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Abstract

Background and Objective: Detection of radiolucent soft‑tissue foreign bodies is a challenging problem, which is especially further 
complicated when retained foreign body is highly suggested by clinicians but radiography is negative. So, blind exploration is 
sometimes hazardous for patients. The purpose of this study was to determine the accuracy of ultrasonography (USG) in detecting 
radiolucent soft‑tissue foreign bodies in the extremities. Materials and Methods: From November 2011 to January 2012, patients 
with clinically suspected radiolucent soft‑tissue foreign body and negative radiography were evaluated by USG with a 12‑MHz linear 
array transducer. The patients with positive clinical and USG examination were included in our study and underwent exploration or 
USG removal. Results: Fifty‑one patients underwent foreign body removal under ultrasonography‑guided or surgical exploration 
and 47 patients had foreign body (31, 12, 3, and 1 case had thorn, wood, glass, and plastic, respectively). Ultrasound was positive 
in 50 patients. USG falsely predicted the presence of foreign body in four cases and was falsely negative in one of the cases. 
Accuracy, sensitivity, and positive predictive value were determined as 90.2%, 97.9%, and 92%, respectively. Conclusions: The 
real‑time high‑frequency USG is a highly sensitive and accurate tool for detecting and removing radiolucent foreign bodies which 
are difficult to be visualized by routine radiography.
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Introduction

Penetrating foreign bodies are common in patients visiting 
emergency departments.[1,2] Due to the vast abundance 
of palm tree fields in southern Iran, the probability of 
entrance of palm tree splinters as a radiolucent foreign 
body in the extremities, especially the sole of the foot, is 
high. The missed foreign body may remain asymptomatic 
for prolonged periods or else lead to a wide range of 
complications including pain, abscess, chronic discharging 
wound, necrotizing fasciitis,[3,4] bone and joint destructive 

lesions,[5] granulomas,[6] with impairment of tendon mobility 
or triggering of digits,[7] migration,[8] delayed tendon 
ruptures,[8,9] neurodeficits,[7,10] pyogenic granulomas,[11] and 
vascular events.[12,13] Errors in preoperative localization 
may lead to prolonged operational and massive soft‑tissue 
injury.[14] A missed foreign body is found to be the second 
leading cause of lawsuits against emergency doctors.[15] 
Such foreign bodies may remain undetected even after 
exploration.[16‑19] In the literature, depending upon the 
nature of the foreign body and the available facilities, 
various modalities of imaging are recommended for 
diagnosis and localization.

Traditionally, plain radiographs have been the first 
modality of choice for the diagnosis of foreign bodies. It 
is well documented that plain radiographs are successful 
in detecting radiopaque foreign bodies in the soft tissue.[20] 
However, non‑radiopaque foreign bodies in the soft tissue 
could not be detected in all cases.[21‑24] If a non‑radiopaque 
object cannot be visualized on plain radiographs, 
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alternative imaging techniques such as USG, computed 
tomography, and magnetic resonance imaging have been 
suggested.

Materials and Methods

From November 2011 to December 2012, patients 
with clinically suspicious soft‑tissue foreign body and 
negative radiography were referred to a radiologist for a 
soft‑tissue sonographic examination and localization of 
the foreign body. All the radiographs were reviewed by 
the radiologist. The patients with positive sonographic 
examination were referred for surgical exploration 
or USG‑guided removal. USG scans were done in the 
sagittal, coronal, and axial planes. High‑frequency  (12 
MHz) transducer was used for better spatial resolution. 
After detecting the soft‑tissue foreign body by USG, the 
next step was characterizing the size, location, depth, 
relationship, and orientation of the foreign body to other 
structures such as muscle, tendon, bone, and vessels. After 
that, foreign body removal was carried out by direct USG 
vision or by surgical exploration.

Statistical analysis
The overall percent values of accuracy, sensitivity, 
specificity, positive predictive value (PPV), and negative 
predictive value  (NPV) were derived for each of the 
patients. The difference between sensitivity and specificity 
for each patient was tested for significance using 
McNemar’s test of symmetry. The data were analyzed 
using SPSS 16.0.

Results

Fifty‑one patients underwent foreign body removal under 
USG‑guided removal or surgical exploration. Forty‑one 
patients (80.4%) were males and 10 patients (19.6%) were 
females. Mean age of the patients was 24.95 ± 13.4 (range 
1.5-53 years). Duration of the patients’ complaint was from 
1 day to 5 years, while in 50% of cases, it was less than 
a month. Predominant chief complaints of the patients 
were: foreign body sensation in 24  (47.1%), discharging 
wound in 15  (29.4%), and pain in 12  (23.5%) cases. Ten 
cases (19.5%) had a history of surgical exploration without 
the use of USG examination, which had no foreign body 
detected. On USG scan, 100% of the foreign bodies were 
echogenic. Also, 19  (38%), 16  (32%), and 14  (28%) cases 
had posterior acoustic shadowing (PAS), hypoechoic halo, 
and collection around a foreign body, respectively. USG 
revealed a foreign body in 50  patients  [Table 1]. All the 
patients underwent surgical exploration or USG‑guided 
removal, and in 46 patients, a foreign body was successfully 
removed  [Table  2]. One patient with a negative USG 
examination who was symptomatic and did not respond to 
medical therapy was explored surgically and a 7‑mm thorn 
was removed. USG was falsely positive in three cases with 

recent failed surgical manipulation due to the presence 
of air bubbles and scar tissue, as well in as one case with 
calcified granuloma.

Foreign bodies were thorn, [25] wood,[12] glass,[3] and 
plastic[1] [Table 3, Figures 1‑3]. The sites of the foreign bodies 
were foot,[26] hand,[9] leg,[6] arm,[3] forearm,[2] ankle,[2] wrist,[1] 
knee,[1] and thigh.[1] The size of the foreign body was from 
4 to 51 mm, while in 50% of cases, the size of the foreign 
body was more than 13 mm.

Figure 1: A nine years old boy with discharging wound of right knee. 
Foreign body is not visible in the radiograph but it appears as an 
echogenic linear structure (arrow) with hypoechoic halo in USG. 
Surgical exploration revealed a 38 mm thorn (arrow)

Table 3: Nature of the foreign body

Nature Number (%)
Thorn 31 (60.8)

Plastic 1 (2)

Wood 12 (23.5)

Glass 3 (5.9)

Calcified granuloma 1 (2)

Table 1: Ultrasonographic results of the patients who were 
explored for the foreign body

Number Percent
Negative 1 2

Positive 50 98

Total 51 100

Table 2: Surgical results

Number Percent

Negative 4 7.8

Positive 47 92.2

Total 51 100
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The accuracy, sensitivity, and PPV of this study were 90.2%, 
97.9%, and 92%, respectively.

Discussion

Conventional radiographs should be obtained to rule out 
the presence of radiopaque foreign objects. Radiopaque 
material is usually easy to detect, but radiolucent bodies 
like wooden splinters are difficult to detect and usually 
missed.[26] The missed foreign bodies may produce 
immediate symptoms like wound infections or may remain 
asymptomatic for even decades.[27]

In this study, all the standard radiographs were negative 
and this is comparable with the study results of Anderson 
et  al.[27] and Matthew et  al.[28] which showed that only 
15% and 7% of radiolucent foreign bodies appeared in 
radiographic studies, respectively. This study suggests that 
USG is a highly sensitive and accurate modality in detecting 
radiolucent foreign bodies that are difficult to be visualized 
on standard radiographs.

Chad et  al.[29] reported overall sensitivity and PPV of 
52.6% and 79.9%, respectively, for USG in the detection 
of foreign body. This was a cadaveric study that may not 
have optimally represented live human tissue. Furthermore, 
in this study, USG was done by emergency physicians in 
training; on the contrary, in our study, it was done by an 
expert radiologist. In Ibrahim Turkcuer et al.’s[30] study, the 

overall sensitivity and PPV of USG in detecting radiolucent 
foreign body was 90% and 81%, respectively; however, 
as compared to our study, this was an in  vitro study. 
Furthermore, it was a classic study with use of same size 
and shape wood and rubber foreign bodies in chicken thighs 
as compared to our study with foreign bodies of different 
size, shape and type in live human cases.

The accuracy, sensitivity, and PPV of USG determined by a 
radiologist in detecting radiolucent foreign body were 83%, 
83%, and 83% in Michael Orlinsky et al.’s study.[31] Similar 
to the previous studies, this was a non‑human study and 
they used chicken thighs that are not exactly the same as 
human tissues.

Our study results are similar to those of Gilbert and 
Campbell’s study[25] that detected foreign bodies by USG 
in 24 patients  (21 true positive and 3 false positive). The 
sensitivity of USG in this study was 95.4%. In our study, the 
sensitivity was 97.9%. In the Gilbert and Campbell’s study, 
wood was the most common foreign body; however, in our 
study, thorn was most common.

Compared to other studies, we revealed a higher accuracy 
and sensitivity for USG in detecting radiolucent foreign 
bodies. If high‑resolution USG is available, we recommend 
it as the first imaging modality for evaluating the patients 
with clinically suspicious radiolucent foreign body because 
of its availability, high sensitivity, and absence of radiation. 
In patients with history of soft tissue foreign body and 
negative radiography, we recommend USG as the most 
important diagnostic tool before discharging patients. USG 
gives important information about the size, depth, and 
relationship of foreign bodies to other structures such as 

Figure 2: A 32-year-old male with a history of foreign body in the 
leg and negative radiography and failed surgery (arrow), referred 
for USG; finally, an echogenic linear structure of 12 mm in length 
was detected (arrow) and then a 12 mm thorn removed under USG 
guidance (arrow)

Figure 3: An 18 year old female was referred with focal swelling of 
right foot since two month ago (arrow); furthermore, USG showed an 
echogenic linear foreign body (arrow), and surgical exploration revealed 
a 23 mm thorn (arrow)
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vessels and tendons and makes exploration easier for the 
surgeon.[2] Furthermore, an important advantage of USG 
is the possibility of real‑time guided removal of foreign 
body under sterile condition, and due to its safety and less 
complication rate, it may replace surgical exploration.

In this regard, USG was not only used as a diagnostic 
modality for detecting foreign bodies, but also in more 
than 30  (58.8%) cases, a foreign body was removed by 
USG-guidance without short or long‑term complication. 
In our study, USG‑guided removal of foreign body 
prevented extensive dissection in comparison to surgical 
exploration. Furthermore, the size and depth of the incision 
were decreased by USG‑guided removal and the patient’s 
comfort level was excellent.

In this study, one of the cases was missed by sonographic 
evaluation because of vertical orientation of the foreign 
body near the knee joint, which made it impossible to 
detect the length of foreign body in the axial and sagittal 
scan. In this circumstance, if scanning in the coronal or 
oblique planes was done precisely, it may be revealed. 
So, a combination of axial, sagittal and coronal scans, if 
needed, oblique scans are recommended for identifying 
soft‑tissue foreign bodies and to avoid missing them in 
highly suspicious cases.

Also, USG was falsely positive in four cases. Three of them 
had history of previous failed surgical exploration. Air 
introduced in the soft tissue by surgical exploration, as well 
as scar tissue due to the exploration mimicked the foreign 
body and they were the causes of false‑positive results. So, 
in the cases with history of soft‑tissue manipulation before 
sonographic examination, the accuracy and sensitivity of 
USG seems to be decreased, and in this situation, care must 
be taken to avoid pitfalls.

Real‑time high‑frequency USG is a highly sensitive and 
accurate tool for detecting and removing the radiolucent 
foreign bodies, which are difficult to be visualized by 
routine radiography.
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