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Introduction  

Blast injuries to the face can cause functional and 

aesthetic damage to victims1. These injuries cause 

fractures, crushing, or loss of part or all the bone. 

In the treatment of these patients, wound 

debridement from foreign bodies and necrotic 

tissues should be performed2. The healthy bones are 

then returned to their original location and fixed, 

and eventually, the lost tissue is rebuilt. Knowledge 

of effective imaging methods to determine the 

metallic foreign bodies is essential to better manage 

patients with trauma injuries3.  

Any object with a foreign source that penetrates the 

body is known as a foreign body. Trauma is one of 

the prominent causes of morbidity and mortality 

among young people in the world4.  Moreover, 

trauma injuries such as motor vehicle accidents and 

gunshots injuries are known as the common causes 

of traumatic foreign body injuries. In terrorist 
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attacks and war, people are more at risk of foreign 

body injuries5. 

According to the type of trauma events, the 

materials, model, and position of the foreign body 

can change. Foreign bodies in the soft tissues of the 

maxillofacial region are prevalent such as metal 

objects, wooden sticks, stone particles, pieces of 

glass, or sands6. 

Studies reported pain, infection, discomfort, 

swelling, inflammation, cellulitis, tenderness, and 

abscess as the main foreign body complications. 

Also, movement of the foreign body to distant 

regions and damage to the vessels or nerves is 

possible complications7-8. 

However, patients with foreign bodies must be 

funded and treated for any potential complications. 

Evaluating a specific history, clinical assessment, 

and imaging are recommended for foreign body 

detection9. 

Various imaging methods such as panoramic 

imaging, CBCT, CT, MRI, and ultrasonography 

have been used for the exposure and localization of 

foreign bodies. Imaging modalities depend on the 

type of foreign bodies, injuries, locations of 

injuries, and cause of injuries can demonstrate 

different effectiveness to detect foreign bodies. 

Advanced imaging in different situations can 

promote the detection of foreign bodies10-12. 

The study aimed to evaluate of visibility of jaw 

bone particles adjacent to metallic foreign bodies 

related to the explosion in the maxillofacial region 

by the panoramic view, CT, CBCT, and the US.  

Methods 

Ten fresh sheep’s head was used in this in vitro 

study. Iron metal foreign objects and mandibular 

bone with dimensions of 1×10×10 mm, 1 ×5×5 

mm, and 1×3×3 mm were provided to be used in an 

infraorbital area on the right side (Fig. 1). 

Once an iron object with the dimension of 1 

×10×10 mm was placed at the center by 10 mm 

incision and 10mm depth. Then, nine parts of the 

mandibular bone with the dimensions of 1×10×10 

mm, 1×5×5 mm, and 1×3×3mm (3 sets of each) 

were placed 5,10,20 mm adjacent to metallic 

foreign bodies, upper (cephalic) and lower (caudal) 

and posterior, respectively (Fig. 2).  

The same steps were done for 1×5×5 mm, and 

1×3×3 mm iron metals at the center for each 

modality. 

 
Figure 1: Iron metal foreign objects and mandibular bone with 

dimensions of 1×10×10 mm, 1 ×5×5 mm, and 1×3×3 mm. 

 

Panoramic (instrumentarium, Germany), CT 

(Siemens, Germany), CBCT (Planmeca, Finland), 

and US (GE, USA) were used. Panoramic imaging, 

computed tomography, cone-beam computed 

tomography, and Ultrasonography were obtained 

and observed by an oral and maxillofacial 

radiologist and a general radiologist.  

According to the visibility of the foreign body on 

each image, a qualitative numerical score includes 

the good, bad visibility, and invisible. The 

explanations for these definitions were as good 

visibility: The metallic foreign and the borders of 

the iron body were visible. Bad visibility: No 

details and frames were not visible, invisible: The 

metallic foreign body was not visible. Also, the 

count of bones was recorded. USs and CTs were 

assessed by two general radiologist specialists 

separately. For determining the validity of 

observations between them, the Cohen's Kappa 

coefficient (K) was calculated for the agreement 

rate; and, for measuring the reliability of 

observations, all USs and CTs were again observed 

and scored by each general radiologist specialist 

two weeks after their primary monitoring, and ICC 

(Intraclass Correlation Coefficient) was calculated 

for each. CBCT and Panoramic were assessed by 
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two maxillofacial radiologist specialists, 

separately; the same processes of validity and 

reliability measurements for observations of the 

general radiologist specialists were repeated for the 

maxillofacial radiologist specialists.  

 

Data were analyzed using SPSS-20 and described 

by mean, standard deviation, frequency, and 

percent. Mann- Whitney and Fisher exact tests were 

used to compare data between groups. A significant 

level for all tests was considered P-Value less than 

0.05. 

 
Figure 2: Nine parts of the mandibular bone with dimensions of 1 
×10×10 mm,1 ×5×5 mm, and 1×3×3 mm (3 sets containing all sizes) 
were placed 5 mm adjacent to metallic foreign body at the superior, 
10mm at the inferior and 20mm at the posterior. 

 

 

Results 

       The assessments of each general and 

maxillofacial radiologist specialist were of high 

reliability (ICC>0.80). In addition, the assessments 

between general radiologist specialists (K=0.81) 

and maxillofacial radiologist specialists (K=0.85) 

had good validity (the agreement rate between their 

assessments was high). 

CBCT and CT had good visibility in detections of 

bone particles adjacent to metallic foreign bodies.  

There were no significant differences between 

CBCT and CT regarding detections of bone 

particles adjacent to metallic foreign bodies 

(8.56±1.54 and 8.46±2.15 and P=0.56). All 10 

cases had good visibility on CT and CBCT; the 

difference between Panoramic view and US with 

CT, CBCT was significant (P < 0.001) (Fig. 3 and 

Table 1). 

All 10 cases had poor visibility on US and 

Panoramic view. Panoramic view and US poor 

visibility in detections of bone particles adjacent to 

metallic foreign bodies (Fig. 4). The mean of 

number bone detection in Panoramic view method 

was 3.47±1.41 and in US was 4.06±1.74 (P=0.23) 

(Table 1).  

There were significant differences between 

Panoramic view and US with CBCT and CT 

regarding detections of bone particles adjacent to 

metallic foreign bodies (P<0.001).  

The results were the same regarding distances of 

bones to metallic foreign bodies. 

 

 
Table 1: Assessment of detection of different foreign Bodies and 

nine part of bone by Panoramic view, CT, CBCT and US 

Items Bones, 

mean±SD 

Metal 

Good  bad Invisible 

Panoramic 

view 

3.47±1.41 10 

(100.0%) 

--- --- 

CT 8.46±2.15 10 

(100.0%) 

--- --- 

CBCT 8.56±1.54 10 

(100.0%) 

--- --- 

US 4.06±1.74 ---     10 

(100.0%) 

--- 

All ten iron FBs had poor visibility in US. 

However, the ten iron samples had good visibility 

on CT and CBCT. There was no significant 

difference between Panoramic view, CT, and 

CBCT (P= 0.86). There was a significant difference 
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between CT, CBCT, and Panoramic view with US 

(P <0.001) (Fig 5 and 6). 

 

Figure 3: CT scans the head of the sheep. Artifact Due to the metal 

foreign body makes some limitations in detection of a bone particle 

but still detectable. In this cut, bone particles and metal objects are 

visible. 

 

Figure 4: Panoramic view of sheep’s head. The metal foreign body 

is visible, but only three bone particles are visible in this view, 

especially particles that are not superimposed on jaw bone or teeth. 

 

 
Figure 5: CBCT view of sheep’s head. Bone particles and metal 

objects are easily detectable. Some metal artifact is present. 

 
Figure 6: US of the metal foreign body. Two Foreign bodies are 
detectable in this picture. Emphysema artifacts and distinguishing 
metal from bone particles make US challenge in the detection of 
foreign bodies. 

Discussion 

The accurate locale detection of penetrated foreign 

bodies is essential for the appropriate treatment of 

maxillofacial trauma injuries13. A suitable imaging 

modality can improve the quality of detection and 

the prevention of severe consequences14-16. 

CT was recommended as a conventional method 

for detection of foreign bodies in the maxillofacial 

region, as it distinguishes material by measuring 

HU values, specifically localizes objects, and 

accurately reconstructs the shape and size of 

purposes, all of which support the surgical 

treatment of foreign bodies17-23. 

CT has side effects, including an extreme radiation 

dose and extensive metal artifacts, which is a 

particular dilemma when identifying small metal 

targets13, 18, 23. 

CT can be replaced by CBCT as the initial imaging 

modality for many 3-dimensional maxillofacial 

investigations because of its applicability, more 

moderate radiation dose, a flexible range of 

landscape, some metal artifacts, and higher 

accessibility in the dental application. Abdinian et 

al. (2018) showed CBCT to be the most reliable 

method for identifying foreign bodies, followed by 

US and panoramic radiography14. Also, Shokri et 
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al. (2017) informed sensitivity rate of CBCT was 

better than US and MRI methods25. Another study 

in 2016 reported CT, CBCT, US, and MRI for 

detecting foreign bodies in the maxillofacial area27 

declared US method as the primary choice in the 

superficial soft tissues, CBCT, and CT was suitable 

for locating foreign bodies that profoundly entered 

the tissues or were located under the bone. 

Shishvan et al. (2018), in the in vitro study on 

panoramic radiography, CT, CBCT, MRI, and 

ultrasonography, showed CT and CBCT as the 

most effective imaging modality for identifying 

various foreign bodies in the maxillofacial region28. 

Abdolvardi et al. (2020) showed CBCT as CT can 

be applied for detecting foreign bodies of various 

compositions except for plastic particles and sizes 

in the different maxillofacial areas17. In agreement 

with previous studies in the present study16, 17, 18. 

CT and CBCT for metal were of higher quality to 

compare US and panoramic view. CBCT and CT 

have more prominent spatial resolution than other 

imaging modalities, making them great for 

visualizing tiny things27. 

The spatial resolution is pointed to the capacity of 

an imaging system to visualize an object with high 

distinction and restricted by pixel and voxel size in 

CT and CBCT methods. Tiny foreign bodies are 

more suitable to fill pixels or voxels partially, 

making them less detectable14, 16. 

Kaviani et al. (2014) assessed the diagnostic 

accuracy of CT and CBCT for the detection of 

foreign bodies. They revealed that except for wood, 

all foreign bodies were apparent on both CT and 

CBCT imaging modalities28. 

US is not suggested to the assess foreign bodies 

positioned adjacent to hard tissues, such as bone, or 

within air-filled cavities, such as the nasal cavity 

and sinuses17. Regarding its lower patient radiation 

dose and cost, CBCT as CT can be used with almost 

equal accuracy for the foreign bodies detection of 

different sizes. 

 

 Conclusion 

 The results indicated that CBCT and CT are 

effective methods as the first option in detecting 

bone particles adjacent to metallic foreign bodies in 

the infraorbital area of the Maxillofacial Region. 
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