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number of items that were visible then to identify the 
shape of each item and describe it to a study investi-
gator who recorded all responses. Overall inter-rater 
reliability was analyzed using percent agreement and κ  
coefficient. We calculated P  value to assess the prob-
ability of error involved in accepting the κ  value.

RESULTS: Fourteen objects were radiographed including 
12 original objects and 2 duplicates. The model’s valid-
ity was supported by clear identification of a radiolucent 
paperclip as a positive control, and lack of identification 
of plastic beads (negative control) despite repeated in-
clusion. Each radiologist identified 7-9 of the 14 objects 
(mean 8, 67%). Six unique objects (50%) were identi-
fied by all radiologists and four unique objects (33%) 
were not identified by any radiologist (plastic bead, 
Lego™, plastic triangle toy, and barrette). Identifica-
tion of objects that were not present, false-positives, 
occurred 1-2 times per radiologist (mean 1.4). An ad-
ditional 17% of unique objects were identified by less 
than half of the radiologists. Agreement between radi-
ologists was considered almost perfect (kappa 0.86 ± 
0.08, P  < 0.0001).

CONCLUSION: We demonstrate potential non-identifi-
cation of commonly ingested non-metal FBs in children. 
A registry for radiographic visibility of ingested objects 
should be created to improve clinical decision-making.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.

Key words: Foreign bodies; X-rays; Pediatrics; Radio-
graphic phantom; Diagnostic imaging 

Core tip: Foreign body (FB) ingestion is very common in 
children and results in numerous visits for acute medi-
cal evaluation. X-ray identification of FB location and 
retention is used to guide management decisions in-
cluding performance of additional imaging studies or FB 
retrieval. We investigated whether non-metal FB were 
visible on X-ray using a radiographic phantom. Our 
results show that expert radiologists are potentially un-
able to identify ingested non-metal foreign bodies. Cre-
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Abstract
AIM: To determine the utility of X-ray in identifying 
non-metallic foreign body (FB) and assess inter-radiolo-
gist agreement in identifying non-metal FB. 

METHODS: Focus groups of nurses, fellows, and at-
tending physicians were conducted to determine com-
monly ingested objects suitable for inclusion. Twelve 
potentially ingested objects (clay, plastic bead, crayon, 
plastic ring, plastic army figure, glass bead, paperclip, 
drywall anchor, eraser, Lego™, plastic triangle toy, and 
barrette) were embedded in a gelatin slab placed on 
top of a water-equivalent phantom to simulate density 
of a child’s abdomen. The items were selected due to 
wide availability and appropriate size for accidental 
pediatric ingestion. Plain radiography of the embedded 
FBs was obtained. Five experienced radiologists blinded 
to number and types of objects were asked to identify 
the FBs. The radiologist was first asked to count the 
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ation of a database to catalogue X-ray characteristics of 
ingested non-metal objects would enable clinicians to 
improve quality of care by reduction of false-negative 
tests and prevention of unnecessary procedures. 

Saps M, Rosen JM, Ecanow J. X-ray detection of ingested non-
metallic foreign bodies. World J Clin Pediatr 2014; 3(2): 14-18  
Available from: URL: http://www.wjgnet.com/2219-2808/full/
v3/i2/14.htm  DOI: http://dx.doi.org/10.5409/wjcp.v3.i2.14

INTRODUCTION
Foreign body (FB) ingestion in children was reported to 
United States poison control approximately 100000 times 
in 2010[1]. In children, the ingestion of  FB is frequently 
not witnessed[2]. Unwitnessed FB ingestion poses a di-
agnostic challenge with important therapeutic implica-
tions[3,4]. Children are often too young or frightened to 
provide a reliable history. Children can remain asymp-
tomatic despite ingestion of  a potentially harmful FB. 
Even in the asymptomatic child, retention of  an ingested 
FB may necessitate removal depending on type, location, 
or size. To solve this diagnostic and therapeutic challenge, 
physicians usually obtain X-ray studies (XR)[5]. XR is in-
strumental in cases of  metal objects, however its utility is 
limited in cases of  non-metal objects of  unknown visibil-
ity. Despite limitations, XR is widely recommended as an 
initial diagnostic tool due to disadvantages of  other imag-
ing techniques (magnetic resonance imaging, computed 
tomography, and ultrasound) including cost, radiation 
exposure, and expertise/equipment required for perfor-
mance and interpretation.

Although button batteries[6] and magnets[7] appro-
priately receive attention in the media and scientific lit-
erature because of  harmful, sometimes fatal, ingestions, 
other objects also present significant risks. Case reports 
identify ingested non-metal materials including a plastic 
toy[8], pencil[9], tape[10], bottle cap diaphragm[11], ballpoint 
pen[12,13], toothbrush[14], eel vertebrae[15], twig[16] and other 
unusual objects[17,18] that may not be readily identifiable 
with routine XR. Ingestion of  plastic toys can lead to 
intestinal obstruction[19] or other toxic effects of  chronic 
retention due to plastic constituents[20]. Intestinal perfo-
ration also may result from ingestion of  non-metal ob-
jects[21,22].

Confronted with the uncertainty of  a possible FB, 
providers cannot make an informed and efficient deci-
sion. The provider may opt to rely on an XR result that 
provides false reassurance and potentially leads to other-
wise preventable morbidity. Alternatively, the practitioner 
may distrust XR results and perform unnecessary diagnos-
tic tests (i.e., endoscopy) with increased risk to the child. 
Instruction of  parents to screen or strain the child’s stools 
for FB passage is inconvenient and may raise parental 
and child anxiety. 

Despite high frequency of  FB ingestion and impor-
tance of  diagnostic radiography in guiding therapy, there 

are only case reports describing ability of  XR to detect 
specific non-metallic FBs. Increased understanding of  
XR utility in diagnosis of  non-metallic FBs is an initial 
step to improve clinical care. We conducted a study as-
sessing non-metallic FB identification by XR.

MATERIALS AND METHODS
The primary aims of  our descriptive study were to as-
sess the ability of  radiologists to detect non-metallic FBs 
through radiography and to determine the inter-rater 
agreement of  detection. A secondary aim of  our study 
was to create an easily reproducible model to assess vis-
ibility of  ingested FB in children. Phantoms are frequent-
ly used for calibration and testing of  imaging devices in 
radiology departments. For the purpose of  this study we 
custom designed a water-equivalent phantom (WEP) to 
model the density of  the child’s body. WEPs are compos-
ite materials that allow simulation and testing of  radio-
graphic techniques without human radiation exposure. To 
encase foreign bodies, a 2 cm thick gelatin-in-water mold 
was prepared by dissolving 28 g of  gelatin in 1 quart of  
tap water (Knox Gelatin, Kraft Foods, Inc., Tarrytown, 
NY). The gelatin slab was placed on top of  a standard 
WEP (Gammex Solid Water, Laco, Inc., Chesterland, 
OH) to create a composite (gelatin/WEP) phantom.

Twelve unique items, some with “choking hazard” 
warnings, and two copies of  one item were encased in 
the gelatin slab (clay, plastic bead, crayon, plastic ring, 
plastic army figure, glass bead, paperclip, drywall anchor, 
eraser, Lego™, plastic triangle toy, and barrette). Poten-
tial items for inclusion were determined by conducting 
focus groups with nurses, gastroenterology fellows, and 
attending physicians. The items included were selected 
due to wide availability and appropriate size for accidental 
pediatric ingestion. Copies of  one item, a plastic bead, 
were used to evaluate reliability of  our model. A metallic 
paperclip was used as a positive control. The slab with 
encased objects was placed on an 18 cm thick WEP to 
create a 20 cm thick composite phantom representative 
of  a 20 cm thick child. A single XR was obtained of  the 
composite phantom with encased objects (Axiom Multix 
M, Siemens United States Corp., Washington, DC, United 
States, 70 kVP, 39 mAs, phototimer technique, table-top 
Bucky grid). 

Five board certified radiologists, each with ten years 
or greater experience, and blinded to the number and 
identity of  the items in the gelatin slab, were shown a 
single radiograph. The radiologist was first asked to count 
the number of  items that were visible on the radiograph-
ic image. After recording the number of  items identified, 
each radiologist was asked to identify the shape of  each 
item and describe it to a study investigator who recorded 
all responses. 

Statistical analysis
Overall inter-rater reliability was analyzed using percent 
agreement and κ coefficient. κ coefficient values < 0 in-
dicate poor, 0-0.2 slight, 0.21-0.4 fair, 0.41-0.6 moderate, 
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0.61-0.8 substantial, and 0.81-1 almost perfect agreement, 
respectively. We calculated P value to assess the probability 
of  error involved in accepting the κ value. This study was 
performed without the use of  human or animal subjects.

RESULTS
Fourteen objects had color photographs taken before 
and after embedding in gelatin, and plain X-ray taken 
after embedding (Figure 1). Each radiologist identified 
7-9 of  the 14 objects (mean 8, 67%). Six unique objects 
(50%) were identified by all radiologists and four unique 
objects (33%) were not identified by any radiologist 
(round plastic bead, Lego™, pink barrette, and purple 
triangle). Identification of  objects that were not present, 
false-positives, occurred 1-2 times per radiologist (mean 

1.4). An additional 17% of  unique objects were identified 
by less than half  of  the radiologists. Agreement between 
radiologists was considered almost perfect (kappa 0.86 ± 
0.08, P < 0.0001) (Table 1).

DISCUSSION
This is the first published study assessing visibility of  
non-metallic objects using an inexpensive, simple, easily 
reproducible model that represents a child’s body density. 
Gelatin slabs have variable distribution of  embedded air 
bubbles that may help simulate the presence of  fat in the 
child’s body. The excellent agreement found in our study 
among experienced radiologists validates (face value) 
the model. If  the accuracy and utility of  our model is 
confirmed in larger studies, it could potentially be used 
to predict the visibility of  FB in children. The fact that 
some objects could not be seen by any radiologist sug-
gests that such an object may not be visible if  ingested 
by children. More than half  of  the items were either not 
detected or detected inconsistently, raising the potential 
for unnecessary diagnostic XR or missed opportunity 
for intervention in patients. Toy ingestions represent al-
most 7% of  all phone calls to poison control in children 
less than 5 years of  age in the United States[1]. Some of  
the most popular toys used by children such as Legos™ 
could not be visualized by any radiologist. Regardless of  
whether a given ingested object presents significant risk, 
parental (and primary care provider) anxiety often leads 
to repeated patient evaluation.

The results of  our study underscore the need for 
an easily accessible FB registry denoting XR visibility. 
The creation of  such a registry could be instrumental in 
helping radiologists and emergency room physicians in 
diagnosis and management. Enhancing confidence in di-
agnosing the presence of  an ingested FB could facilitate 
the physician’s medical plan and alleviate parental anxiety. 
The European Registry on Upper Aerodigestive Tract 
Foreign Body Injuries in Children (Susy Safe)[23] serves 
as a successful model with data input at the point of  
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Figure 1  Images of foreign objects. A: Color photograph before embedding in gelatin; B: Color photograph after embedding in gelatin; C: Plain X-ray taken with 
objects embedded and placed on water-equivalent phantom. 

  No. Rad 1 Rad 2 Rad 3 Rad 4 Rad 5 Object

  1 + + + + + Army figure
  2 + + + + + Clay lump
  3 + + + + + Crayon
  4 + + + + + Eraser
  5 + + + + + Glass diamond bead
  6 + + + + + Paperclip
  7 - + - - + Ring
  8 + - - - - Drywall anchor
  9 - - - - - Lego
  10 - - - - - Pink barrette
  11 - - - - - Plastic bead
  12 - - - - - Plastic bead 2
  13 - - - - - Plastic bead 3 
  14 - - - - - Triangle purple plastic
  x + “Half violin”
  x + “Irregular elongated rectangle”
  x + “Irregular opacity”
  x + “Irregular opacity”
  x + “Linear lucency”
  x + “Irregular lucency”
  x + “Irregular opacity”

Table 1  Summary of object detection by radiologists

Rad: Radiologist; +: Positive identification of object denoted; x: No object/
false positive.
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footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
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