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Trauma Surgery
& Acute Care Open

» Additional supplemental
material is published online
only. To view, please visit the
journal online (https://doi.
0rg/10.1136/tsaco-2023-
001241).

'Orthopedic Surgery, The Johns
Hopkins Hospital, Baltimore,
Maryland, USA

“Orthopaedic Surgery, New York
University Grossman School

of Medicine, New York, New
York, USA

*Orthopaedic Surgery, University
of California Irvine School of
Medicine, Irvine, California, USA

Correspondence to
Henry Tout Shu; henryshu16@
gmail.com

© Author(s) (or their
employer(s)) 2024. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BM.

To cite: Shu HT,

Ghanem D, Rogers DL, et al.
Trauma Surg Acute Care Open
2024;9:e001241.

Henry Tout Shu

," Diane Ghanem," Davis L. Rogers,' Oscar Covarrubias,'

Paul Izard,? Jacques Hacquebord,? Philip Lim,? Ranjan Gupta,® Greg M. Osgood,’

Babar Shafiq’

ABSTRACT

Introduction The purpose of this study was to describe
the outcomes after operative repair of ballistic femoral
neck fractures. To better highlight the devastating nature
of these injuries, we compared a cohort of ballistic
femoral neck fractures to a cohort of young, closed,
blunt-injury femoral neck fractures treated with open
reduction and internal fixation (ORIF).

Methods Retrospective chart review identified all
patients presenting with ballistic femoral neck fractures
treated at three academic trauma centers between
January 2016 and December 2021, as well as patients
aged <50 with closed, blunt-injury femoral neck fractures
who received ORIF. The primary outcome was failure

of ORIF, which includes the diagnosis of non-union,
avascular necrosis, conversion to total hip arthroplasty,
and conversion to Girdlestone procedure. Additional
outcomes included deep infection, postoperative
osteoarthritis, and ambulatory status at last follow-up.
Results Fourteen ballistic femoral neck fractures and
29 closed blunt injury fractures were identified. Of the
ballistic fractures, 7 (50%) patients had a minimum of
1-year follow-up or met the failure criteria. Of the closed
fractures, 16 (55%) patients had a minimum of 1-year
follow-up or met the failure criteria. Median follow-up
was 21 months. 58% of patients with ballistic fractures
were active tobacco users. Five of 7 (71%) ballistic
fractures failed, all of which involved non-union, whereas
8 of 16 (50%) closed fractures failed (p=0.340). No
outcomes were significantly different between cohorts.
Conclusion Our results demonstrate that ballistic
femoral neck fractures are associated with high rates of
non-union. Large-scale multicenter studies are necessary
to better determine optimal treatment techniques for
these fractures.

Level of evidence Level lll. Retrospective cohort study.

INTRODUCTION

Firearm injuries remain a major US public health
issue, with an annual average of 85,694 emergency
department visits per year between 2009 and 2017
for non-fatal firearm injuries.! Ballistic femoral
neck fractures are exceedingly rare and are typi-
cally due to gunshot injury.>'° Previous case series
regarding ballistic fractures of the proximal femur
have included peritrochanteric, femoral head, and
femoral neck fractures.*”® In 2020, Maqungo et al
reported 15 ballistic femoral neck fractures in their

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Ballistic femoral neck fractures are rare injuries
with few studies examining outcomes after
operative repair of this injury.

WHAT DOES THIS STUDY ADDS

= This study demonstrates that operative repair of
ballistic femoral neck fractures has a very high
rate of failure and was associated with a non-
union rate of 71%.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY

= Our results suggest that future studies should
explore primary total hip arthroplasty versus
operative repair of these fractures.

cohort of 32 patients with ballistic fractures of the
hip.® Of those patients, 4 (26%) of 15 femoral neck
fractures failed, most commonly due to dynamic
hip screw cut-out.® Notably, other studies have also
reported poor outcomes after these fractures, with
high rates of failure and/or conversion to total hip
arthroplasty (THA).”

Furthermore, these injuries tend to occur in
younger patients, which makes the decision to
perform primary arthroplasty challenging.> *
Because arthroplasty in young patients is expected
to result in future revision procedures secondary
to normal implant wear, management of femoral
neck fractures in young patients classically involves
preservation of the native femoral head with
open reduction and internal fixation (ORIF).!! 12
However, in some cases, there may be such exten-
sive fracture comminution that ORIF may be non-
feasible in ballistic fractures.!

To date, there have been no studies exclusively
examining ballistic femoral neck fractures. Addi-
tionally, there have been no studies that have
compared the outcomes after these injuries to
that of closed, blunt-injury femoral neck fractures
in young patients. Therefore, the purpose of this
study was to describe the outcomes after operative
repair of ballistic femoral neck fractures. To better
highlight the devastating nature of these injuries,
we compared a cohort of ballistic femoral neck
fractures to a cohort of closed, blunt-injury femoral
neck fractures treated with ORIF.
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Table 1  Overall patient factors
Ballistic femoral neck Closed Blunt-Injury
fractures femoral neck fractures P value
N=14 N=29
Age (years) 26 (23 t0 29) 36 (25 to 42) 0.078
Gender (female) 2 (14%) 6 (21%) 0.613
BMI 22.4(19.4 t0 25.1) 23.7 (20.8 to0 26.5) 0.476
Active tobacco 7 (58%) 7 (24%) 0.090
use
Diabetes 0 (0%) 2 (7%) 0.314
Length of 7(4t012) 6 (410 10) 0.907
hospital stay
(days)
Follow-up 6(2to21) 12 (6 to 21) 0.364
(months)
Minimum 1-year 6 (43%) 15 (52%) 0.586
follow-up
Minimum 1-year 7 (50%) 16 (55%) 0.750

follow-up or met
failure criteria*

Values are represented as median (IQR) or as the number of patients (percentage
of the group) where appropriate. P values are from the Wilcoxon rank-sum test or
% test.

*Failure criteria include non-union, avascular necrosis, conversion to total hip
arthroplasty, or conversion to Girdlestone procedure.

BMI, body mass index.

METHODS

Institutional Review Board approval was obtained at three urban
Level 1 trauma centers, with three institutions located on the
East Coast and one institution located on the West Coast of the
USA. Retrospective chart review was then performed to iden-
tify all patients who had undergone operative management of
femoral neck fractures between January 2016 and December
2021. These patients were identified with the CPT codes 27235
(percutaneous fixation femoral neck fracture) and 27236 (open
treatment of femoral neck fracture, with internal fixation
or hemiarthroplasty). Electronic medical records were then
manually reviewed to identify ballistic fractures. All patients
presenting with ballistic fractures were included. A comparison
cohort, which included consecutive patients <50 years of age
with blunt-injury femoral neck fractures who were treated with
ORIF over the same time period was identified. The closed,
blunt-injury cohort only had the CPT code of 27236. The oper-
ative reports of these patients were manually reviewed to verify
that all patients had received an open reduction. A total of 14
ballistic femoral neck fractures and 29 young, closed, blunt-
injury femoral neck fractures that received ORIF were identi-
fied over the specified time period (table 1). The rationale for
comparing ballistic fractures to a cohort of young (<50 years
of age), closed, blunt-injury femoral neck fractures that received
ORIF was that these fractures classically have high rates of major
complications, such as non-union, osteonecrosis of the femoral
head, and malunion." '* Recently, the Young Femoral Neck Frac-
ture Working Group has demonstrated that young patients (<50
years of age) with femoral neck fractures had an overall major
complication rate of 45%, with 32% of all patients undergoing
subsequent major reconstructive operation.'* Thus, we hypoth-
esized that these patients represent a more optimal comparison
group with whom to compare outcomes. This study fulfills the
Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines for retrospective cohort studies.
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Patient factors, fracture characteristics, and surgical factors
Patient factors included age, gender, body mass index (BMI),
active tobacco use, type 2 diabetes mellitus diagnosis, length
of hospital stay, and length of final orthopedic follow-up. The
length of orthopedic follow-up was defined as the time between
the date of operation and the final follow-up visit that included
radiographs and/or CT imaging of the fracture. Fracture charac-
teristics included fracture displacement and the Arbeitsgemein-
schaft fiir Osteosynthesefragen Foundation/Orthopaedic Trauma
Association (AO/OTA) classification.' Surgical factors included
time from injury to operation, type of implants used, surgical
approach for reduction, and fracture reduction quality. Type of
implants included cannulated screws, dynamic hip screw, blade
plate, and modern fixed angle constructs, which included either
the Femoral Neck System (DePuy Synthes, West Chester, PA) or
the Conquest FN (Smith & Nephew, Warford, England, UK).
The fracture reduction quality was graded as excellent reduc-
tion (<2mm of displacement and <5 degrees of angulation in
any plane), good reduction (2 to 5 mm displaced and/or 5 to 10
degrees of angulation), fair reduction (>5to 10mm displaced
and/or >10to 20 degrees of angulation), and poor reduction
(>10 mm displaced and/or >20 degrees of angulation) per Haid-
ukewych et al.'' Reduction quality was graded by the treating
surgeons at each institution.

Outcomes

The primary outcome was failure of ORIF, which includes the
diagnosis of non-union, avascular necrosis, conversion to THA,
and conversion to Girdlestone procedure. Additional outcomes
included deep infection, postoperative osteoarthritis, and ambu-
latory status at last follow-up. Non-union was defined as failure
of fixation, which includes implant breakage and/or loss of
reduction, or persistence of a visible fracture line at a minimum
of 6months after ORIE.!! Postoperative osteoarthritis was
defined by the presence of joint space narrowing, osteophytes,
subchondral sclerosis, and/or subchondral cysts on postopera-
tive hip radiographs. Deep infection was defined as any infec-
tion requiring subsequent operation, which includes irrigation
and debridement with or without removal of hardware and/or
Girdlestone procedure.

Statistical analysis

Patients were included for outcomes analysis if they met failure
criteria or if they had a minimum of 1-year follow-up. Of the
ballistic fractures, 7 (50%) of 14 patients had a minimum of 1-year
follow-up or met the failure criteria, and thus were included for
outcomes analysis (table 1). Of the closed, blunt-injury femoral
neck fractures, 16 (55%) of 29 patients had a minimum of 1-year
follow-up or met the failure criteria, and thus were included for
outcomes analysis (table 1). The Wilcoxon rank-sum test was
used to compare continuous variables between ballistic fractures
and closed, blunt-injury fractures as no continuous variables
were found to be normally distributed by Shapiro-Wilk testing.
Continuous variables are reported as median (IQR) because no
variables were found to be normally distributed. %> testing was
used to compare categorical variables between groups. An o
value of 0.05 was used. Patients with missing data were excluded
from analysis. Any missing data is reported in the tables.

RESULTS

Patient factors, fracture characteristics and surgical factors

A total of 14 ballistic femoral neck fractures and 29 closed,
blunt-injury femoral neck fractures that received ORIF were
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Table 2 Overall fracture characteristics and surgical factors

Closed blunt-injury

Ballistic femoral femoral neck

neck fractures fractures P Value
N=14 N=29

Time from injury to 1(0to1) 1(0to1) 0.363
operation (days)
Displaced fracture 11 (79%) 29 (100%) 0.010
AO classification

Subcapital* (31B1) 5 (36%) 5 (17%)

Transcervical* (31B2) 5 (36%) 17 (59%)

Basicervical* (31B3) 1 (7%) 5(17%) 0.009

Unreported 3 (21%) 2 (7%)
Implants

Cannulated screw 4 (29%) 8 (28%)

Dynamic hip screw 5 (36%) 14 (48%)

Modern fixed angle 1 (7%) 6 (21%)

constructt

Blade plate 3(21%) 1 (3%) 0.190

Unreported 1 (7%) 0 (0%)
Surgical approach for reduction

Direct anterior (Smith- 8 (57%) 23 (79%)

Peterson)

Anterolateral (Watson- 2 (14%) 6 (21%)

Jones)

Closed reduction 4 (29%) 0 (0%) 0.010
Fracture reduction quality#

1—Excellent 7 (50%) 22 (76%)

2—Good 2 (14%) 3 (10%)

3—Fair 1 (7%) 2 (7%)

4—Poor 0 (0%) 0 (%) 0.737

Unreported 4 (29%) 2 (%)

Values are represented as median (IQR) or as the number of patients (percentage of
the group). P values are from the Wilcoxon rank-sum test or ? test.

*Per the AO/OTA (2018) fracture compendium.'

tEither the Femoral Neck System (DePuy Synthes, West Chester, PA) or Conquest FN
(Smith & Nephew, Warford, England, UK).

tFracture reduction was graded as excellent (<2 mm of displacement and <5
degrees of angulation in any plane), good (2 to 5mm displaced and/or 5 to 10
degrees of angulation), fair (>5to 10 mm displaced and/or >10to 20 degrees of
angulation), and poor (>10mm displaced and/or >20 degrees of angulation) per
Haidukewych et al."

identified (table 1). Patients with ballistic femoral neck fractures
had a median (IQR) age of 26 years (23 to 29 years) and BMI of
22.4 (19.4 to 25.1). Patients with closed, blunt-injury fractures
had a median (IQR) age of 36 years (25 to 42 years) and BMI of

PORTABLE

Figure 1

23.7 (20.8 to 26.5). Median follow-up was 21 months (13 to 32
months) for ballistic fractures and 21 months (13 to 31 months)
for closed, blunt-injury fractures included in outcomes analysis.
No patient factors were significantly different between the two
groups (table 1). When examining only patients with a minimum
of Tyear follow-up or who have met the failure criteria, no
patient factors, fracture characteristics, or surgical factors were
significantly different between patients with ballistic fractures
and patients with closed, blunt-injury fractures (online supple-
mental tables 1 and 2).

Overall, patients with ballistic fractures had a greater percentage
of closed reductions compared with the closed, blunt-injury group
(29% vs 0%, p=0.010) as the ballistic femoral neck fracture
group had fewer displaced fractures (79% vs 100% displaced,
p=0.010) (table 2). The closed, blunt-injury group had a greater
proportion of transcervical fractures (59% vs 36%, p=0.009).
Time to operation, type of implants used, and fracture reduction
quality were not significantly different between the two groups.
Notably, no ballistic fractures were treated with primary THA.
Thirteen (93%) of 14 patients received ORIF of their ballistic frac-
ture. Notably, one patient with a ballistic femoral neck fracture
had such extensive fracture comminution that a reduction could
not be performed (figure 1A). Thus, a salvage procedure with a
vascularized fibular strut autograft to reconstruct the femoral neck
was performed with a blade plate for neutralization (figure 1B).
Unfortunately, the patient was lost to follow-up shortly after his
hospitalization but returned to clinic 3years postoperatively. At
that point, his radiographs demonstrated collapse of the fixation
construct with breakage of the blade plate (figure 1C). The patient
was offered THA but deferred it. He did not have any interval
follow-up and did not elect any revision operation.

Outcomes

When examining only patients with a minimum of 1-year
follow-up or who have met the failure criteria, none of the
outcomes were significantly different between the groups
(table 3). Notably, 71% of ballistic femoral neck fractures
failed as compared with 50% of closed, blunt-injury fractures
(p=0.340) (table 3). All five of the ballistic fractures that failed
developed non-union, with one patient requiring conversion to
THA as they had also developed avascular necrosis (table 3).
Only one patient with a displaced ballistic femoral neck fracture
did not experience failure. The radiographs of that patient at
1-year follow-up are demonstrated in figure 2.

DISCUSSION
The results of our study demonstrate that ballistic femoral neck
fractures had very high complication rates and poor outcomes.

(A) Preoperative anterior-posterior (AP) pelvic radiographs demonstrating a right ballistic femoral neck fracture with obliteration of the

entire neck. (B) Immediate postoperative AP pelvis radiograph after treatment with a vascularized fibular graft femoral neck reconstruction stabilized
by a blade plate. (C) Final 3-year follow-up radiographs demonstrating non-union with hardware failure. The patient did not have any interval follow-

up and did not elect revision operation.
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Table 3  Outcomes of patients with a minimum of 1-year follow-up
or who have met the failure criteria®

Closed blunt-injury

Ballistic femoral ~ femoral neck

neck fractures fractures P value
N=7 N=16
Met failure criteria* 5(71%) 8 (50%) 0.340
Follow-up (months) 21 (1310 32) 21 (13 to 31) 0.893
Non-union 5(71%) 6 (38%) 0.134
Avascular necrosis 1(14%) 1 (6%) 0.529
Conversion to total hip 1 (14%) 2 (13%) 0.907
arthroplasty
Conversion to 0 (0%) 1 (6%) 0.499
Girdlestone procedure
Deep postoperative 1 (14%) 2 (13%) 0.907
infection
Postoperative hip 0 (0%) 0 (0%) 1.000
osteoarthritis
Ambulatory status at final follow-up
Unassisted 5(71%) 13 (81%)
Required assisted gait 1 (14%) 2 (13%)
device
Non-ambulatory 1 (14%) 1 (6%) 0.805

Values are represented as median (IQR) or as the number of patients (percentage of
the group). P values are from the Wilcoxon rank-sum test or 2 test.

*Failure criteria include non-union, avascular necrosis, conversion to total hip
arthroplasty, or conversion to Girdlestone procedure.

With a minimum follow-up of 1 year, 5 (719%) out of 7 patients
with ballistic femoral neck fractures failed, with all 5 of those
failures being non-union. Of those five failures, one patient also
had avascular necrosis and was converted to a THA. Although,
the outcomes were not significantly different between cohorts,
likely due to small sample size, this study provides insight into
the high complication rates of young adults ballistic femoral neck
fractures relative to those with closed blunt injuries. Notably,
the 50% failure rate of our blunt-injury cohort is similar to the
45% failure rate of young femoral neck fractures receiving ORIF
as reported by Collinge et al.'® Similar to this study, Collinge
et al’s definition of failure included non-union, osteonecrosis,

3

and any secondary major reconstructive operation.'> However,
they also included malunion, which was defined as vertical or
femoral neck shortening of =10 mm, which was not assessed in
this present study.'?

The non-union rate of our ballistic femoral neck fractures is
greater than the non-union rates reported in previous studies
examining these fractures. Zhang et al reported an overall non-
union rate of 9% in 69 patients with ballistic hip fractures.”
However, their cohort also included peritrochanteric fractures,
and thus the failure rate of their ballistic femoral neck fractures
independent of other hip fractures is unclear. Interestingly, they
reported that 65% of their ballistic fracture patients were active
tobacco users, which is similar to our cohort. These findings
suggest that the active tobacco use in this patient population may
partially contribute to the high rate of non-union, as tobacco
use has been identified as a risk factor for non-union in multiple
studies.'® 7 Similarly, in an abstract presented at the Orthopaedic
Trauma Association 2020 meeting, Jo et al reported a non-union
rate of 15% in 20 patients with ballistic femoral neck fractures,
which is far lower than the non-union rate in our cohort of
83%.' The discrepancy between Jo et al’s non-union rate and
the non-union rate in this study may be due to the fact that we
had only included patients in our outcomes analysis if they had
a minimum 1-year follow-up or if they failed earlier than 1year.
Nevertheless, ballistic femoral neck fractures generally seem to
have far greater rates of non-union than that of young blunt-
injury femoral neck fractures, which have a non-union rate of
8% to 9%."' " Moreover, our displaced fracture failure rate of
71%, which were primarily due to non-union, is similar to the
failure rate of Maqungo et al’s cohort.® When examining only
their patients with greater than 6 months of follow-up, 100% (4
of 4) of their ballistic femoral neck fractures required revision
operation.®

We hypothesize that the high rate of non-union in ballistic
fractures may be due to severe fracture comminution, which can
preclude successful ORIF, and the high rates of active tobacco use
in this patient population. Recently, Collinge et al demonstrated
that young patients with femoral neck fractures undergoing
ORIF have a technical error rate of 50%, which was associated
with an increased risk of treatment failure, especially in displaced
fractures.'* As ballistic femoral neck fractures can have far more

Figure 2

(A) Preoperative anterior-posterior (AP) pelvic radiographs demonstrating a displaced right ballistic femoral neck fracture. (B) One-month

postoperative AP hip radiograph demonstrating fixation with a blade plate. Additionally, a 2.7 mm buttress plate was applied anterior-inferiorly on the
femoral neck to aid in achieving reduction of the femoral neck. (C) One-year follow-up AP hip radiograph demonstrating healing of the femoral neck

with no breakage of implants.
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comminution than blunt-injury fractures, one would expect that
there may be a greater rate of technical errors in these patients
secondary to an increased difficulty of achieving an appropriate
reduction. Interestingly, in our cohort, the fracture reduction
quality for patients with displaced ballistic femoral neck frac-
tures with a minimum 1-year follow-up were graded as either
excellent (50%) or good (33%) (online supplemental table 2),
suggesting that technical errors regarding reduction may not
have played a major role in the poor outcomes in our patients.

Given the high rates of failure in these injuries, there may
be a role for evaluation of the femoral neck blood supply after
these fractures to determine the feasibility of ORIE.2°2! Further-
more, the high rates of failure in these young patients suggest
that primary THA may be a potential treatment option in these
patients. Recently, Bell et al reported performing primary THA
for a ballistic femoral neck fracture with severe comminution of
the neck.'® Interestingly, the injury radiographs in their patient
are similar to the injury radiographs of our patient shown in
figure 1, which demonstrated severe comminution of the femoral
neck that was irreducible. They demonstrate that at 2-year
follow-up, the patient had excellent outcomes with full return
to activity.!® Nevertheless, we were hesitant to perform primary
THA in these ballistic fractures due to their young age and the
need for future revision, as studies have demonstrated 10-year
THA revision rates to be about 10% in young patients.??* Addi-
tionally, younger patients will likely need to undergo multiple
revision procedures, with each revision having shorter survival
periods.”

Limitations

A major limitation of this study is sample size, as there were
only 14 ballistic injuries over a 5-year period between three
institutions. This small sample size also precluded us from
performing multivariable logistic regression to adjust for poten-
tial confounders regarding failure and non-union. For instance,
although we had observed that a large proportion of patients
with ballistic fractures had active tobacco use (58%), we were
unable to draw conclusions regarding its effect on the risk of
failure or non-union. Additionally, the retrospective nature of
this study, which included the grading of fracture reduction by
the treating surgeon, precludes us from excluding assessment
bias, as surgeons may tend to underestimate the number and
severity of their own complications in chart documentation.
Furthermore, the limited 1-year follow-up of about 50% in both
cohorts limits our ability to form conclusions regarding avas-
cular necrosis, post-traumatic hip osteoarthritis, and conversion
to THA. Nevertheless, the high rate of non-union and failure in
our cohort, despite the relatively limited follow-up, suggests that
ballistic femoral neck fractures are devastating injuries with poor
outcomes after ORIF.

CONCLUSION

Although ORIF is often considered the optimal treatment in
young patients, our results demonstrate that ballistic femoral
neck fractures have high rates of non-union. These results help
surgeons in counseling patients with these fractures about the
high likelihood of requiring revision operation. Large-scale
multicenter studies are necessary to better determine optimal
treatment techniques for these fractures, which may involve
primary THA.
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