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Introduction: Displaced intracapsular neck of femur (NOF) fractures secondary to civilian gunshots are rare in-
juries with universally poor outcomes following surgical fixation. No studies have been published on fracture
mapping in NOF fractures secondary to civilian gunshots.

Objectives: We performed CT scan-based fracture mapping to identify the most common fracture patterns in these
injuries.

Methods: Design: Retrospective search of prospectively collected data. Setting: Single Level 1 Trauma hospital.
Patient selection criteria: All patients presenting with gunshot fractures to the femur neck between 01 January
2009 and 31 December 2022 were identified. Once identified from Picture Archiving and Communication System
(PACS), computed tomography (CT) scans in Digital Imaging and Communication in Medicine (DICOM) format
were imported into Mimics 16 software and fracture fragments were segmented and three-dimensional (3D)
reconstruction was generated. The reduced fractures were exported to 3-Matic software to merge the fragments
and adjust the orientation in three planes. An uninjured femur model was used as a template for reduction.
Fracture lines and heat maps were then generated. Our outcome measures were successful mapping of the
identified fracture lines.

Results: A total of 25 intracapsular femur neck fractures were identified and suitable for CT scan mapping. All
patients were male with an average age of 22 (range 18-32). Once generated, fracture maps were used to show
the location, distribution and frequency of the fracture lines. In all but two cases the fracture line propagation
remained within the confines of the hip joint capsule. In three cases there was fracture extension into the superior
aspect of the femur head, and in one case extension into the inferior aspect.

Conclusion: This is the first study to perform 3D fracture mapping for intracapsular femur neck fractures sec-
ondary to civilian gunshot injuries. The exercise has helped us better understand the commonest fracture pat-
terns and assisted us with surgical planning and execution.

Introduction Gunshot wounds (GSW) to the hip joint are relatively rare, with an
incidence reported at 7.1 % of extremity GSW [2-4]. The treatment of

Gunshot fractures of the femur neck are devastating injuries that these is controversial and there is paucity of literature related to intra-

affect mostly the younger population. Their characteristics differ from
the more commonly encountered (1.6 million cases annually) osteopo-
rosis related neck of femur fractures which affect mostly the elderly
population [1]. They are high energy, penetrating injuries with resultant
comminution of the femur neck and typically affect younger patients.

capsular femur neck fractures secondary to civilian GSW. Available
literature is limited to small retrospective series, review articles and case
reports [5-12]. Some reports have grouped intracapsular and extrac-
apsular fractures together, as well as a part of a bigger series including
pelvic fractures [7,8,11,13,14]. All have reported universally poor
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outcomes regardless of treatment method used.

Civilian gunshot injuries are caused by low velocity firearms with
muzzle velocities less than 2000 feet per second (f/s). They differ from
military gunshot injuries which are caused by high velocity rifles with
muzzle speeds above 2000 f/s [15], and these cause excessive soft tissue
destruction.

In closed femur neck fractures, it has been shown that anatomic
reduction is an important predictor of good outcome [16]. No such ev-
idence exists for penetrating injuries, but it can be inferred that such
reduction is also desirable in GSW fractures. A better understanding of
common fracture patterns following GSW is therefore required.

We aimed to use three-dimensional (3D) fracture mapping in order to
create comprehensive fracture maps to identify location, distribution
and frequency of the fracture patterns. This is the first study to perform
computed tomography (CT) scan-based 3D fracture mapping for intra-
capsular gunshot fractures of the femur neck. We hypothesised that the
exercise of fracture mapping would reveal different fracture line pat-
terns based on location of the fracture that differ from closed fractures.

Methods

To conduct this study, all cases of civilian gunshot fractures
involving the femoral neck between 01 January 2009 and 31 December
2021 that presented to a single Level 1 Trauma Unit were retrospectively
reviewed. Inclusion criteria were: age above 18 years, intracapsular
neck of femur (NOF) fracture, CT scans available for analysis. Exclusion
criteria were: paediatric and adolescent patients younger than 18 years,
extra-capsular or trochanteric fractures (unless as part of extension of
intracapsular fracture), lack of CT scans as well as the presence of
retained projectiles within the femur neck which led to metal artefacts
on CT scans.

A total of 25 appropriate cases were identified and their CT scans
were obtained from the Picture Archiving and Communication System,
PACS (Phillips, Netherlands).

Research Ethics clearance was obtained from our institution for this
study (HREC 803/2021).

3D fracture reconstruction and reduction

Once identified from the PACS server, the CT scan images in Digital
Imaging and Communications in Medicine (DICOM) format were im-
ported into Mimics v.16.0 (Materialise, NV, Leuven, Belgium). The
fracture fragments were segmented and reconstructed separately using
thresholding and region grow features of the software. The fracture
segments were then exported as independent stereolithography (.stl)
files to Materialise Mimics and reduced in 3-Matic by orientating the
fractured fragments into correct anatomical locations (Fig. 1). After
achieving satisfactory reduction, two dimensional (2D) images were
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obtained in the anterior, posterior, and lateral views.

Fracture mapping

A non-fractured template of femoral head and proximal shaft was
used to create the fracture map. A 2D snapshot of the anatomically
reconstructed bone was obtained. A fracture line was created by tracing
the edges of the fracture in GNU Image Manipulation Program (GIMP).
This image was superimposed on a non-fractured hip image from the
fractured image. This process was repeated for all the femoral neck
fractures to create the final fracture map and finally digitised to create
the heat map.

Two dimensional fractured images of each fractured femoral neck
were aligned to the non-fractured template by making sure that the
centre of the femoral head and neck and the edges aligned (Fig. 2).
Compilation of the fracture lines was performed in an open-source
graphic image editor, GIMP 2.10. The virtual reduction and fracture
maps were performed by the bioengineers (HY and RD) and approved by
the senior trauma surgeon and lead author (SM).

Heat maps

In order to graphically represent relative fracture line intensity in
colour on heat maps, the fracture maps were digitized and converted
into co-ordinate points using a custom code generated in matplotlib 3.3
in Python. The density of these co-ordinate points was plotted, where
high density regions were represented by red colour and low-density
regions were represented by blue colour in a manner similar to the
one described by Mellema et al [17]. See Fig. 3.

Results

A total of 25 fractures in 25 males (average age 22years, range 18 —
32) were available for fracture mapping. Fourteen of the cases involved
the right neck of femur, and 11 the left side. Nineteen were complete
fractures with displacement, 6 were undisplaced or had unicortical
involvement.

All fractures revealed some degree of comminution, including the
cases that appeared to be unicortical on plain film radiography. The six
undisplaced or unicortical involvement cases revealed more extensive
fracture lines that were not initially appreciated on x-ray (Fig. 4). All but
two cases remained within the capsular confines of the femur neck. The
two exceptions were cases where the primary fracture lines are within
the neck, but there is propagation beyond the femur neck to include the
lesser trochanter and subtrochanteric areas. In each of cases the frac-
tures were caused by a single projectile.

In three cases there was fracture extension into the superior aspect of
the femoral head, and one case showed extension into the inferior part of

Fig. 1. Schematic representation of the workflow to reduce and reorientate the fractures from CT scans. a) CT scan obtained from the patient b) Identified fractures
segmented on Materialise Mimics c¢) Fractures exported to 3-Matic d) Fracture segments after anatomical realignment.
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Fig. 3. a) The final fracture map after including all the fracture lines b) The final heat map.

the femoral head. There was no uniform or predictable pattern of
propagation of the fracture lines from the entry point of the projectile.

Discussion

Closed neck of femur fractures in young patients are often the result
of high energy trauma, and there are many gaps identified in their
treatment [16]. When treated with internal fixation they have high
complication rates with avascular necrosis, early implant failure and
non-union having been reported in up to 28 % of patients [18-21]. It has

been shown that anatomic reduction and stable fixation are good pre-
dictors of outcome and are the only factors within the surgeon’s control
[22,23]. Gunshot fractures of the femur neck are notoriously difficult to
treat with universally poor outcomes and have been described as
‘doomed to failure’ [14].

We aimed to identify the location, distribution and frequency of
femur neck fracture patterns secondary to civilian gunshot injuries.
Currently there is no available literature on fracture mapping in civilian
gunshot fractures of the femoral neck. Available studies have been
performed in closed injuries and the benefits of this technique have been
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Fig. 4. An example showing fracture extent not apparent on plain films, but visible on CT scans

confirmed in the scapula, olecranon, femur, tibia plateau and ankle,
acetabulum fractures [17,24-31]. Superimposing fracture lines from a
diverse number of injuries onto a standard template assists with
improving of understanding of the injuries.

In our analysis we have identified common fracture patterns, as well
as the presence of comminution that is nearly constant. The presentation
of fracture lines is rather diverse, and the morphologic characteristics
reveal common involvement of the subcapital and posterior regions of
the femur neck, which may explain the poor prognosis of these injuries
[14,32]. Extension beyond the confines of the hip joint capsule is rare,
we only found two cases with fracture line propagation that extended
into the trochanteric region.

Comminution is standard and this alone is a known risk factor for
poor outcome in femur neck fractures. The presence of comminution
often precludes the surgeon’s ability to both obtain and maintain a
perfect reduction. Some fracture line propagation was only apparent on
CT scanning and in some of these cases the extent of the fracture line was
not appreciated on plain film radiography. Not appreciating the non-
visible fracture lines on plain radiography can lead to missed NOF
fractures and delayed diagnosis [33].

Current classification systems exist for intracapsular neck of femur
fractures, but these are based on closed fractures, rather than pene-
trating injuries [34-36]. In their case report, Ho et al note that “there is
yet a worldwide consensus on the classification system or management
guidelines for the management of gunshot injuries” [6]. We noticed in
our series that in some cases there was fracture line propagation into the
superior and inferior parts of the femur head (Fig. 3). This extension is
not catered for in the current OTA/AO classification.

The retrospective nature as well as the low number of cases studies
represent a limitation in our study. These are however rare injuries, from
an area with a high incidence of civilian gunshot injuries, so this series
represents unique work form a high-volume centre. The evaluation of
fracture frequency using heat maps was qualitative and can therefore
only provide visual information.

Also, this was a radiological study only and therefore the treatment
modalities utilised as well as clinical outcomes of these patients were
beyond the scope of this manuscript.

Conclusion

This was the first study to perform 3D fracture mapping for civilian
gunshot fractures to neck of femur. There was universal presence of
comminution in the fractures, and in some cases extension into the
femoral head. Some of the fracture line propagation does not fit into the
current OTA/AOQ Fracture Classification system.

This exercise has helped with better understanding of the commonest
fracture patterns and it also assisted with surgical planning, fracture

reduction and fixation.
Further studies with higher patient numbers are required in order to
add onto this sparse body of knowledge.
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