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OBJECTIVE: To systematically review the literature on penetrating spinal cord injury (PSCI) and evaluate current management
strategies, their impact on patient functional outcomes, and treatment complications.
METHODS: PubMed, Scopus, and Cochrane were searched based on the Preferred Reporting Items for Systematic-Reviews and
Meta-Analyses (PRISMA) guidelines to include studies on penetrating spinal cord injury (PSCI).
RESULTS: We included 10 articles comprising 1754 cases of PSCI. Mean age was 19.2 years (range, 16–70), and most patients were
male (89.9%). Missile spinal cord injury (MSCI) was the most common type, affecting 1623 patients (92.6%), while non-missile spinal
cord injury (NMSCI) accounted for only 131 cases (7.4%). Gunshots were the most common cause of MSCI, representing 87.2%,
while knife stabs were the most common cause of NMSCI, representing 72.5%. A total of 425 patients (28.0%) underwent surgical
intervention, and 1094 (72.0%) underwent conservative management. The conservative group had a higher rate of complete spine
cord injury compared with the surgical group (61.5% vs. 49.2; p < 0.001). Although surgery yielded a higher score improvement rate
compared with the conservative management (41.5% vs. 20.5%, p < 0.001), neither treatment strategy displayed superiority in
improving neurological outcomes for neither complete SCIs (OR:0.7, 95% CI, 0.3–1.64; I2= 44%, p= 0.13) nor for incomplete SCIs
(OR:1.15, 95% CI, 0.64–2,06; I2= 40%, p= 0.12).
CONCLUSION: Surgical and conservative management strategies proved to be equally effective on PSCI, irrespective of injury
severity. Therefore, tailored treatment strategies for each patient and careful surgical selection is advised.

Spinal Cord (2022) 60:845–853; https://doi.org/10.1038/s41393-022-00813-x

INTRODUCTION
Penetrating spinal cord injury (PSCI) involves a sharp object being
forcefully driven through the spinal column, causing a focal injury
along the tract of the object [1, 2]. While the estimated incidence
of spinal cord injury (SCI) in the USA is 17,700 per year, SCI caused
by PSCI roughly represents 5.5% and predominates disproportio-
nately among males and the young population [1, 3]. Although
blunt SCI accounts for most spinal injuries, PSCI is associated with
higher morbidity and disability rates and thus is associated with
substantial public health and economic burden [4, 5].
Studies investigating PSCI are scarce, reflecting their rarity [5, 6].

Current practices vary significantly worldwide, and several
diagnostic and management protocols have been described
[3, 7]. The management of PSCI focuses on acute and prompt
patient care, mostly following the guidelines for blunt SCI
management [8, 9]. The diagnostic workup primarily comprises
imaging, such as MRI, to assess incomplete or progressive spinal
injuries and to detect retained foreign bodies when needed [3]. In
line with the general management paradigm for traumatic
injuries, managing PSCI differs between cases and is tailored
based on injury severity, type of retained object, neurological

complications, and associated injuries–notably abdominal, thor-
acic, and pelvic viscera involvement [1, 3, 9, 10]. In some instances,
surgical strategies are of substantial importance, ranging from
wound debridement to spine decompressive laminectomy and
spine stabilization procedures [1, 9]. Similarly, conservative
therapeutic modalities, such as prophylactic antibiotics, steroids,
and blood pressure-controlling agents, play a substantial and
inspirable role [3].
Due to the limited data on the current standard of care, further

investigations are needed to guide best management strategies.
This study reviews the current literature on PSCI, focusing on
clinical characteristics, treatment strategies, and functional
outcomes.

METHODS
Literature search
A systematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [11]. PubMed, Scopus, and Cochrane were
searched from database inception to September 2021. A medical
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subject headings (MeSH) term and keyword search of each
database were conducted using the Boolean operators OR and
AND. Terms used were as follows: “penetrating OR missile OR non-
missile” AND “spine OR spinal” AND “trauma OR injury”.

Study selection
Pre-established inclusion and exclusion criteria were defined.
Studies were included if they met the following criteria: (1)
retrospective or prospective studies on patients with PSCI; (2)
patients aged 16 years or older; (3) available data on clinical
features, management, and treatment outcomes. Studies were
excluded if they: (1) were meta-analyses, reviews, editorials, letters,
or books; (2) reported pediatric (<16 years) cases; (3), contained <5
cases; (4) contained insufficient clinical data, namely lacking one
of the following: patient demographics or management details
and outcomes; (5) were not written in English.
Although important in rare diseases such as PSCI, grey literature

was not sought due to its difficulty to be identified. It is important
to keep this in context, as the absence of grey literature may
contribute to a potential selection bias.
Two authors (C.S and O.B.A) independently assessed titles and

abstracts of all extracted papers based on the inclusion and
exclusion criteria. Full texts of studies that met inclusion criteria
were then further evaluated independently by the same two
authors, and disagreements were resolved via a third author (A.S.
H.). References of the included articles were also screened for
additional relevant articles.

Data extraction
Data from included studies were extracted by two authors (L.B. and O.
B.A.) and confirmed independently by one author (A.S.H) to ensure
accuracy. Extraction variables included: authors, year, study design,
sample size, age and gender, injury type, injury mechanism, injury
level, American Spinal Cord Injury Association (ASIA) Impairment Scale
at presentation and discharge, management strategy, treatment
complications, post-treatment functional outcomes. Missing data are
either not reported by the author or reported indistinctively with
other data that could not be differentiated.

Data synthesis
The primary outcomes of interest were clinical features, management,
and functional outcomes of patients with PSCI. The level of evidence
of each article was evaluated following the 2011 Oxford Centre for
Evidence-Based Medicine guidelines. The risk of bias was indepen-
dently assessed for each article by two authors (P.P. and O.B.A.) using
the Joanna Briggs Institute checklists for case series [12, 13].

Statistical analysis
The software R version 4.1.1 (RStudio, Inc. URL: http://www.R-
project.org/; R Foundation for Statistical Computing, Vienna,
Austria) was used for all statistical analyses. R metaphor package
version 2.0–0 was used to conduct the meta-analysis. Continuous
variables are summarized as medians or means and ranges, while
categorical variables are summarized as frequencies and percen-
tages. A meta-analysis of pooled data was done according to the
types of study obtained using a random-effect model. A
statistically significant difference was considered for bilateral P <
0.05 and for ratios not crossing the value of 1, which represents
the value of no effect. Data from all studies were combined to
estimate the odds ratio with 95% confidence intervals (CIs) for
treatment strategy. The Higgins I2 test was used to assess
between-study heterogeneity.

RESULTS
Study selection
The initial literature search of PubMed, Scopus, and Cochrane
databases yielded 2136 citations (Fig.1). After duplicate

elimination, there were 1618 articles. A total of 1556 studies were
excluded based on title and abstract. Sixty-two papers were
sought for retrieval, but 4 articles were inaccessible. A total of 58
articles were evaluated for inclusion. Of the articles being
assessed, 48 articles failed to meet our inclusion criteria and were
subsequently excluded. Thus, a total of 10 articles categorized as
levels IV were included based upon the pre-specified criteria
[3, 14–22]. While one study included civilian and military injuries,
3 studies were conducted on civilian injuries only and 4 were
conducted on military injuries only. However, one article did not
specify the population or the injury setting (Table 1).
Risk of bias assessment resulted in a low risk of bias for all

included studies (Supplementary Table 1). All articles had “good”
quality, ranging 9–10, except for 2 papers that scored 8, due to
unclear clinical picture and lacking demographic data [19, 21].

Demographics and clinical characteristics
Our results of 1754 patients with PSCI demonstrate a male
predominance (88.9%) and a mean age of 19.2 years (range, 16 –
70) (Table 2). A total of 1623 (92.6%) had MSCI, and 131 (7.4%)
had NMSCI. Gunshots were the most common cause of MSCI (N=
1416; 87.2%), followed by splinters (N= 161; 9.9%); however, the
weapon for 46 (2.8%) cases were not specified. Knife stabs were
the most common cause of NMSCI (N= 95; 72.5%), followed by
screwdrivers (N= 4; 3.1%); however, the weapon for 32 (24.4%)
cases was unspecified. The specific mechanism of injury was
reported in 1653 cases. While the majority of injuries were
reported as penetrating spinal cord injuries (N= 1576; 95.3%), a
minority were referred as perforating spinal cord injuries (N= 77;
4.7%).
Among 635 patients with available data, a third (N= 218;

34.3%) had other associated injuries, mainly involving the
abdomen (N= 77; 35.3%), chest (N= 76; 34.9%), and head and
neck (N= 22; 10.1%). Among 264 patients with available data, 65
(24.6%) patients developed injury-related consequent complica-
tions, including, but not limited to, pressure ulcer (N= 20; 30.8%),
neurogenic bladder (18; 27.7%), deep vein thrombosis/pulmonary
embolism (N= 8; 12.3%), and pneumonia (N= 8; 12.3).
Survival data were available for 602 cases, showing that 41

(6.8%) patients had died at last follow-up. The cause of death
varied and included pulmonary insufficiency (N= 12; 29.3%), renal
failure (N= 6; 14.6%), and meningitis (N= 5; 12.1%), besides
several other causes.

Management strategies: conservative vs. surgical
A total of 425 (28.0%) patients were treated surgically, while 1094
(72.0%) were managed conservatively (Table 3). Indications for
surgery mainly included tissue contamination, spinal cord
compression and instability, and exploration. On the other hand,
medical treatment was mainly indicated for wound infection and
hemodynamic instability. However, indications were generally
reported without specifying the frequency of each indication.
Missile injury was the most common injury type among the
surgical (400, 94.1%) and conservative (1047, 95.7%) groups, with
gunshot being the most common in both groups (69.6% Vs.
90.6%, respectively). A significantly higher rate of complete SCI
(grade A in the ASIA score) was observed in the conservative
group (602, 61.5%) compared with the surgical group (181, 49.1%)
(P < 0.001). The thoracic spine was the most affected region
among the surgical and conservative groups, yet at incomparable
rates, with a higher rate among the conservative group (37.8 vs.
52.6; p < 0.001).
At admission, the rates of ASIA grades significantly differed

among both groups (p < 0.001; Table 3; Fig. 2). The rates of ASIA
grades for the surgical group were 49.2% for A, 23.9% for C, 13.3%
for D, 12.8% for B, and 0.8% for E; while for the conservative group,
they were 61.5% for A, 15.4% for C, 14.5% for B, 15.4% for D, and
0.7% for E. At discharge, the rate of ASIA grade A in the surgical
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group slightly decreased from 49.2% to 42.7% but remained the
prevalent grade; while among the conservative group, the rate of
ASIA grade A decreased greatly from 61.5% to 18.5%.
At last post-treatment follow-up, the surgical group had a

significantly higher ASIA score improvement rate (41.5%) com-
pared with the conservative group (20.5%), while the conservative
group had a higher rate of patients who remained stable (79.1%)
compared with the surgical group (56.1%) (p < 0.001).
By evaluating the efficacy of both treatment strategies (surgical

vs. conservative), the meta-analysis (Fig. 3) showed that neither
strategy displayed superior benefits in improving ASIA scores
among complete SCIs (OR:0.7, 95% CI:0.3–1.64; I2= 44%, p= 0.13)
and incomplete SCIs (OR:1.15, 95% CI:0.64–2,06; I2= 40%, p= 0.12).
Complication data for 284 cases of the surgical group were

available (Fig. 2). Of which, 52 (18.3%) patients developed
complications including CSF leaks/fistula 20 (38.5%), meningitis
18 (34.6%), and septic complications 6 (11.5%). Similarly, complica-
tion data were available for 278 cases among the conservative
group. A total of 25 (8.9%) patients had complications, mainly
including cerebrospinal fluid (CSF) leaks/fistula 7 (28%), meningitis
4 (16%), and pressure ulcer 3 (12%). However, most included

articles did not clarify if these complications were trauma-related
complications and consequences or treatment complications.

DISCUSSION
PSCIs represent a group of devastating traumas typically
characterized by forceful passage of a sharp object through the
spinal column, resulting in neural injuries. Our results of 1754
patients showed that the rates of functional improvement are
higher in patients managed with surgical treatments, but the
meta-analysis failed to show significant superiority.

Demographics and clinical characteristics
In this review, most patients were young men with a mean age of
19.2 years. This differs from the general data on SCI, which mainly
affects older patients (35.4 years). These results reflect the injury
settings of PSCI, which mainly involve military combats and
street fights. In contrast to blunt SCIs, PSCIs frequently result
in concomitant injuries involving the abdominal and thoracic
cavities, owing to their invading mechanisms involving multiple
organs [5].

Fig. 1 PRISMA flowchart of the search strategy. PRISMA flowchart illustrating the search strategy and data selection based on the inclusion
and exclusion criteria.
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Table 2. Summary of demographics and clinical characteristics of all
pooled patients. (N= 1754).

Characteristics (n= patients with available data) Value

Cohort size 1754

Demographics

Age (years), mean (range) (n= 1325) 19.2 (16 – 70)

Gender (male) (n= 1527) 1359 (88.9%)

Type of injury (n= 1754) No, %

Missile 1623 (92.6%)

Gunshot 1416 (87.2%)

Splinter 161 (9.9%)

Unspecified 46 (2.8%)

Non-missile 131 (7.4%)

Knife 95 (72.5%)

Screwdriver 4 (3.1%)

Unspecified 32 (24.4%)

Associated injuries (non-neurological) (n= 635) 218 (34.3%)

Abdomen 77 (35.3%)

Chest 76 (34.9%)

Head and neck 22 (10.1%)

Extremity 4 (1.8%)

Multiple injuries 17 (7.8%)

Brachial plexus 1 (0.5%)

Unspecified 21 (9.6%)

Trauma-related consequent complications (n=
264)

65 (24.6%)

Pressure ulcer 20 (30.8%)

Neurogenic bladder 18 (27.7%)

DVT/PE 8 (12.3%)

Pneumonia 8 (12.3%)

Discitis 3 (4.6%)

Neuropathic pain 2 (3.1%)

Meningitis 2 (3.1%)

Wound infection 2 (3.1%)

Intramedullary abscess 1 (1.5%)

CSF leaks/fistula 1 (1.5%)

Complications among the conservative group
(n= 278)

25 (8.9%)

CSF leaks/fistula 7 (28%)

Meningitis 4 (16%)

Pressure ulcer 3 (12%)

Sepsis complications 2 (8%)

Heterotopic ossification 2 (8%)

Local infection 2 (8%)

Myocardial infarction 1 (4%)

Neuropathic pain 1 (4%)

Unspecified 3 (12%)

Complications among the surgical group (n= 284) 52 (18.3%)

CSF leaks/fistula 20 (38.5%)

Meningitis 18 (34.6%)

Septic complications 6 (11.5%)

O. Bin-Alamer et al.

849

Spinal Cord (2022) 60:845 – 853



Among 635 cases with available data, we found that concomi-
tant injuries were present in 218 (34.3%), highlighting the
importance of timely prophylactic antimicrobial management.
Several authors have discussed specific prophylactic antimicrobial
treatment protocols, but controversies still exist. The majority
recommend broad-spectrum antibiotics for patients who sus-
tained missile and non-missile injury to the spine for at least 48 h,
with a longer duration in patients with injuries to the intestine,
especially the colon [6, 23–25].
The thoracic spine was the most commonly affected region in

our cohort, contrary to the general data on all types of SCI
reporting higher incidence rates of cervical spine injuries [1]. This
difference likely derives from the fact that most SCI are of blunt
origin, which preferentially involves the cervical spine.

Management strategies: conservative vs surgical
We found that rates of complete SCIs at patient admission time
have decreased in both management groups, but more in the
conservative group (from 61.5% to 18.5%) as compared with the
surgical group (from 49.2% to 42.7%). Although this may suggest
that conservative management may be more beneficial in patients
with complete SCI, we presume that our findings may have been
affected by patient selection bias, as surgical decompression
would be pursued preferentially for severely injured patients, who
are also less likely to improve.
Our pooled data showed that ASIA scores improved more in the

surgical group (41.5%) compared with the conservative group
(20.5%) (p < 0.001); however, the conservative group showed a

Table 2. continued

Characteristics (n= patients with available data) Value

Local infection 3 (5.8%)

Unspecified 5 (9.6%)

Survival status (n= 602) No. (%)

Alive 561 (93.1%)

Dead 41 (6.8%)

Cause of death (n= 41) No. (%)

Pulmonary insufficiency 12 (29.3%)

Renal failure 6 (14.6%)

Meningitis 5 (12.1%)

Pneumonia 3 (7.3%)

Gastrointestinal bleed 2 (4.9%)

Cardiorespiratory arrest 1 (2.4%)

Baclofen overdose 1 (2.4%)

Killed in action 1 (2.4%)

CNS infection 1 (2.4%)

Pulmonary embolism 1 (2.4%)

Unspecified 8 (19.5%)

DVT deep vein thrombosis, PE pulmonary embolism, CSF cerebrospinal
fluid.

Table 3. Clinical assessment and outcomes based on treatment strategy.

Surgical management No., (%) Conservative management No., (%) P-value

Cohort size 425 (28.0%) 1094 (72.0%)

Type of injury Missile 400 (94.1%) 1047 (95.7%) <0.001

Unspecified 25 (5.9%) 47 (4.3%)

Gunshot 296 (69.6%) 991 (90.6%) <0.001

Splinter 0 (0%) 5 (0.5%)

Unspecified 129 (30.4%) 98 (9.0%)

Injury severity Complete 181 (49.2%) 602 (61.5%) <0.001

Non-complete 187 (50.8%) 376 (38.4%)

Injury location Cervical 64 (26.3%) 192 (24.7%) <0.001

Thoracic 92 (37.8%) 408 (52.6%)

Lumbosacral 87 (35.8%) 176 (22.6%)

ASIA score at admission A 181 (49.2%) 602 (61.5%) <0.001

B 47 (12.8%) 142 (14.5%)

C 88 (23.9%) 151 (15.4%)

D 49 (13.3%) 76 (7.7%)

E 3 (0.8%) 7 (0.7%)

ASIA score at discharge A 90 (42.7%) 35 (18.5%) <0.001

B 15 (7.1%) 30 (15.9%)

C 28 (13.2%) 53 (28.0%)

D 43 (20.3%) 41 (21.7%)

E 35 (16.6 %) 30 (15.9%)

Post-treatment functional outcomes Improved 108 (41.5%) 142 (20.5%) <0.001

Stable 146 (56.1%) 546 (79.1%)

Worsened 6 (2.3%) 3 (0.4%)

ASIA American Spinal Cord Injury Association Impairment Scale.
Data may not sum up to the cohort number, as data are reported based on availability.
P-value indicate significance using Chi-square test.
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higher stability rate (79.1%) than the surgical group (56.1%) (p <
0.001). These findings are comparable to another systematic review
that examined all types of SCIs, inclusive of blunt and penetrating
mechanisms [26]. The authors found that among complete SCIs,
surgical management had a slightly less favorable ≥1 Grade
improvement outcomes compared with the conservative group,
showing an effect size of 18.4 (95% CI, 12.8–24.7) in the surgical
group compared with an effect size of 20.6 (95% CI, 10.2–32.9) in the
conservative group. This data highlights the importance of patient-
tailored management planning, weighing expected benefits with
potential complications, and pursuing surgical decompression
strategies when appropriate.
We found a significant difference in ASIA grade improvement

rates between the treatment strategies, but our meta-analysis
failed to show any superior benefit of either modality in terms of
score improvement. These results are consistent with another

systematic review that examined treatment outcomes in patients
affected by gunshot PSCIs limited to the lumbosacral spine,
finding that surgical decompression was not associated with
better neurological outcomes [25]. Although there has not been
clear evidence to draw a meaningful conclusion, most authors
agree that surgical intervention should be performed for only
specific indications such as progressive neurological deficits, spine
instability, persistent CSF leakage, and wound infection and
exploration [14, 23, 27–29].
Among the surgical group, we observed more complications

(18.3%) than in the conservative group (8.9%), consistent with
the current understanding of the management strategies and
their complication rates [27]. Despite our findings, insufficient
data and major controversies still exist regarding the risk of
complications, making it difficult to reach meaningful conclu-
sions and correlations regarding complications following

Fig. 2 Bar chart comparing ASIA score at admission and discharge between the treatment modalities. X-Axis, number of patients; Y-Axis,
ASIA score. AA, at admission; AD, at discharge.

Fig. 3 Forest plot comparing surgical intervention and conservative management for (A) Complete spine cord injury, (B) Incomplete spine
cord injury. CI, confidence interval; OR, odds ratio.
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surgical and conservative management of PSCIs. In addition,
most of our data did not explicitly indicate if the complications
were injury-related or treatment-related. We assume that it
almost impossible to eliminate the synergistic effect of the
injury and attribute the complications to each specific manage-
ment procedure irrespective of the patient’s overall condition
prior to the management. Hence, more effort is needed to
investigate the complication profile of patients with PSCIs,
clearly describing the injury-related and procedure-related
complications, along with patient functional status prior to their
management.

Pathophysiology of PSCI
Spinal cord injury can be divided into primary and secondary
(subsequent) injuries. Primary injury represents the initial mechan-
ical damage to the microenvironment, including microvascular
blood supply, leading to membrane ionic equilibrium and
disruption to the neural and glial cell membranes [30]. A cascade
of secondary injury then begins, causing permanent injury and
dysfunction [31].
The secondary injury is divided based on chronicity into three

groups: acute (within 48 h), subacute (2–14 days), intermediate
(2–6 months), and chronic (more than six months) [32]. In each
phase, different cellular mechanisms and molecular signals are
involved. During the acute phase, the blood spinal cord barrier is
disrupted, leading to an influx of cytokines and inflammatory cells
[30]. Subsequently, apoptotic cell death is initiated, activating
microglia to augment the inflammatory response and clear the
cellular debris [33]. This process leads to edema formation, which
marks the start of the subacute phase [34]. Progressing edema
leads to a vicious cycle of further ischemic and cytotoxic injury
[35]. Subsequently, intermediate and chronic phases are char-
acterized by healing and scaring, including microvasculature
growth, extracellular remodeling, and glial scar formation
[30, 34, 36]. Then, ex vacuo cystic formation, which creates a
barrier to cell migration and axonal repair, marks the end of the
process [37, 38].
Of all phases, blunt SCI and PSCI differ in the initial phase of the

primary injury. While both mechanisms start with blood supply
blockage, the mechanical mechanisms of PSCI involve sharp,
violent invasion, creating either direct vascular injury or neural
injury [14, 39]. On the other hand, the blunt SCI involves a bony
dislocation and firm compression of the microvasculature around
the spinal cord [33, 34]. However, both modalities can lead to the
initial ischemic injury, resulting in cellular wall injury, iconic
disequilibrium, and secondary injury initiation.

Limitations
Our study has several limitations mainly due to the hetero-
geneous data available among our included studies, such as
demographics, functional assessments, and complications.
Some articles did not explicitly specify whether complications
are injury-related or management-related, and most did not
clearly report patient status prior to their treatment. Therefore,
the synergistic effect of the injury on patient outcomes could
not be eliminated. Moreover, many patients were lost at follow-
up, limiting our meta-analysis and likely decreasing the
statistical power of our conclusions.

CONCLUSION
PSCIs pose a severe burden, while ideal management strategies
still require further evidence. Although neither strategy proved to
be statistically superior, each strategy is meant for specific
indications, and in most instances, they are inseparable elements
of the management paradigm. Hence, patient-tailored manage-
ment and careful selection of surgical cases is warranted.

DATA AVAILABILITY
Data were generated using the included articles’ reported data. Data are available
from the corresponding author on reasonable request.
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