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Abstract: Background: Computerized surgical navigation (CSN) has many potential applications in foreign body (FB)
removal. Case report: While playing, a 14-year-old girl was accidentally shot in the facial area with a shotgun. Removal of the
superficial shots and of the left eyeball was performed at a local hospital. She was transferred to the West China Hospital of
Stomatology (Sichuan, China) on the third day after the accident due to difficulties in removing the remaining shots. Except for
left eye vision loss, there was no abnormal physical or laboratory test. Spiral computed tomography (CT) scan of the head was
performed and data were imported into the iplan software of the VectorVision® navigation system. A dynamic reference frame
was fixed to the skull and another to the forceps. Eight shots were successfully removed. One shot could not be removed because
of significant shifting. At 1 month, the incisions were successfully healed and there were no symptoms or signs. Conclusion: The
case presented here and the relevant literature about CSN indicates that CSN is a valuable modality for the removal of FBs, not
only in the craniomaxillofacial area, but anywhere in the body.
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risk of further injury when removing the FBs [8, 9].

Historically, the surgical approach for FB removal was limited
to the exploration of the wounds by palpation with or without
visual guidance based X-ray or computed tomography (CT); this
approach is greatly limited by the fact that imaging and the
surgeon are too distinct and non-coordinated entities, which
could result in further iatrogenic injury, migration of the FBs, or
failure to remove the FBs [4, 10]. Computerized surgical

1. Introduction

The craniomaxillofacial area is an area with a large number
of complex and delicate anatomic structures. Injuries to those
structures may result in mortality or important morbidity with
significantly affected quality of life [1, 2]. Craniomaxillofacial
injury may be the result of low-energy impact (e.g., falls or

fighting), high-energy trauma (e.g., car accidents and firearms), o ] ) e
or iatrogenic injury (e.g., broken needle during dental surgery). navigation (CSN) is developing enthusiastically and has many

Wound management often requires the removal of foreign potential applications in many fields such as trauma or cancer

bodies (FBs) embedded among the delicate structures, and ~ reconstruction surgery, orthognathic surgery, skull base surgery,
and FB removal [11, 12]. Importantly, it allows the "fusion" of

the surgical gesture with imaging data, improving accuracy,
especially in the presence of delicate structures. Many studies
have reported the CSN-guided removal of FB from the human
body, especially in the complex and delicate craniomaxillofacial
area [13-32]. CSN is helpful in determining the location of FB,
determining the optimal surgical approach, minimizing
iatrogenic damage, and reducing the operation time. With the
development of CSN, the operation process is becoming more
convenient and accurate.

those structures are at risk of being further damaged during
removal surgery [3]. Leaving those FBs in place is usually the
last option because of the possibility of morbidity, abscess, and
worsening of the condition [4].

High-energy traumas often involve the craniomaxillofacial
area and often result in dismal outcomes [3, 5]. Shotgun wounds
are particularly complex to manage because of the large
numbers of small metal balls imbedded at various depth and
over a large body area [6, 7]. If not fatal, craniomaxillofacial
shotgun wounds are particularly difficult to manage due to the
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In this paper, we present one case of shotgun buckshot
removal from the maxillofacial area, as well as a review of the
literature and a discussion about the standard strategy for
CSN-guided removal of FBs in the craniomaxillofacial area.

2. Case Presentation

This study was approved by the ethics committee of the
West China Hospital of Stomatology. Informed consent for
publication was obtained from the patient.

While playing, a 14-year-old girl was accidentally shot in the
facial area with a shotgun. She was admitted to a local hospital
as soon as possible after the accident. At this local hospital,
removal of the superficial shots and of the left eyeball was
performed. Due to the difficulties in removing the deeper shots,
the patient was transferred to the oral and maxillofacial surgery
department of the West China Hospital of Stomatology
(Sichuan, China) on the third day after the accident. Physical
examination showed multiple buckshot wounds located on the
left upper face and forehead. The left eyeball had been removed
(Figure 1). A panoramic radiograph indicated multiple small
spheres with high-density in the facial area. A CSN operation
was prepared for removing these FBs because of the risk of
chronic pain if they were left in place.

At admission, the patient was fully conscious and did not
have any neurological deficits. Imaging showed no damage to

the brain parenchyma. Except for left eye vision loss, there
was no abnormal physical or laboratory test. Spiral computed
tomography (CT) scan of the head was performed. The CT
data, with 0.625-mm slice thickness, were imported into the
iplan software of the VectorVision® navigation system
(BrainLAB, Feldkirchen, Germany). In the iplan software, the
buckshots could be clearly viewed. A  virtual
three-dimensional (3-D) model was built to show the nine
buckshots of 5 mm in diameter.

Figure 1. The patient who received a gunshot wound after emergency
treatments at the local hospital and before navigation-guided surgery.

A BRAINLAB

Figure 2. Procedure of the navigation-guided surgery. (a) The forceps clamped with a dynamic reference frame inserting into the calibration hole of the
registration instrument. (b) The forceps with tracking camera for registration. (c) Real-time screen capture of the BrainLAB system indicating the navigation
pointer arriving at one buckshot. (d) Removal of one buckshot directly using the calibrated forceps.

During surgery, the dynamic reference frame was rigidly
fixed on the patient’s skull with one monocortical screw under

general anesthesia. Face scanning was performed with the
Z-touch laser scanner from the BrainLAB system
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(Feldkirchen, Germany) for surface registration. A dynamic
reference frame was clamped at the end of one forceps. The
forceps was inserted into the calibration hole of the
registration instrument, and it was registered by the tracking
camera. After registration, the tip position and orientation of
the forceps could be viewed on the flat-panel monitor in real
time. The location accuracy (within 1.5 mm) was verified
using the navigation pointer. With the guidance of the
BrainLAB system, the registered forceps, which was tracked
by the navigation system, could directly detect the exact
anatomical site of each buckshot in the facial area. Eventually,
eight buckshots were clamped and removed successfully
through the original wound path (Figure 2a-d). The whole
surgical procedure, including the installation and registration
of the navigation system, took approximately 40 min.
Intraoperative blood loss was approximately 50 ml.
Unfortunately, even after multiple tries, one buckshot located
in the left cheek could not be removed.
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Figure 3. (a) Eight removed buckshots. (b) Image fusion of the preoperative
and postoperative 3-D models.

She was discharged from the hospital 2 days later without
complications. A cone-beam CT scan of the head was done
and a 3-D model was established. Through image fusion of the
preoperative and postoperative 3-D models, it was found that

the remaining buckshot shifted by about 10 mm posterior and
inferior to its original position (Figure 3a-b), probably because
of the movements of the mandible and facial muscles, and
because of palpation and movements from the forceps. At 1
month of follow-up, the incisions in the face were healed. The
patient showed no clinical symptom. Afterwards, the girl’s
condition improved quickly and she recovered uneventfully.

3. Literature Review

A systematic literature search from electronic databases
(MEDLINE (PubMed), the Cochrane library, EMBASE, Web
of Science, and Google) was carried out using the medical
subject heading (MeSH) terms “foreign body” and
“navigation” or “surgical navigation”. More than 50 relevant
studies in English published between 2000 and 2019 were
found and reviewed. The inclusion criteria were: 1) clinical
case report; and 2) FB removal with CSN. The exclusion
criterion was FB removal surgery using other image-guidance
technique. If the title was considered relevant, the abstract was
looked through with regard to inclusion or exclusion criteria.
According to the above inclusion criteria, a hand search of the
relevant journals was also performed. Finally, 20 articles were
included and reviewed. The relevant data from the 20 articles
were organized in spreadsheets and the following information
was extracted: Reference, number of patients, FB type,
location, CT slice thickness, navigation system, assistant 3-22
method, and intraoperative time (Table 1).

It can be concluded from Table 1 that the vast majority of
the published papers are case reports or studies of no more
than five patients. Most of FBs were broken needles, metal
fragments or projectiles, and located in the craniofacial area,
which is a complex anatomic zone and has numerous vital or
delicate structures. Only four papers reported about the
removal of firearm projectiles and shrapnel [16, 24, 27, 32].
With the help of CSN, all FBs in the 20 papers were
successfully located and removed, with or without assistant
method. None of the 20 articles investigated the accuracy and
intra-operative precision of CSN, but is have already been
proven to be <1 mm and 1-2 mm, respectively [12]. Few of the
20 papers took note of preoperative planning and
intraoperative time in details. As the CSN technique has been
proved as a valuable tool, surgeons’ and patients’ time and
costs should be considered for this kind of research in the
future. In addition, how to detect non-metallic FBs accurately
should be considered.

4. Discussion

We present a case of an accidental shotgun discharge to the
craniomaxillofacial area of a 14-year-old girl. Removal of the
superficial shots and of the left eyeball was performed at a
local hospital. She was transferred to a tertiary center on the
third day after the accident due to difficulties in removing the
remaining FBs using conventional methods. Except for left
eye vision loss, there was no abnormal physical or laboratory
test. Successful 3D modeling and navigation was performed
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using spiral CT data imported into the iplan software of the
VectorVision® navigation system. Finally, eight shots were
successfully removed, but one shot could not be removed

because of significant shifting. At 1 month, the incisions were
successfully healed and there were no symptoms or signs from
the remaining FB.

Table 1. Literature review of the use of CSN for FB removal.

. CT Slice Navigation Assistant Intraoperative

Reference NP Type Location Thick S method Time

Sato [13] 2019 1 RCT materials maxillary sinus NM Brainlab AG an f)cclusal ! 1}0ur and 35
splint minutes

Sukegawa [14] Broken dental . Medtronic Interocclusal

2017 ! instrument L NM StealthStation S7  splint NM

. Medtronic
Ali[15]2017 1 Metal Retrobulbar 1 mm StealthStation S7 NM NM
Yang [16] 2017 1 24 buckshots Face 0.625 mm BrainLAB NM NM
. 5-cm broken piece . Medtronic
Jain [17] 2017 1 - Maxilla NM StealthStation S7 NM NM
Xing [18] 2015 24 Many materials Maxillofacial skull base 2 mm Brainlab AG Endoscope Mean of 56.6 min
. . custom
Stein [19] 2015 | Broken needle Pterygomandibular NM Medtronic . interocclusal 15 min
fragment space StealthStation S7 .

splint

Li [20] 2015 1 Resin Mandible 0.625 mm BrainLAB ssé)lei;al open 20 min

vl 1 Broken needle Spine hin . Stealth Station® NM NM

2014 resolution

Gerbino [22] | 1-cm broken dental ~ Pterygomandibular NM BramLAB NM NM

2013 needle space VectorVision
Digital

Gui [23] 2013 5 Many materials Maxillofacial area 0.625 mm Stryker Leibinger  subtraction Mean of 15 min
angiography

Mosheiff [24] 12 Shrapnel and Limbs and axial NM Medtronic CSNT ~ NM About 10 min

2010 bullets skeleton

Bumm [25] . VectorVision®

2009 5 Many materials Head and neck NM BrainLAB NM NM

Koo Ng [26] . . . . Endonasal

2009 1 Ballpoint pen nib Orbital apex NM BrainLab iy NM

;}(;gge (271 32 Gunshot Maxillofacial NM NM NM NM

el a2l R NM NEN-II Nicolet ~ NM NM

2008 fragments

Eggers [30] . SNN system .

2005 10 Many materials Head and face NM Canada NM 25-105 min

Holmes [31] Short 30-gauge Pterygomandibular Medtronic

2005 2 needle space NM StealthStation M NM

e 28] 1 Miniscrew Within the . .. 1.5 mm STN Workstation Demal acrylic NM

2003 temporomandibular joint splint

Siessegger [32] .. VectorVision o

2001 11 Projectiles Head and neck 2 mm BrainLab NM 40% saved

NP=number of patients; NM=no mentioned.

Traditional removal of FBs wusually involves direct
exploration of the wounds or first visualizing the FBs using
traditional imaging methods such as X-ray, C-arm
fluoroscopy, ultrasound, and CT, followed by removal of the
FBs based on imaging. The first approach is a blind approach,
while the second is a semi-blind approach. Indeed, even if the
FBs can be seen on the images, how to translate the images to
the actual patient requires skill and experience [4, 10]. Both
approaches have a high potential of resulting in iatrogenic
injuries or failures to remove the FBs, leading to additional
morbidity [4, 10]. Using C-arm X-ray, He et al. [33]
introduced a novel navigation system for the removal of
metallic FBs retained in soft tissue: the target spot is displayed
on the screen and a laser is used on the skin surface to indicate

the most optimal path. Ultrasound can provide real-time
imaging of the FB, but the probe has to maintained on the skin
with some pressure, which impedes surgery and can cause
shifting of the FB.

A possible solution to improve the removal rate of difficult
to reach FBs is CSN-guided surgery, which is less invasive, is
more precise, and takes a shorter time than exploratory
traditional surgery, and has therefore lower operative costs in
terms of staff time. On the other hand, the main drawback is
the need for expensive specialized medical equipment that is
available only in a few centers.

The first consideration about to use CSN or not is whether
the FB should be removed [34]. Gui et al. [23] suggested that
all FBs leading to clinical symptoms or located nearby vital
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structures should be removed to prevent complications. This
is particularly crucial in the craniomaxillofacial area because
of the delicate anatomical structures and of the constant and
complex movements of the muscles that can cause further
injuries and morbidity [4]. Based on our experience, the
following conditions are recommended indications for CSN
in FB removal surgery: 1) need for minimally invasive
procedures; 2) presence of multiple FBs; 3) FB nearby some
vital organs or structures; and 4) failure of previous attempts
with conventional techniques. The second consideration of
CSN is to determine the optimal timing to remove these FBs,
and this point is still controversial [35]. For navigation-guided
surgery, image data acquired preoperatively should
accurately represent the structure of the tissue during
operation. Fibrous connective tissue will eventually develop
around each FB, which may limit the shifting of the FB and
may be beneficial to improve the surgical success. Indeed,
even if the elapsed time between imaging and surgery is kept
as short as possible, simply moving the patient from the
scanner to the surgical bed can shift some FBs that are not
fixed in place. Since the soft tissues are not physically
stationary, it is important to carry out the surgery
immediately after the preoperative CT scans for ensuring the
accuracy of CSN, and to limit the movements of the patient as
much as possible. In addition, the inflammatory reaction of
the soft tissue in the early stage after trauma will also affect
the accuracy of image and can hide some minute FBs.
Therefore, a wait of at least 1 week may be recommended
before removal.

A large number of systematic reviews and retrospective
studies have investigated recent developments of CSN in the
field of FB removal surgery, and demonstrated promising
results [11, 23, 34-37]. Well-designed prospective study could
provide objective evaluation, but such studies are especially
challenging due to several confounding factors such as various
locations of the FB, various FB materials, and the physical
condition of the patients. Kaviani et al. [38] conducted a blind
trial, in which five test specimens of different materials
(plastic, glass, wood, metal, and stone) were inserted into the
craniomaxillofacial area of ten body donors; then, removal
surgery was performed with or without the help of CSN. Their
results suggest that current CSN is an effective tool for FB
removal in high-density areas such as the craniomaxillofacial
area.

A customized guide bar could been designed to facilitate
removal of a FB. Xing et al. [39] discussed a special 3-D
locator and magnetic forceps for the removal of metallic FBs
in soft tissue, including hand or foot, upper extremity, lower
limb, hip, chest or and abdomen; 99.5% of 7390 patients were
successfully operated within a mean of 5 min. Ma et al. [35]
reported a case of removal of two pieces of glass in the right
side of face with the help of facial soft-supported digital guide,
despite the cost and extra time needed for preparation before
the operation. Nevertheless, optimization of the process is
required due to the wide variety of possible sites for FBs.

Taken together, the case presented here and the relevant
literature about CSN indicates that CSN is a valuable modality

for the removal of FBs, not only in the craniomaxillofacial
area, but anywhere in the body. This paper adds some
systematic and conclusive knowledge to the CSN literature.

5. Conclusion

Computerized surgical navigation (CSN) has many
potential applications in foreign body (FB) removal. The case
presented here illustrated the process of removal of FBs in the
craniomaxillofacial area in detail, and the relevant literature
about CSN indicates that it is a valuable modality for many
kinds of surgery in other parts of the body.
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