 

in detecting suspected chronic 

musculoskeletal infection of the 

appendicular and axial skeleton were 

100%, 88%, and 93%, respectively.  

The different diagnostic accuracy of 

FDG-PET/CT for detecting 

osteomyelitis of the present study in 

comparison to previous studies may 

be explained by differences in the 

patient population, sample size, 

inclusion criteria, and the different 

methods used to quantify FDG-

uptake. Our results had a sensitivity 

of 100%, while the reported 

sensitivity ranged from 65% - 100%, 

specificity of 66.7% which is a little 

pet lower than the reported specificity 

which ranged from 77% - 92%, and 

an accuracy of 94.44% while the 

reported accuracy ranged from 70% - 

97%. 

In a retrospective study done by 

Demirev et al., 26 patients were 

included. Both MRI and [18 F] FDG 

PET/CT were shown to be accurate in 

the qualitative detection of COM. 

Using the SUV max at a cut-off value 

of three gave optimal results (a 

specificity of 90% with a sensitivity 

of 88%), while the use of SUV max 

ratio gave a worse performance. This 

study also revealed that the two 

simulated imaging strategies (MRI 

and FDG PET/CT) showed no 

difference in the final diagnosis (20).  

Limitations 

 It is a retrospective study with all its 

known sources of prejudice and the 

small number of patients. To 

recommend the use of FDG-PET/CT 

as a diagnostic tool of COM, larger 

prospective studies should be 

performed.   

Conclusion 

18F-FDG PET/CT is a highly 

sensitive and specific method for the 

evaluation of chronic osteomyelitis in 

patients with or without trauma. 

PET/CT provides anatomical 

localisation and characterization of 

the infected area and has a very 

important role in preoperative 
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planning with a high degree of 

accuracy. 
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