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MUSCULOSKELETAL

Ultrasound-guided removal of foreign bodies:

personal experience

Abstract Foreign bodies (FBs) re-
tained in the soft tissues are a common
reason for medical consultation, and
usually consist of wooden or metal
splinters or glass shards. Failure to
remove foreign bodies is likely to give
rise to acute or late complications, such
as allergies, inflammation or infection,
that may be severe. The surgical re-
moval of an FB is invasive, costly and
technically challenging. The procedure
may fail in some cases and carries the
risk of complications. Our study de-
scribes a technique for the ultrasound-
guided removal of an FB, devised from
our experience, and demonstrates its
advantages over the standard surgical
procedure. Sixty-two patients (43 males
and 19 females aged from 9 to 65 years,
median age 31 years) presented at our
institution between October 2005 and
June 2008 with suspected foreign bodies
retained in the soft tissues of various
body districts. Radiographic and/or ul-
trasound diagnosis was established by a
radiologist expert in musculoskeletal
sonography. The same radiologist
helped by a nurse subsequently under-
took the ultrasound-guided removal in
the outpatient’s clinic according to the
technique described in the paper. ATL
5000 and PHILIPS iu22 ultrasound
systems were used with high-frequency
linear-array probes, sterile material,
local anaesthetic (lidocaine 2%), scapels

Introduction

Foreign bodies (FBs) retained in the soft tissues are a
common reason for medical consultation and this also

and surgical forceps. Antibiotic pro-
phylaxis with amoxicillin and clavulanic
acid were prescribed to all patients for
7 days after the procedure. Ninety-five
FBs (39 glass, 35 metal, 17 vegetable, 2
plastic, 2 stone) were successfully
removed under ultrasound guidance in
all patients and the procedure took
between 15 and 30 min. No complica-
tions arose either during or after the
procedure. Seventy-five skin incisions
were made and the wounds closed with
Steri-Strips in 73/75 cases, whereas skin
sutures were used in 2/75 cases. No
complications arose either during or
after the procedure. Ultrasound-guided
removal of an FB retained in the soft
tissues is a good alternative to surgery as
is its relatively straightforward, inex-
pensive, repeatable and carries a low risk
of complications. In addition, failure to
remove an FB does not preclude tradi-
tional surgical removal. The advantages
of this real-time procedure and the use of
small instruments minimize bleeding
time and avoid injury to surrounding
structures. Patient compliance is en-
hanced by the fact that the procedure has
little or no aesthetic impact. These
encouraging results suggest ultrasound-
guided removal as a first-choice proce-
dure for the extraction of foreign bodies.

Keywords Ultrasound - US - Foreign
bodies - Guidance

applies in the emergency setting [1, 2]. An FB may result
from accidents in the home or workplace [3] and usually

consist of wooden or metal splinters or glass shards,
causing pain and/or functional impairment.
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Failure to remove FBs is likely to give rise to acute or
late complications, such as allergies, inflammation or
infection, that may be severe [3, 4]. When FBs are located
within or close to tendons, they may lead to irritative or
septic, acute or chronic peritendinitis or tenosynovitis. In or
near a nerve, an FB may give rise to acute lesions, post-
traumatic neuromas (Fig. 1a) or neuropathies [5]. FBs may
also migrate to deeper soft tissues, into the joints [6—10] or
even into blood vessels with possible embolic complica-
tions [11, 12]. Long-term retention of FBs has also led to
the onset of tumours [13].

FBs can seldom be identified and removed on the basis
of clinical examination alone, and usually only when in a
superficial location. Otherwise, imaging techniques are
required to identify the FB and establish its exact location
prior to surgical removal attempt. To identify and localize
FBs other than by traditional radiography, which will
usually display radiopaque FBs, echotomography has now
proved irreplaceable, with high sensibility and specificity
[1-4, 14-20].

The surgical removal of FBs is invasive, costly and
technically challenging. The procedure may fail in some
cases and carries the risk of complications.

Our study describes a technique for the ultrasound-
guided removal of FBs devised from our experience and
demonstrates its advantages over the standard surgical
procedure.

Materials and methods

Sixty-two patients (43 males and 19 females aged from 9 to
65 years, median age 31 years) presented at our institution
between October 2005 and June 2008. Of these, 28 had
been referred by Casualty and 34 by an orthopaedic
specialist with diagnosed or suspected FBs retained in the
soft tissues of various body districts.

All patients had traditional radiograms and ultrasound
investigation using ATL 5000 Philips or IU-22 Philips
ultrasound systems with high-frequency linear-array
probes 12-17 Mhz. Imaging confirmed the diagnosis
identifying 95 FBs of various materials, measuring from

Fig. 1 Surgical removal. a
After a large skin and fascial
incision a post-traumatic neuri-
noma was found in the sensory
branch of the radial nerve
(empty white arrow). b After
isolation of the nerve branch
(empty arrowhead) and vessels
a metal FB was identified (full
white arrow)

less than 1 mm to 32 mm, located in different body districts
(Table 1). Standard X-ray displayed FBs made of metal,
glass and stone in 76/95 cases (Fig. 2a, b) but failed to
detect vegetable and plastic FBs. Ultrasound displayed FBs
in 94/95 cases. Radioscopy was required in the one
remaining case to identify a thin-needle FB entrapped
beneath the skin in the trochanteric region poorly
distinguished from the surrounding tissues at ultrasound.

The same radiologist expert in musculoskeletal sonog-
raphy who had performed the diagnostic tests, with the
assistance of a nurse, subsequently removed the FB under
ultrasound guidance in the outpatient’s clinic, according to
the technique described below.

The removal procedure starts with a diagnostic ultra-
sound examination to establish the exact location of the FB,
its morphology and its relations with nearby eloquent
structures (vessels, nerves, tendons). This initial step is
crucial for treatment planning to select the material to use,
the appropriate ultrasound probe, and logistics (positioning
of patient, operator, the ultrasound device and the material
required).

After disinfecting the patient’s skin with Neomidil
(Nuova Farmac, Verona, Italy) under sterile conditions
(sterile probe cover, sterile gloves, mask), a 22- to 25-G
needle (Becton Dickinson, Fraga-Huesca, Spain) is
inserted to reach the FB and local anaesthetic with 2-
3 ml of lidocaine chlorhydrate 2% (S.A.L.F., Bergamo,
Italy) administered under ultrasound guidance (Fig. 3). In
most cases, injection of the anaesthetic close to the FB will
detach it from the surrounding tissues thereby facilitating
subsequent removal. Anaesthetic continues to be injected
while retracting the needle to anaesthetize the needle path
to be used during removal.

Under constant ultrasound guidance, the skin is then
incised, together with the underlying fascia if necessary,
with a scapel (Xinda no. 11, WuXi Xinda Medical Device
Co., Wuxi City, Jiangsu, China). The incision must be just
large enough for the surgical forceps to be inserted, or in
the case of a particularly large FB, wide enough for the FB
to pass through. The tip of the scapel must reach the FB so
as to create a complete linear passage between the skin and
the FB (Fig. 4).
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Table 1 The number of patients treated, the material, number, size and location of FBs extracted (pts patients)

FB material, no. of pts

Number, nature and size of FB

Location

Vegetable, 12 pts

Glass, 12 pts

Metal, 35 pts

1 wood splinter, 10 mm

2 wood splinters, 5, 11 mm

1 agave shard, 32 mm (Fig. 6)
2 wood splinters, 6, 15 mm

1 wood splinter, 20 mm

1 wood splinter, 22 mm

1 wood splinter, 15 mm

1 wood splinter, 6 mm

3 wood splinters, 7, 10, 22 mm
2 wood splinters, 7, 12 mm

1 wood splinter, 10 mm

1 wood splinter, 5 mm

20 glass splinters (firecracker explosion), one <5 mm

1 glass splinter, 25 mm (Fig. 2b)
1 windscreen fragment, 8 mm
1 glass splinter, 7 mm

7 glass splinters, 0.5-4 mm

1 glass splinter, 20 mm

1 glass splinter, 3 mm

1 glass splinter, 3 mm

1 glass splinter, 7 mm

1 glass splinter, 5 mm

1 glass splinter, 3 mm

3 glass splinters, 3-6 mm

1 chisel splinter, 2 mm (Fig. 4)
1 anvil splinter, 4 mm (Fig. 5)
1 hammer splinter, 3 mm

1 metal splinter from lathe, 5 mm
1 shard of a band saw blade, 5 mm
1 hammer splinter, 6 mm

1 chip-powered, 7 mm

1 nail, 11 mm

1 nail, 12 mm

1 needle, 12 mm (Fig. 3)

1 metal splinter, 6 mm

1 hammer splinter, 2 mm

1 needle, 16 mm

1 bullet 9x21 FMJ, 9%x21 mm
1 metal splinter, 5 mm

1 oval metal body, 6 mm

1 metal splinter, 13 mm

1 oval metal body, 3 mm

1 metal splinter, 13 mm

1 needle, 12 mm

1 metal splinter, 5 mm

1 metal splinter, 5 mm

1 metal splinter, 5 mm

1 metal splinter, 5 mm

1 metal splinter, 3 mm

1 metal splinter, 7 mm

1 metal splinter, 5 mm

I finger, right hand
II and III finger, right hand
Tibial anterior muscle
I finger, right hand
II finger, right hand
Palm of left hand
I finger, left hand
II finger, left hand

I finger, right hand
I finger, left hand
Right forearm

III finger, right hand
Legs

Palm of right hand
Left forearm

Palm of right hand
Left forearm

Right knee

Palm of right hand
Palm of left hand
Left forearm

I finger right hand

I finger right hand
Right forearm

II finger, left hand
I finger, left hand
II finger, right hand
II finger, left hand
Palm of right hand
M. vastus lateralis left
M. pectoralis major
Left forearm

Right foot

Right buttock

Right knee

Left forearm

Left ankle

Back

Left forearm

Left forearm

III finger, right hand
Right forearm

Palm of right hand
Buttock

I finger, right hand
I finger, left hand
IV finger, right hand
II finger, left hand

I finger, right hand
1 finger, right hand
II finger, right hand
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Table 1 (continued)

FB material, no. of pts Number, nature and size of FB

Location

1 metal splinter, 6 mm

1 metal splinter, 6 mm

1 metal splinter, 3 mm

1 metal splinter, 7 mm

1 oval metal body, 5 mm
1 metal splinter, 7 mm

1 metal splinter, 4 mm

1 metal splinter, 10 mm
1 plastic splinter, 4 mm

1 plastic splinter, 11 mm
2 fragments of stone, 6, 8 mm

Plastic, 2 pts

Stone, 1 pt

Left wrist

II finger, right hand
1I finger, left hand

I finger, right hand
Head right side

I finger, right hand
Foot

Left forearm

Palm of right hand
Palm of right hand
Right knee

The operator then uses his/her dominant hand to insert
the surgical forceps through the incision (Halsted-Mosqui-
to Forceps, 12.8 cm, 18-2310) to reach the FB (Fig. 5),
following its passage in real time on ultrasound longitu-
dinal scans. The arms of the forceps are then opened
slightly, displacing the tissues surrounding the FB, to grip
the object (Fig. 6) (axial scanning planes are useful at this
stage to facilitate prehension) and then remove it.

The procedure is terminated with skin disinfection and
the skin flaps of the wound closed with Omnistrips (Paul
Hartmann, Heidenheim, Germany) or sutures (3.5 EP,
Ethicon black braided silk, Johnson-Johnson). Antibiotic
prophylaxis with amoxicillin and clavulanic acid (Aug-
mentin, 875 mg + 125 mg, Glaxo Smith Kline, Verona,
Italy) (1 g every 12 h) is prescribed for 7 days after the
removal procedure to prevent any iatrogenic septic
complications or sequelae caused by mobilization of the
FB. One patient was also given antitetanic serum (Gamma-

TET P500, one 2-ml phial, 500 IU, ZLB Behring, Milan,
Italy) as a precaution in case of lack of immunization cover.

Results

The following FBs were removed: 39 glass FBs from 12
patients, 35 metal FBs from 35 patients, 17 vegetable FBs
from 12 patients, 2 plastic FBs from two patients and 2
stone FBs from one patient. The FBs were successfully
removed from all patients under ultrasound guidance and
the procedure took from 15 to 30 min.

The FB removal procedure was undertaken in three
separate sessions in one patient with 20 glass-splinter
shards from an explosion. Eight skin incisions were
performed in this patient, with the procedure taking an
average of 10 min to remove each shard. Numerous
microgranules of glass dust, much smaller than a millimetre,

Fig. 2 Standard X-ray displays metal FBs. a A shard of a band saw blade in the hypothenar eminence (full white arrow) and glass. b Glass
splinter in the thenar eminence (empty white arrow)
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Fig. 3 Local anaesthesia is administered under ultrasound guidance
as the needle (empty white arrow) reaches the FB (empty arrow-
head) (metal splinter of a chisel located in the ungueal phalanx of

the second finger on the volar side of the left hand)

were also extracted during these procedures. Three skin
incisions were made during the same session in one patient
with eight glass shards after a road accident. Two skin
incisions were made in the same session to remove four
vegetable fragments from another patient. Two glass shards
and two stone FBs in two patients, respectively, were
removed through one skin incision each.

Seventy-five skin incisions were made and the wounds
closed with Omnistrips in 73/75 cases. The wound (sole of
the foot) was closed by a suture in one patient because of
the weight-bearing anatomic location. The FB in another
patient (a bullet in the back) required a larger than normal
incision, which required two sutures. No complications
arose either during or after the procedure neither septic nor
inflammatory.

Discussion

Clinical examination alone fails to identify an FB in a high
percentage of cases (up to 38%) [14], due to pain, swelling

Fig. 4 Under constant ultrasound guidance the skin is incised
together with the underlying fascia if necessary. The tip of the scapel
(empty white arrow) must reach the FB (full white arrow) located
near the MCF joint of the third dorsal ray. MC head of metacarpal
bone, asterix extensor tendon third finger

Fig. 5 Following the transit path with longitudinal ultrasound
scans, the surgical forceps are inserted (fiu/l white arrow) to reach the
FB (empty white arrow) (agave shard located in the anterior tibial
muscle)

and haematoma following injury. For this reason imaging
techniques are essential to identify FBs and their exact
location.

As traditional radiograms are widely available, simple to
perform and inexpensive, X-ray is the reference examina-
tion [2] and will identify radiopaque FBs (glass, metal,
stone) in around 80% of cases, but only displays 15% of
non-radiopaque FBs (wood, plastic) [4, 14]. Radioscopy
offers a more accurate topographic assessment and allows
reference points to be marked on the skin to aid subsequent
FB removal. However, radioscopy exposes patient and
operator alike to relatively high doses of ionizing radiation.
Computed tomography (CT) and magnetic resonance (MR)
scans are very expensive and have very limited indications
for FB detection as they have poor sensitivity and
specificity [4].

Ultrasound is the first choice investigation in the
diagnosis of an FB retained in the soft tissues, as it has a
sensitivity and specificity of 90% and 96%, respectively
[15, 16]. Thanks to its high spatial resolution, ultrasound
will identify FBs smaller than a millimetre [17], be they

Fig. 6 The arms of the forceps are opened (empty white arrow)
slightly displacing the tissues surrounding the FB to grip the object
(full white arrow) (metal splinter of a hammer located in the ungueal
phalanx of the second finger on the volar side of the right hand)
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wood, glass, metal or plastic [18]. The limitations of
ultrasound are well known: it is an operator-dependent
technique and will only display FBs retained in superficial
tissues [18].

New-generation ultrasound devices fitted with high-
frequency probes (7-17 MHz) will identify FBs with a
thorough morphological and volumetric assessment and
exact information on their three-dimensional spatial loca-
tion [3]. FBs are usually displayed as hyperechoic areas
with varying degrees of posterior acoustic shadowing or
echo. Long after the traumatic event, the FB may be
surrounded by a hypoechogenic halo caused by granulo-
matous inflammatory reaction [18]. In this case it is
important to establish an accurate differential diagnosis
between FB and any small air pockets, calcifications, skin
scars, keratin deposits, haematomas or sesamoid bones [3].

Ultrasound examination will also establish the integrity
of the surrounding ligaments, tendons, joint capsules and
neurovascular structures (with the aid of colour Doppler)
and accurately depict the relations between the FB and
adjacent eloquent structures (tendons, nerves, vessels) to
ensure the safe removal of the FB, avoiding iatrogenic
lesions or complications [3, 18]. In view of its potential,
ultrasound examination performed by expert doctors is the
first choice investigation of FB providing essential
information for therapeutic decision-making and accurate
planning for possible surgical removal.

The ordinary management of patients referred to surgical
consultation with diagnosed or suspected FBs retained in
the soft tissues initially entails a distinction between open
wounds and wounds with a small entry hole. Surgical
exploration with an in-depth lesion assessment is essential
in the case of open wounds. When there is documented
evidence of associated lesions to neurovascular structures
or tendons, surgical repair allows the concomitant search
for an FB. When there are no associated lesions a wide
surgical exposure should be made to search for the FB with
careful dissection of adjacent eloquent structures.

In the case of a tiny FB with a small entry hole, surgical
treatment is usually avoided because of the low risk of
associated lesions and the objective difficulty of detecting a
small FB in the operating field (due to both bleeding and

the variable features of FB) and is only indicated when
there is documented evidence of an associated lesion. In
addition, the procedure can only make use of adjuvant
radioscopy for a radiopaque FB, otherwise surgical
planning must rely on an assessment of the entry hole
and presumed transit path of the FB [21].

The drawbacks of surgery are also related to the need for
a large skin and possibly fascial incision with isolation of
neurovascular structures (Fig. 1a, b). In addition to possible
iatrogenic lesions or surgical complications, these inter-
ventions entail an inevitable aesthetic impact to some
degree.

In the case of a long-standing FB, surgery is indicated to
deal with supervening complications requiring surgical
repair.

Ultrasound-guided removal of an FB retained in the soft
tissues is a good alternative to surgery as is its relatively
straightforward, inexpensive, repeatable and carries a low
risk of complications. In addition, failure to remove an FB
does not preclude traditional surgical removal. Whereas
surgical removal entails a significant loss of substance,
ultrasound-guided removal of an FB is minimally invasive
as its point entry is a simple skin incision of usually less
than a centimetre and the small residual scar has little or no
aesthetic impact.

The real-time features of the ultrasound-guided proce-
dure minimize the amount of bleeding and avoid injury to
structures surrounding the FB, while the sterile approach
and antibiotic prophylaxis after the procedure reduces the
risk of septic complications, and the use of small
instruments minimizes any aesthetic impact, thereby
enhancing patient compliance.

The ultrasound-guided technique requires experience
and good manual skills on the part of the operator, who can
be trained using biological models (e.g. turkey breast or ox
tongue) [2].

A review of the latest literature failed to disclose studies
on FB removal. Despite the small size of our cohort, the
results of our study are encouraging and suggest ultra-
sound-guided removal as a first choice procedure for the
extraction of FBs when there is no evidence of associated
lesions requiring surgical intervention.
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