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ABSTRACT
Steel rod impalements, mostly experienced by construction workers due to falls from heights, are known entities, but only some individuals unfortunately suffer spinal cord injury. The management of the spine involved injuries is challenging due to the lack of guidelines,
various clinical presentations resulting from different trajectories, and high risk of infection. We report a case of steel rod impalement
involving the spinal canal and review the literature to enhance the management strategies and to identify the risk factors for possible
complications, particularly infection.A 37-year-old male construction worker presented to our emergency department due to falling onto
a concrete reinforcing steel rod that penetrated through his perineum to the L4 vertebra. Examination revealed paralysis and sensory
loss of the left foot. The rod was removed in the operating room (closed removal) under general anesthesia, followed by laparotomy.
Rectal laceration was primarily repaired, and colostomy was performed. In a separate session, laminectomy was performed. At 3 months
post-discharge, the patient was ambulatory with armrest based on the same motor examination performed on presentation This case
is a good example of careful preoperative planning, multidisciplinary involvement, and appropriately sequenced interventions resulting in
an acceptable outcome for an injury with high morbidity and mortality and demonstrates the feasibility and potential benefits of closed
removal of the rod in an operating room just before laparotomy.The presence of an intestinal perforation increases the infection risk, but
infections can still be prevented in this setting. Shorter time intervals between the incidence and surgery may reduce the infection rate.
Keywords: Impalement; iron rod; penetrating spinal injury; rebar; steel rod.

INTRODUCTION
Steel rod impalements, mostly experienced by construction
workers due to falls from heights, are known entities, but
only a few patients unfortunately suffer spinal cord injury
(SCI). The management of these injuries is challenging due to
the lack of guidelines, various clinical presentations resulting
from different trajectories, and high risk of infection. They
are mostly “once-in-a-lifetime” cases even for the reasonably
experienced trauma surgeons. In addition to their rarity, not

knowing the management strategy beforehand is one of the
major obstacles in achieving successful treatment outcomes
in these emergent situations.
The actual incidence of spinal trauma due to steel rod
impalement has not been reported. “Other penetrating
wounds: stabbing, impalement, etc.” accounts for only 0.3%
of all SCIs, and steel rod impalements constitute only a
part of these according to the National Spinal Cord Injury
Database.[1]
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Here, we present the case of a concrete reinforcing steel rod
penetrating through the perineum into the L4 vertebral body,
which was successfully managed using a multidisciplinary approach, with planned diagnostic workup and sequenced surgical procedures. We further discuss the management strategies with a review of previous case reports owing to the lack
of guidelines for this rare condition.

CASE REPORT
A 37-year-old male construction worker was admitted to our
emergency department due to falling from the second floor
onto a concrete reinforcing steel rod approximately 20 min
before admission. On inspection, it was apparent that a steel
rod had penetrated the skin through the perineum (Fig. 1).
He was conscious with a respiratory rate of 17 breaths/min,
blood pressure of 136/92 mmHg, and heart rate of 96 bpm.
There was no active external bleeding. His medical history
was not significant, and physical examination was normal, except for paralysis of the dorsal and plantar flexor muscles and
numbness of the left foot.
Multiplanar computed tomography (CT) of the lumbar spine
revealed a foreign body penetrating through the perineum to
the left posterosuperior margin of the L4 vertebral body (Fig.
2a-d). The patient was transferred to the operating room
following the administration of tetanus for prophylaxis and
empirical antibiotics (vancomycin 1 g intravenous (iv) by slow
infusion over 1 h + meropenem 2 g iv). In addition to the neurosurgeons, general and cardiovascular surgeons were also
included in the operating team.

tum. The rod damaged the sigmoid mesocolon and entered
the spine through the anterior surface of the S1 vertebral
body. Rectal laceration was primarily repaired, and colostomy
was performed from the sigmoid colon to the abdominal
wall. The patient was transferred to the intensive care unit
post-surgery with a neurological examination finding similar to the preoperative state. New lumbar CT and lumbar
magnetic resonance imaging (MRI) were ordered (Fig. 3a-d).
The patient was again operated to remove the intracanalicular bony fragments 14 h after the incidence. He was placed
in the prone position, and L5 laminectomy was performed.
The bony fragments were ablated using an ultrasonic bone
shaver (BoneScalpel; Misonix, NY, USA). On exploration, the
anterior surface of the dura at the L4 and L5 vertebral levels
was observed to have been lacerated longitudinally on the left
side, and the cauda equina roots were also damaged at this
level. A tissue sealant (Tisseel; Baxter, CA, USA) was used
for repair, and an autogenic fat graft on the lesion was placed
to prevent cerebrospinal fluid (CSF) leakage. The spine was
stabilized by a transpedicular screw system (Fig. 4a-b). There
was no significant motor function change after the surgery.
On postoperative day 2, the urinary catheter was removed,
and the patient did not report any urinary problems thereafter. His anal sphincter tonus was normal and could be constricted voluntarily. No sign of infection was seen on clinical
and laboratory examinations; therefore, antibiotic treatment
(vancomycin + meropenem) was terminated on day 14 after

(a)

(b)

(c)

(d)

The rod was loose and was gently pulled out externally before the surgery in the operating room under general anesthesia. Skin laceration was sutured, and the patient was
placed in the supine position for laparotomy, which was performed via median umbilical incision by a general surgeon.
There was no major vascular injury, but there was an approximately 1 cm laceration on the anterior surface of the rec-

Figure 1. The patient was impaled with a steel bar through his
perineum.
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Figure 2. Sagittal (a), axial (b), and three-dimensional (c, d) views
of the preoperative noncontrast CTs showing a foreign body (steel
rod) penetrating through the perineum to the left posterosuperior
margin of the L4 vertebral body.
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Figure 3. Sagittal (a) and axial (b) views of the post-laparotomy noncontrast CTs revealing bony fragments in the spinal canal. Sagittal (c)
and axial (d) views of the post-laparotomy MRI revealing the association between cauda equina roots and bony fragments in the spinal canal.

(a)

(b)

(c)

(d)

Figure 4. Sagittal (a) and axial (b) views of the post-laminectomy noncontrast CTs revealing the removal of the bony fragments from the
spinal canal. Sagittal (c) and axial (d) views of the post-laminectomy MRI revealing the decompression of the cauda equina roots.

the incidence. The patient was discharged with paralysis of
the dorsal and plantar flexor muscles of the left foot. At 3
months following the injury, he was ambulatory using an armrest based on the same motor examination as that performed
on presentation, with no bowel and urinary incontinence.

DISCUSSION
Eight case reports involving nine patients with steel rod impalement injuries involving the spine were identified in an extensive review of the English literature on PubMed (Table 1).
We concluded that steel rod impalement injuries sparing the
spine are not extremely rare, with different entrance sites,
such as the oral cavity,[2] orbita,[3] nose,[4] cranium,[5] neck,[6]
thorax,[7] abdomen,[8] hand,[9] rectum,[10] buttock,[11] and groin.
[12]
Most victims of steel rod impalement injuries are construction workers, and we believe that occupational safety
specialists have to focus on this type of injury to decrease the
incidence of this mostly preventable condition. No specific
management guideline is currently available owing to the rarity of this injury type. Thus, we aimed to discuss the current
management strategies, particularly the controversial ones, in
a step-by-step approach.

Management in the Emergency Department and
Radiographic Studies
A patient suspected with a steel rod impalement injury involving the spine must undergo complete trauma assessment
upon arrival to rule out any serious-associated injuries.[13]
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After ensuring a patent airway and hemodynamic stability,
radiographic studies must be performed to determine the
trajectory of the rod, which is most likely embedded in the
bony spine, as seen in the reviewed case reports. In case of
trauma parallel to the axis of the spine, the hardness of the
bony spine largely reduces the penetrating energy of the
rod, thereby blocking its passage. However, perpendicular or
oblique injuries may cross the bony spine. Only 3 (30%) of
the 10 patients in our review experienced such trauma, and
the rod’s penetrating end exited the body only in one pediatric patient.[14]
Multiplanar CT is ideal for assessing the trajectory of the rod,
its associations with the viscera and major vessels, degree of
spine involvement, bone fragments in the spinal canal, and
hematomas, if any. CT angiography (CTA) may help to determine the vascular associations in case any vascular injury is
suspected. Digital subtraction angiography can be an alternative to CTA. In our case, the conventional plain X-ray imaging was not used to save time, because it does not provide
additional information to CT in this condition. However, it
may be useful in cases in which there is difficulty in positioning the patient for CT due to the unavailability of rod
scissors. Since rods are mostly ferromagnetic, MRI may cause
heating or movement of the rod, which may exacerbate the
neurological injury. 18-Fluorodeoxyglucose positron emission
tomography/CT does not play any role in the initial management, but it can be useful in identifying spinal infection, which
is likely after such injuries.[15]
419

420
L2-3

L5-S1

L1
pedicle

S1-5
Denis
Zone
III

Back - None

Perianal None

Below right
scapula None

Perianal None

Fall from
motorcycle
(construction
site)

Fall from
height
(construction
site)

Fall from
height

Fall from
height

27
Male

66
Male

29
Male

15
Female

Horowitz et al.
1985[17]

Tokushige et al.
2000[16]

L5-S1
corpus

L4-S2

T12-S1

Right Buttock
- None

Anus - None

Perineum None

Fall from
height
(construction
site)

Fall from
height
(construction
site)

Fall from
height

30
Male

37
Male

32
Male

Wang et al.
2009[21]

Zhou et al.
2011[18]

Tan et al.
2012[19]

Schildhauer
et al., 2005[22]

ISS

Site of entry
- exit points
of rods

Mechanism

5 hours

T9
paraplegia

Acute*

S1 paralysis

2 hours

Acute*

Intact

Paraparesis,
urinary
retention,
decreased
perianal
sensation

3 hours

LLE paralysis

Acute*

Acute

L3
Paraparesis,
sensory loss

Intact, lower
back pain

*

TI

Presentation

Steel rod Impalement injuries involving the spine in reported cases

Authors & Year Age (years),
sex

Table 1.

Removal*,
laparotomy,
laminectomy
[+] (simultaneous
sessions)

Closed removal
(on injury site),
laparotomy
laminectomy, fusion
[+] (2 months
btwn. sessions)

Open removal,
laparotomy
[+]

–

–

–

–

Removal*,
laparotomy,
laminectomy,
reduction, S4 root
reanastomosis,
posterior fusion
[-] (3 days btwn.
sessions)

–

Closed removal
(on injury site),
laparotomy,
laminectomy
[+] (simultaneous
sessions)
–

–

Open removal,
laminectomy,
laparotomy [+]
(simultaneous
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Open removal,
laparotomy,
laminectomy
[-] (simultaneous
sessions)

Steroid
Use

Treatment
[+/- perforation]**
(time gap)***

–

–

+*

–

–

Cefotaxime
Amikacin

Oxacillin
Gentamicin
Clindamycin

Preoperatively

Metronidazole
Cefmenoxime
(initial)
Amikacin (later)

Azlocillin
(initial)
Meropenem
Norvancomycin
(later)

Tobramycin disc

Cefotaxime
Amikacin
Cefotiam (initial)
Imipenem
Fosfomycin
Arbekacin
(after culture)
–

Chloramphenicol
Cefamandole

Postoperatively

Antibiotics

No
improvement

Improved
muscle
strength,
no urinary
control

Full
recovery after
3 months

Right heel
numbness and
a trace
weakness of
the right
plantar flexion

Intact

Began to
improve,
died of sepsis
(107th day)

Persistent L3
paraplegia

Outcome

+

+

–

–

–

+

+

Post. Inf.
Comment

Epidural abscess
on day 40

Rectal Infection
(postlaparotomy
day 5) Rectal
CSF fistula
(postlaminectomy
day 12)

Wound infection
(8th day)
Presacral abscess

Paraspinal and
psoas abscess
(8th week)
Drainage +
antifungal therapy
for a year

Comment
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Fall while
sliding

Fall from
height
(construction
site)

11
Male

37
Male

Ozaydın et al.
2018[14]

Our Case,
2018
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Infection is a major concern in this type of injury; it
may even result in mortality as in the case presented by
Tokushige et al.[16] Five (50%) patients in our review experienced infection after the initial surgery, and all the
infected patients (100%) had intestinal (mostly rectal;
80%) perforations.[16–20] However, intestinal perforations
do not always lead to infection, similar to our case or
by Wang et al.[21] Three (30%) patients without any associated intestinal perforations did not experience any
infection.[14,16,22]
The time interval between the incidence and initial
surgery was particularly reported in only four cases.
Three of these patients with intervals of 2, 3, and 5 h developed an infection, but our patient who had an interval
of <1 h did not.[16,18,19] Unfortunately, the use of statistical
analyses was not suitable in this review to establish an
association between the time interval and infection rates
because of the small sample size. However, we hypothesized that shorter time intervals result in lower infection
rates based on existing data.
ISS: Involved spinal segment; TI: Time interval between the incident and first surgery; Post. Inf.: Postoperative infection; LLE: Left lower extremity.
*
Not specified in this case report. **± presence of rectal/intestinal perforation. ***Time gap between the abdominal and spinal operations.
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Table 1.

Infection Prophylaxis, Embedded Foreign
Body Removal, and Steroid Administration

Another factor that may affect the infection rate is the
time interval between laparotomy and laminectomy.
Three (75%) of the four patients who had simultaneous sessions of laparotomy and laminectomy developed
postoperative infection, whereas two patients who had
13-hour and 3-day long intervals, respectively, between
laparotomy and laminectomy did not. One patient developed an infection after laparotomy and was under antibiotic therapy for 2 months before laminectomy (Table 1).
Tokushige et al.[16] advocated that if the rod first penetrates the intestine, and then the spine, it would result in
an increased infection rate. Only two cases have been reported in the literature wherein the rod first penetrated
the spine and then the intestine; one had a postoperative
infection,[17] and the other showed full recovery without
any infection.[16] Therefore, it was not possible to verify
this hypothesis.
In light of this evidence, the use of broad-spectrum antibiotics and tetanus prophylaxis on admission and in the
postoperative period was recommended, similar to that
reported in other studies,[23] particularly in the setting of
intestinal perforation. The time interval between the incidence and surgery and laparotomy and laminectomy and
order of spinal and intestinal penetration of the rod may
affect the infection rates; however, further studies using
larger case series are needed to verify these speculations.
To the best of our knowledge, no patient in the literature
received high-dose steroid therapy for this injury type.
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Our patient did not receive any steroids, because their effectiveness in SCI remains controversial.[24] However, their use
is weakly suggested in SCI as an option by a recent guideline.
[25]
Furthermore, the effects of steroids on the infection rate
are also controversial with studies denoting both increased[26]
and decreased[27] rates.
As stated in previous case reports, the embedded iron rod
should not be removed at the incidence site or in the hospital by paramedics or emergency staff prior to the surgery,
because it may create laceration in a major vessel wall, possibly causing major bleeding.[13,16,17] In addition, the removal of
the rod at the incidence site may increase the infection rate.
Two patients whose embedded rods were removed at the
incidence site developed serious infections.[16,18] On the other
hand, closed removal prior to the surgery in the operation
room setting under the guidance of a general or cardiovascular surgeon may be beneficial, as seen in our case. One
certain benefit of this approach is patient positioning. The
patient can be easily placed in the supine position following
closed removal of the rod, thereby making it easy to perform laparotomy. However, whether closed removal affects
the infection rates remains unclear. The removal of the rod
before the surgery helped us prepare the surgical site more
effectively and interrupt the connection of the external environment with the body during the surgery. Touching the
unsterile rod during open removal using sterile instruments
may spread the microorganisms present on the rod to uncontaminated sites. However, it is mandatory to evaluate the
trajectory of the rod and its association with the major vessels to avoid major bleeding by unplugging a lacerated vessel
for a closed removal. Having a cardiovascular surgeon in the
team during closed removal is logical, given the risk of an
unexpected bleeding. Our case is a good example of closed
removal of the rod; however, this condition may not be applicable in all cases, and careful preoperative evaluation of the
patient is mandatory for decision-making.

Spinal Canal Decompression
In our case, only a portion of the cauda equina roots at the
affected level and side were damaged as a consequence of
physical forces of the initial traumatic event. Unfortunately,
the affected roots were completely damaged, possibly irreversibly, with the current management strategies. However,
it is well-documented that undamaged or partially damaged
roots may experience a cascade of secondary injury events
(ischemia and expanded zone of neural tissue injury), which
may result in newly developed neurological deficits.[28] The
American Association of Neurological Surgeons and Congress
of Neurological Surgeons guidelines recommend that surgical
decompression within 24 h after SCI can be performed safely
and is associated with an improved neurological outcome.[28]
Therefore, laminectomy was performed, and the bony fragments were removed to minimize secondary damage and delayed complications. This delayed-onset injury may even occur years after the first impact, with the formation of reactive
422

bone and soft tissue, thus increasing further compression.
[29]
Surgical exploration has the advantage of identifying and
repairing dural tears and may prevent the formation of CSF
fistulas, pseudomeningoceles, and intradural infections.

Conclusion
We believe that our case demonstrates a good example of
careful preoperative planning, multidisciplinary approach, and
appropriately sequenced interventions, resulting in an acceptable outcome in this injury type with high morbidity and mortality. It exceptionally demonstrated the feasibility and potential benefits of closed removal of the rod in the operating
room just before laparotomy in selected patients. The presence of intestinal perforation increases the infection risk, but
infections can still be prevented in this setting. Shorter time
interval between the incidence and surgery may decrease the
infection rates.
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Yüksekten düşme sonrasında özellikle inşaat işçilerinin etkilendikleri çelik çubuk saplanması bilinen bir travma türüdür, fakat sadece çok az sayıda
şanssız kişi bu tarz bir travma sonrasında spinal kord hasarı ile karşımıza gelmektedir. Yüksek enfeksiyon riski, farklı güzergahlara bağlı çok fazla varyasyon gösteren klinik tablolar ve ilgili herhangi bir mevcut kılavuzun bulunmaması bu tarz travmalarının başarılı yönetimini zorlaştırmaktadır. Bu yazıdaki amacımız, nadir görülen spinal kord hasarına neden olan çelik çubuk saplanması olan bir hasta sunmak, ilgili literatürleri tarayarak bu travmanın
yönetimini geliştirmek ve enfeksiyon başta olmak üzere komplikasyonlara neden olan risk faktörlerini belirlemektir. Otuz yedi yaşında erkek inşaat
işçisi çalışırken yüksekten düşme sonrası perinesinden girip L4 omurga gövdesine saplanan çelik çubuk nedeniyle başvurdu. Muayenesinde sol ayakta
motor ve duyu kaybı mevcuttu. Çelik çubuk genel anestezi altında operasyon odasında çekildi ve sonrasında laparotomi ile rektal laserasyon primer
onarılıp kolostomi açıldı. Farklı bir oturumda laminektomi yapıldı. Hastanın taburcu olduktan üç ay sonraki muayenesi gelişi ile aynıydı ve hasta koltuk
değnekleri ile yürüyebiliyordu. Bu olgu, dikkatli bir ameliyat öncesi planlama, multidisipliner yaklaşım ve farklı sekanslı planlanan girişimler ile kabul
edilebilir bir klinik sonuç elde edilmesi açısından örnek teşkil etmektedir. Laparatomi öncesi kapalı olarak çubuğun çıkartılabileceğinin uygunluğunu
ve olası yararlarını ortaya koymaktadır. Bağırsak perforasyonu enfeksiyon riskini artırmaktadır fakat bu durumda bile enfeksiyon önlenebilir. Olay ve
cerrahi arasındaki sürenin kısa olması enfeksiyon ihtimalini azaltabilir.
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