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Introduction

There are variations in the causes of food-borne foreign body
disease among geographic regions and cultures. Oropharyn-
geal fishbone retention is one of the most common cause,

particularly in the Asian culture and in coastal areas (42–
76%).1,2

The condition has spectrums of clinical manifestation
from mild to fatal. The symptoms consist of foreign body
sensation, irritation, sore throat, dysphagia, odynophagia,
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Abstract Introduction Fishbone foreign body retention is one of the most common problem
with various clinical manifestations from asymptomatic, abscess formation, and
perforation to mediastinitis with subsequence morbidity and mortality. Accurately
identifying the location of the fishbone leads to precise removal, which, in turn,
prevents serious consequences. Digital radiographs have been widely used for
diagnosis, but many studies show poor sensitivity.
Object The present study was designed to compare the diagnostic performances of
digital radiograph and low-dose computed tomography (CT) for fishbone retention and
to demonstrate the radiation dose of the two modalities.
Methods We collected 2 pieces of fishbone from each of the 15 species commonly
eaten in Southeast Asia. We embedded each fishbone in a fresh pig’s neck, then
subjected the pig’s neck to lateral soft tissue neck digital radiograph. The locations to
embed included tonsil, base of tongue, and upper esophagus. Then, we subjected the
same specimen to a CT scan. Two experienced radiologists interpreted each image.
Results Visibility in the digital radiograph group was 13%, and in CT images group, it
was 87% regardless of the locations. The average radiation dose from digital radio-
graphs was 0.4 mGy (radiation dose field), while from CT images it was 8.6 mGy (CT
dose index).
Conclusion Most of the common fishbones in Southeast Asia could not be visualized
by digital radiograph when embedded in the neck. Computed tomography scans
demonstrated better diagnostic performance of fishbone retention compared to
digital radiographs, regardless of the embedded location.
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abscess, mediastinitis, and perforation.3–5 Approximately 80
to 90% of ingested foreign bodies are passed spontaneously.3

About 10 to 20% require intervention for removal.5 Frequent
lodging sites in the oropharynx are the tonsils, base of the
tongue, valleculae, and pyriform recesses. The tonsils are the
most common site, followed by the base of the tongue. The
most common location in the esophagus is the upper esoph-
ageal sphincter.1,2

There is still no clear algorithm for the diagnosis and
management of fishbone retention.6

InThailand, digital radiographs are still the imagingmodal-
ity of choice for initial evaluation in the treatment of fishbone
retention. However, many studies have revealed poor sensi-
tivity and specificity of this imaging modality.1,2,7–10 And the
fact that the bones of different species of fish vary in degree of
opacification under plain film leads to doubt about the use-
fulness of this modality. Computed tomography (CT) has
emerged as an optional imaging modality to evaluate foreign
body retention. As technology progressed, there is now better

CT imaging quality, and it can produce lower radiation dose11.
The present study intended to evaluate the diagnostic perfor-
mance of plain films compared to CT scans, and the added
value of CT scans to plain films.

Methods

Wecollected twopiecesoffishbonefromeachof the15species
commonly eaten in Southeast Asia, particularly in Thailand
(►Table 1). Each piece measured approximately 2 cm. A
radiograph of all 30 pieces of fishbone was taken (►Fig. 1).

Next, we embedded each fishbone in a fresh pig’s neck,
whose neck circumference and laryngeal framework was
similar to that of an adult human.12 For tonsils and the base
of the tongue, we used an alligator forceps to hold the
fishbone and embedded it under direct laryngoscope. For
the esophageal location, we used the longer alligator forceps,
under direct laryngoscope and with fluoroscopic guidance.
(►Fig. 2)

Table 1 Visibility of each fishbone species by imaging modality and embedded site

Digital radiograph CT scan

Number Name Tonsil Base of
tongue

Upper
esophagus

Tonsil Base of
tongue

Upper
esophagus

1 Common Silver Barb
(B. gonionotus)

0 0 0 1 1 1

2 Nile Tilapia
(O. niloticus)

0 0 0 1 1 1

3 Red Tilapia
(O. niloticus)

0 0 0 1 1 1

4 Tongue Sole
(C. macrolepidotus)

0 0 0 1 1 1

5 Short-bodied Mackerel
(R. brachysoma)

0 0 0 1 1 1

6 Catfish
(C. macrocephalus)

1 1 1 1 1 1

7 Black Kingfish
(R. canadum)

0 0 0 1 1 1

8 Asian Seabass
(L. calcarifer)

0 1 1 1 1 1

9 Salmon
(S. salar)

0 0 0 1 1 1

10 Areolated Grouper
(E. areolatus)

0 0 0 1 1 1

11 Longtail Tuna
(S. japonicas)

0 0 0 0 0 0

12 Silver Pomfret
(O. ruber)

0 0 0 0 0 0

13 Snakeskin Gourami
(T. pectoralis)

0 0 0 1 1 1

14 Spanish Mackerel
(S. commersoni)

0 0 0 1 1 1

15 Sablefish
(A. fimbria)

0 1 0 1 1 1

Visibility 0¼ invisibility group, 1¼ visibility group.
Digital radiograph.
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We subjected the pig’s neck to lateral soft tissue neck
digital radiograph, with 318mA, 70 kVp, using a GE Discov-
ery XR656, model AL01C II (GE Healthcare, Chicago, IL, USA).
The locations used include the tonsil, base of the tongue, and
the upper esophagus. Scout films of the pig’s neck were also
obtained as control images.

Then, we subjected the same specimen to a CT scan, using
Optima CT 660 (GE Healthcare), with standard plain CT
protocol of the neck. The imageswere obtained and recorded
by codes. Two experienced radiologists interpreted each

image as “visualized” or “not visualized”. Whenever there
was difference in the interpretation, the two radiologists got
together to find a consensus.

We defined the diagnostic performance of each imaging
modality per different location using nonparametric receiver
operating characteristics (ROC) curve analysiswith Bamber and
Hanleyconfidence intervals for theareaunder theROCcurve. To
evaluate the additional benefit of CT images over digital radio-
graphs, we also analyzed the added value of the ROC curve
following each location where the fishbone was embedded.

Result

The visibility of the digital radiograph and CT images of the
bone of each fish species is shown in table 1. Two pieces of
fishbone from each species provided the same visibility
results in both digital radiograph and CT images.

Visibility in the digital radiograph group was 13%, and, in
the CT images group, it was 87%, regardless of the locations.

The average radiation dose from digital radiographs was
0.4 mGy (radiation dose field), while from CT images it was
8.6 mGy (CT dose index).

The accuracy of digital radiographs for the diagnosis of
fishbone foreign bodies ranged from 53.3 to 58.3%, with
lodging site in the upper esophagus showing the highest
accuracy and lodging site in the tonsils showing the poorest
diagnostic performance (►Table 2).

Fig. 1 Radiograph of 30 fishbones 1¼Common Silver Barb; 2¼Nile Tilapia; 3¼Red Tilapia; 4¼ Tongue Sole; 5¼ Short-bodied Mackerel;
6¼Catfish; 7¼ Black Kingfish; 8¼Asian Seabass; 9¼ Salmon; 10¼Areolated Grouper; 11¼ Longtail Tuna; 12¼ Silver Pomfret; 13¼ Snakeskin
Gourami; 14¼ Spanish Mackerel; 15¼ Sablefish

Fig. 2 Demonstrate method of embedding fishbones in the pig neck.
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Computed tomography images demonstrated accuracy
for the diagnosis of fishbone retention of 96.7% in all loca-
tions. The added diagnostic value of CT scan over digital
radiographs was statistically significant in all lodging sites
(►Table 3). Diagnostic performance of digital radiographs
and CT images according to the lodging site is shown in ROC
curves (►Fig. 3)

Discussion

Digital radiograph has been widely used due to its avail-
ability and reasonable cost. In the past, the use of CT scans
for bony foreign body identification was not common,

because it is well known that bony structures can be seen
with radiographs. However, unlike most bony foreign bod-
ies, fishbones are small and show variation in opacity. Most
of the common fishbones in Southeast Asia, particularly in
Thailand, cannot be not visualized by digital radiograph
when embedded in the neck. The tonsillar region shows the
lowest sensitivity in visualization of embedded fishbones,
probably due to surrounding air and overlying bony struc-
tures (►Fig. 4). However, some particular fishbones with
greater opacification, such as catfish bones (number 6
in ►Fig. 1), can be visualized even in the tonsillar region
(►Fig. 5).

Fig. 3 A receiver operator characteristics curve for diagnostic performance of digital radiograph (blue line) compared with computed
tomography images (redline) at tonsillar region. 3b Receiver operator characteristics curve for diagnostic performance of digital radiograph
(blue line) compared with computed tomography images (red line) at base of tongue. 3c Receiver operator characteristics curve for diagnostic
performance of digital radiograph (blue line) compared with computed tomography images (red line) at upper esophagus.

Table 2 Sensitivity, specificity, and accuracy with confidence
intervals from digital radiographs in diagnosis of each site of
fishbone retention

Site Sensitivity Specificity Accuracy 95%CI

Tonsil 13.3% 93.3% 53.3% 045–0.61

Base of
tongue

20.0% 93.3% 56.7% 0.48–0.65

Upper
esophagus

20.0% 96.7% 58.3% 0.50–0.66

Table 3 Sensitivity, specificity, and accuracy with confidence
intervals from computed tomography in diagnosis of each site
of fishbone retention

Site Sensitivity Specificity Accuracy 95%CI Compare
added
value
ROC

Tonsil 93.3% 100% 96.7% 0.92–1.00 P<0.001

Base of
tongue

93.3% 100% 96.7% 0.92–1.00 P<0.001

Upper
esophagus

93.3% 100% 96.7% 0.92–1.00 P<0.001

Abbreviations: CI, confidence interval; ROC, receiver operator
characteristics.

Fig. 4 Tongue sole bone embedded at tonsillar region which is not
visualized by digital radiograph.
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Overlying bony structures or surrounding air do not affect
the visibility of fishbones in CT scan, differently from digital
radiograph. Therefore, the locations of the embedded fish-
bone were accurately identified (►Fig. 6). However, some
fishbone species which do not or faintly opacified cannot be
visualized by CTscan (►Fig. 7), as demonstrated in►Figure 1

numbers 11 (Longtail tuna) and 12 (Silver pomfret). The

bones of these species are thin and show subtle opacification
even when not embedded in soft tissue.

With developing technology, we can reduce the radiation
dosagewhilemaintaining diagnostic performance. Nonethe-
less, the CT radiation dosage is still about 20 times higher
than that of digital radiograph. Radiation dosage is one of the
factors that influences the choice of imaging modalities.

Conclusion

Computed tomography scans demonstrate better diagnostic
performance of fishbone retention compared to digital
radiographs, regardless of the embedded location. However,
despite the decreased radiation dosage from CT scans, the
total dose per study is still 20 times higher than that of digital
radiographs.
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