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INTRODUCTION:  The  precise  localization  of  fractured  ribs  represents  one  of  the  primary  challenges  of
surgical  rib  fixation.  Computed  tomography  (CT)  provides  the  facture’s  general  location,  but  it is difficult
to use  the  imaging  alone  to properly  place  a surgical  incision.  We  used  electromagnetic  navigation  to
identify  the  exact  location  of  the fracture  on  the  patient’s  skin.
PRESENTATION  OF  CASE:  A 64-year-old  man  fell  and  suffered  multiple  left-sided  nonunion  rib  fractures
(4th to  9th). He was  initially  treated  with  a chest  tube  and  analgesia,  but he developed  chronic  pain  from
the  injury.  On  the  CT  scan  of the  chest,  the rib fractures  were  displaced  and  on exam,  the  ribs  were mobile
with  reproducible  pain  and  clicks  on palpation.  We  used  electromagnetic  navigation  to determine  the
fracture’s  exact  location  on  the  skin  during  the  operation,  which  aided  in  the location  of the incision.  The
patient  had  open  reduction  and  internal  fixation  of the  broken  ribs  using  rib  plates.  The  patient  had  relief
from  his  chronic  pain  after  the  surgery.
DISCUSSION:  The  localization  of  the  rib  fracture  on  a patient’s  skin  can  be  performed  using  a  physical

exam,  landmarks  from  the  CT  scan,  or video-assisted  thoracic  surgery  (VATS)  procedure.  Each  of the
techniques  sacrifices  either  time  or accuracy  during  the  operation.  The  electromagnetic  navigation  can
provide  precise  localization  of the fracture  without  sacrificing  too  much  time  during  the  operation.
CONCLUSION:  The  use  of  electromagnetic  navigation  to identify  the  fracture  on  a  patient’s  skin  provides
quick  and  accurate  intraoperative  localization  for surgical  rib fixation.

© 2018  The  Author(s).  Published  by Elsevier  Ltd on behalf  of  IJS Publishing  Group  Ltd.  This  is  an  open
 artic
access

. Introduction

Rib fractures are most commonly traumatic and are typically
reated with the use of analgesics and pulmonary toilet. In an
cute setting, surgical rib fixation is typically reserved for patients
ith flail chest, acute respiratory failure, and failure to wean from
echanical ventilation [1]. Delayed operative fixation has been rec-

mmended in patients with chronic symptomatic nonunion rib
ractures [2,3].

Preoperative planning requires a computed tomographic (CT)
can with three-dimensional (3D) reconstruction. While the CT
can allows for a 3D conceptualization of the rib fractures’ loca-
ion, it does not account for cutaneous landmarks [4]. It provides
 general idea of the fracture’s location, which leads to larger than
bsolutely necessary incisions to obtain proper exposure of the bro-
en rib. In order to provide a more accurate location of the fractured

Abbreviations: CT, computed tomography; 3D, three-dimensional; EM,  electro-
agnetic; VATS, video-assisted thoracoscopic surgery.
∗ Corresponding author at: 6550 Fannin Street, Suite 1661, Houston, TX 77030,
nited States.
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le under  the  CC  BY license  (http://creativecommons.org/licenses/by/4.0/).

rib, thoracoscopic guidance is used to identify the location of the
rib fracture [4]. However, there are often dense adhesions involving
the lung secondary to the index injury and any subsequent hemoth-
orax, necessitating extensive adhesiolysis to identify the fracture’s
exact location. We  wanted to determine if there is a better way  to
identify the rib fracture on patient’s skin.

One of the advances in the field of lung nodule identification has
been the development of electromagnetic (EM) navigation bron-
choscopy. This technology uses an EM field to create a real time
endobronchial road map  to the peripheral nodule using a CT scan.
First, a CT scan of the chest is performed, and the images are
imported into a software that creates a virtual 3D image of the
airway and the nodule is identified in the virtual airway. Second,
an endoscopy is performed to match the real airway to the virtual
airway [5]. Third, the virtual airway is used to guide the catheter to
the nodule for a biopsy through the airway. The same concept can
be used to locate the nodule through the chest wall using a protocol
called SPiN Perc

TM
(Veran Medcial Technologies, St. Louis, MO)  [6].

We present a case report of a novel method to precisely identify

the location of a rib fracture on the skin using an electromagnetic
navigation system with SPiN Perc

TM
protocol.

This work has been reported in line with SCARE criteria [7].
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Fig. 1. Planning for Localization. (A) Screenshot of the planning software with visualization of all targets during inspiration (green dots) and expiration (grey dots). Each
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ndividual rib fracture site is marked as a target prior to viewing this summary s
creenshot of the planning software for localization of the rib fracture on the skin 

ib  fracture.

. Case report

A 64-year-old Caucasian man  fell in a bathtub approximately
 months prior to presentation. At the time of the injury, he suf-
ered multiple left-sided nonunion rib fractures (4th to 9th) and was
reated with a chest tube and analgesia. He had developed chronic
ain from the injury to the point in which he was unable to sleep at
ight and heard a clicking sound every time he took a deep breath.
n the CT scan of the chest, the rib fractures were displaced and
n exam, the ribs were mobile with reproducible pain and clicks
n palpation. The patient was taken to the operating room for an
pen reduction and internal fixation with MatrixRIB fixation plates
DePuySynthes, West Chester, PA, USA).

The procedure was performed by a board certified thoracic sur-
eon (MPK). On the day of the operation, the patient had a dynamic
T scan, with one scan taken with maximal inspiration and one
can taken with maximal expiration in the right lateral decubitus
osition with the left side up. The CT scan was imported into the
lectromagnetic navigation system software (Veran Medical Tech-
ologies Inc, St. Louis, MO). We  first marked the rib fractures on the
lanning software as a target. The software demonstrated 2.2 cm rib
racture displacement between inspiration and expiration (Fig. 1A).

ext, we identified the skin that was directly superficial to the

ite of the fractured ribs using the SPiN Perc
TM

protocol (Fig. 1B).
ntraoperatively, a bronchoscopy was performed for electromag-
etic calibration (Fig. 2A). This allows the accurate matching of the
. There is 2.2 cm displacement of the rib between inspiration and expiration. (B)
the SPiN PercTM . An entry site on the skin is placed perpendicular to the site of the

patient’s anatomy to the virtual anatomy seen on the CT scan. Then,
cutaneous sites of all fractures were identified and marked with
image guidance (Fig. 2B-C). These markings served as a guide for
the incision’s location. After incision, the dissection was continued
to the chest wall sparing the latissimus dorsi and serratus anterior.
The rib fractures were readily identified with accurate correlation
with the cutaneous sites (Fig. 2D). The fractures were freed from
the bony callus and were fixed with MatrixRIB plates (DePuySyn-
thes, West Chester, PA, USA) in a conventional fashion (Fig. 2E).
A closed suction drain was  left in the operative field. The patient
recovered well postoperatively and reported immediate improve-
ment in chest wall pain. He was discharged on postoperative day 2
with non-narcotic analgesics.

3. Discussion

The current guidelines and recommendations for the manage-
ment of traumatic rib fractures are based on consensus and/or
expert opinion, given the paucity of high-quality research. In gen-
eral, most traumatic (non-pathologic) rib fractures are managed
conservatively and few require surgical intervention, which is more
often performed in the acute setting. More recently, however, the

long-term functional impact of rib fractures has been investigated
[8]. It has been demonstrated that nearly one-third of patients with
rib fractures develop chronic pain and nearly half of them have a
chronic disability. Moreover, rib fracture fixation for symptomatic
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Fig. 2. Intra-operative Localization. (A) Photograph of the bronchoscopy screen on the left and the electromagnetic navigation screen on the right correlating the bronchoscopy
o age to TM
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f  carina to software-generated carina to match the computed tomographic (CT) im
o  mark the location of the fracture on the skin. The needle tip (B) is moved to th
ocalization. (E) Photograph of the needle through the skin accurately locating the r

onunion has been shown to be safe, feasible, and potentially bene-
cial [2]. Patients with nonunion usually complain of chronic pain,
hortness of breath, and “clicking” with breathing [3]. Our patient
ad chronic pain since the trauma as well as a “clicking” sensation
ith deep breaths that disrupted his daily life and sleep.

While reviewing our patient’s CT scan, it was  noted that the
ractures were mildly displaced. However, on dynamic imaging,
his displacement became more pronounced explaining the persis-
ent symptoms and supporting the indication of surgical fixation. It
as also noted that the superior fractures were anterolateral while

he inferior fractures were posterolateral, which posed a challenge
or surgical planning. We  were able to identify all of the fractures
n this patient using the software. To our knowledge, there is no
imit in terms of the number of rib fractures that can be identified
y the software and it can be used for acute and chronic setting.
oreover, it has been suggested that video-assisted thoracoscopic

urgical (VATS) guidance may  facilitate incision planning [4], but
his would require double lumen intubation with possible lysis of
dhesions of the lung, and the need for a postoperative thoracos-
omy tube. Furthermore, in a patient with a large amount of visceral
at, VATS visualization of rib fractures may  be challenging. The use
f electromagnetic navigation in our patient facilitated placement
f the incision with optimal exposure to all rib fractures for fixation.

After a literature review, to our knowledge, this is the first
eported case of preoperative rib fracture localization with the use
f electromagnetic navigation for incision planning. This technol-
gy afforded proper fracture site localization at the skin level, which
ermitted the creation of a single incision accomplishing access to
ll fractures for fixation.
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