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Abstract | The current study was carried out to identify the ability of both radiography and ultrasonography in identifying the presence of some foreign bodies in a Cadaveric calf thigh specimen. Five different foreign bodies (metal,
stone, glass, plastic and wood) were inserted separately in a freshly thawed cadaveric calf thigh muscle. Two different
imaging modalities were applied, firstly, conventional plain radiography and secondly, ultrasonography. In general,
metals, stones and glass were radiopaque. On the other hand, plastics and wooden objects could not be detected by conventional plain radiography. Meanwhile by ultrasound examination, all foreign bodies appeared as hyperechoic structure with distal artifacts. Reverberation artifacts (comet tail) appeared clearly with metal and glass materials. While,
distal acoustic shadowing was obvious in stones, plastics and wooden objects. Ultrasound in this study proved to be
brilliant for detection of radiolucent foreign bodies as plastic and wood. For radiopaque foreign bodies, ultrasound can
provide more accurate localization and also the artifact distal to foreign bodies played an important role in detecting
the nature and surface properties of these foreign bodies.
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INTRODUCTION

F

oreign bodies can be defined as any objects originating
outside the body (Eggers et al., 2007). The common
organic materials like thorns, wood and sand constitute
routine accident scene flora and comprise a large percentage of foreign bodies. These of low radiopacity make a diagnostic challenge and are routinely missed on standard
radiography (Ipaktchi et al., 2013).
Gastrointestinal foreign bodies are common surgical emergencies in veterinary medicine. Cattle as well as buffaloes
are susceptible to foreign body syndrome because they do
not discriminate against metal materials in feed and do
not completely masticate feed before swallowing (Mccurin
and Basser, 2006; Abdelaal, 2009). In small animals, balls
are easily identified sonographically because of their characteristic curvilinear interface. Linear foreign bodies pres-
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ent as bright linear interfaces, commonly associated with
shadowing and the affected bowel segment often appears
plicated (Penninck, 2008; Gomaa et al., 2012).
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 (Flom
and Ellis, 1992). However, radiolucent foreign bodies in
the soft tissue could not be detected in all cases (Kjhns et
al., 1979; Bodne et al., 1988; Graham, 2002; Venter et al.,
2005). Usually the preferred visualizing technique is conventional plain radiography for detecting foreign bodies.
Ultrasonography is helpful in visualizing suspected low
radiopaque foreign objects. Thus, Initial Radiography supplemented by ultrasonography improve the detection rate
of foreign bodies (Panigrahi et al., 2015).
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Ultrasonography has been previously described as a sensitive technique for identifying foreign objects that are not
radiographically visible. However, the diagnostic accuracy
is variable because sonography is highly operator dependent. Foreign objects may also be obscured when they are
surrounded by bone, air, dense fibrous tissue, or other tissue interfaces (Flom and Ellis, 1992; Manthey et al., 1996;
Boyse et al., 2001; Holmes et al., 2005).
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specimen containing all foreign bodies of the same materialat the same time to compare their radiopacity using Toshiba Rotanode (POX-300 BT, Japan) radiographic machine
with an exposure factors of 65 KV and 6.3 mA.s. Concerning ultrasonography, esaote MyLabOne Vet, Netherlands
with linear transducer 7.5 MHz machine was used. Each
foreign body was lodged in the thigh muscle and imaged
alone. Finally, interpretation of the resulted image was done.

Non-opaque foreign bodies are visualized sonographically
as hyperechoic foci with distal acoustic shadowing (Peterson et al., 2002). This shadow may be either complete or
partial depending on angle of examination and composition of the foreign body (Anderson et al., 1982).
Ultrasonography has been introduced as an adjunct to the
conventional plain radiographs for detecting and removing both radiopaque and radiolucent foreign bodies in
soft tissue wounds (Turner et al., 1997; Blankenship and
Baker, 2007). Ultrasound technique uses a high-frequency
transducer to penetrate soft tissue for the localization and
evaluation of foreign bodies (Boyse et al., 2001; Mills and
Butts, 2009). By scanning the tissue in both longitudinal
and transverse orientations, bright hyperechoic foci can be
visualized indicating the presence of wooden, glass, and
metal foreign bodies (Boyse et al., 2001).
Numerous studies were conducted on the topic of gastrointestinal foreign bodies but there was a lack in researches
concerned soft tissue foreign bodies.

Figure 1: A cadaveric calf thigh specimen with the black
line showed the seat of incision

RESULTS

Metals were clearly detected by both radiography and
ultrasonography as radiopaque structures and hyperechoThe purpose of this study was to determine the difference ic (white) objects accompagnied with distal reverberabetween radiography and ultrasonography in detecting dif- tion(comet tail) artifact, respectively (Figure 2).
Stones appeared as less radiopaque objects than metals.
ferent foreign bodies in a cadaveric calf thigh specimen.
In ultrasonographic image, hyperechoic objects were detected with either clean distal shadowing (irregular surface
MATERIAL AND METHODS
stones) or reverberation artifacts (stones with smooth and
Five different materials made up of metal, stone, glass, flat surfaces) (Figure 3).
plastic and wood were included. These foreign bodies were Glass was clearly detected as less radiopaque structure than
lodged separately in the thigh muscles of a freshly thawed metal (Figure 4B). Ultrasonographically, they appeared as
calf hind limb after creating an incision of 5 cm length and hyperechoic curvilinear objects with reverberation artifacts
in case of glass balls and hyperechoic line with reverbera2 cm depth (Figure 1).
tion artifacts in case of glass piece (Figure 4).
The metal objects included are Key, nails, and magnet, Plastics were not detected radiographically except a faint
While, stones varied from smooth and rough surfaces radiopaque lines in case of a hose piece. During ultrasound
stones and irregular and rectangular stones. Glass materials examination, the plastic were readily apparent as hyperewere a piece of glass and large and small glass balls. Plastics choic curvilinear shapes in transverse scanning of tubular
included were stiff tubules, irregular shaped plastic and a stiff plastic and a hose piece with clean distal shadowing.
hose piece. Finally, wooden objects were a piece of wood, Irregular shaped plastic appeared as hyperechoic irregular
structure with dirty distal shadowing (Figure 5).
pencil fragment and a date pit.
By radiography, wooden objects were not detected except
Two different imaging modalities, conventional plain ra- a faint radiopaque line in case of a pencil fragment that
diography and ultrasonography, were used to detect and contained graphite inside. During ultrasound examination,
specify the type of foreign body inserted in the thigh mus- the wood was readily apparent as hyperechoic structures
cle. Lateromedial radiographic view was taken for the thigh with clean distal shadowing (Figure 6).
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Figure 2: The metallic foreign bodies

A: Photograph shows the different metallic objects (Key, nails, magnet) before being placed in a cadaveric calf thigh specimen; B:
Lateromedial radiograph shows radiopaque metallic foreign bodies; C, D, E, F: Ultrasound images reveal hyperechoic metallic
objects (arrows). Note reverberation (comet tail artifact distally) (arrow heads).

Figure 3: The stone foreign bodies

A: Photograph shows the different stone objects (smooth and rough surfaces and irregular and rectangular stones) before being
placed in a cadaveric calf thigh specimen; B: Lateromedial radiograph shows radiopaque stone foreign bodies; C: Ultrasound image
reveal hyperechoic stone object (arrow). Note reverberation (comet tail artifact distally) (arrow heads); D, E: Ultrasound images
reveal hyperechoic stone objects (arrow). Note posterior acoustic shadowing (arrow heads) with minimal reverberation artifact.

DISCUSSION
Identifying the various types of foreign bodies requires
an understanding not only of the properties of X-ray and
ultrasound but also of the properties of the object itself.
The appearance of foreign bodies varies with the shape and
density of the material. In general, metal, stone, glass were
clearly detected radiographically as radiopaque structures.
Different foreign bodies exhibit different physical properties when displayed via different visualization techniques.
A foreign body might be overlooked with one method and
successfully detected with another (Oikarinen et al., 1993;
Eggers et al., 2005; Mills and Butts, 2009).

is visible on the image or not, and whether its size can influence the intensity and dimensions on imaging or not
(Eggers et al., 2007).
Radiography, the traditional method of confirming foreign bodies, can make precise localization difficult because it yields limited information on the depth and
orientation of the object. If a foreign body is composed
of non-radiopaque material such as wood or plastic, it
may not be evident in plain radiographs at all (Mills and
Butts, 2009). In contrast to ultrasound examination of
wood and plastic, they appeared hyperechoic with clean
distal acoustic shadowing as that appeared in this study.

In the current study, a non-radiopaque foreign body did The ultrasound artifact occurring deep to a foreign body
not produce a signal on X-ray as wood and plastic. Hence, depends primarily on its surface attributes rather than its
the composition of a foreign body determines whether it composition. Smooth and flat surfaces produce dirty shad
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Figure 4: The glass foreign bodies

A: Photograph shows the different glass objects (large and small glass balls and a piece of glass) before being placed in a cadaveric calf
thigh specimen; B: Lateromedial radiograph shows radiopaque glass foreign bodies; C, D, E: Ultrasound images reveal hyperechoic
glass objects (arrows). Note reverberation (comet tail artifact distally) (arrow heads).

Figure 5: The plastic foreign bodies

A: Photograph shows the different plastic objects (stiff tubule, irregular shaped and hose piece plastic) before being placed in a
cadaveric calf thigh specimen; B: Lateromedial radiograph does not show plastic foreign body except faint radiopaque lines of the
hose piece (arrows); C, D, E: Ultrasound images reveal hyperechoic plastic objects (arrows). Note the marked clean distal acoustic
shadowing (arrow heads) in (C, E) while in (D) irregular shaped plastic appeared as hyperechoic irregular structure with dirty distal
shadowing.

Figure 6: The wooden foreign bodies

A: Photograph shows the different wooden objects (a piece of wood, pencil fragment and a date pit) before being placed in a
cadaveric calf thigh specimen; B: Lateromedial radiograph does not show wooden foreign body except in case of a pencil fragment
appeared as centrally radiopaque, which represents graphite (arrow) and surrounding radiolucent area represents wood; C: Ultrasound
image reveal hyperechoic wooden object (arrow). Note the marked clean distal acoustic shadowing (arrow heads); D, E: Ultrasound
images reveal hyperechoic wooden objects (arrows). Note the marked clean distal acoustic shadowing (arrow heads) with minimal
reverberation artifact.
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owing or reverberation artifact, whereas irregular surfaces
and those with a small radius of curvature produce clean
shadowing. Metal and glass often demonstrate reverberation due to their flat surfaces. However, a flat surface not
imaged perpendicular to the ultrasound beam may not
produce reverberation, as was noted with a glass foreign
body and a hypodermic needle. Some foreign bodies produce both clean and dirty shadowing (Rubin et al., 1991;
Bray et al., 1995).
Comet tail artifact is a form of reverberation; therefore it
has the same production basis, and repeated trips between
the transducer and two reflective surfaces (Méndez Garrido et al., 2013).
A pencil fragment containing graphite as a radiopaque
material was examined on radiography, appeared centrally radiopaque, which represented the graphite, surrounded
by the more radiolucent wood. On ultrasound, the pencil
was hyperechoic and showed complete posterior shadowing; the same result was obtained on the pictorial essay of
(Horton et al. 2001).
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ing radiation. Ultrasound is the study of choice for detection of radiolucent foreign bodies as plastic and wood. For
radiopaque foreign bodies, ultrasound can provide more
accurate localization and the artifact distal to foreign bodies played an important role in detection the nature and
surface attributes of such foreign bodies.
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CONCLUSION
Ultrasonography is a useful imaging modality in the diagnosis of different foreign bodies without the risk of ioniz-
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