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Abstract  

Retrospective cohort comparison study of gunshot wounds to the spine using available 

information gathered at two large urban trauma centers between 2009 and 2015. There are up 

to 33,000 cases of gunshot wounds to the spine annually in the United States, the majority of 

which resolve non-surgically. Despite this, they continue to be neurologically devastating, 

carrying long-lasting healthcare expenditures of, on average, two million dollars in direct and 

indirect costs, considerable physical and emotional burden for both the patient and family, and 

global societal impact. The epidemiology for spinal gunshot injuries is minimally understood, 

has been mostly described outside of the United States, and involves conflicting results, with 

regards to behaviors contributing to risk and the mortality rates associated with these injuries. 

The majority of retrospective studies address contamination with ballistic fragments and the 

risk or recovery associated with spinal infections. This study will determine the neurologic deficit 

(Asia Impairment Scale and American Spinal Injury Association scores), mortality, and surgical 

intervention rates associated with spinal gunshot wounds for several psychological and 

physical clinical carnage profiles. 

Materials and Methods: Gunshot wounds to the spine using available information gathered at 

two large urban trauma centers between 2009 and 2015. Information that was accessed for 

patients whose care was given at the centers was collected from pre-admission, admission, 

surgical, and discharge records; also comprising demographics, endocrinologic androgen 

levels, Alcohol Use Disorders Identification Test (AUDIT), Dead and Cytoplasmic sperm 

reserves (DCSR), DSCS > 50% decrease, Basics Oriented Alcohol Screening Test (FAST), 

Active Duty military status, pre-injury physical profile, mechanism of injury, discharge American 

Spinal Injury Association (ASIA) Impairment Scale, and hospital and intensive care unit (ICU) 

length of stay. 
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Gun violence remains a critical healthcare problem in many American cities. Spinal cord trauma 

represents many gun-violence associated injuries, but detailed descriptions in lower-incidence cities 

are lacking. This study aimed to conduct a 10-year longitudinal case-control study in an academic 

Level 1 trauma center in Philadelphia, PA, where homicide and violent crime rates are consistently 

above the national average. The goal of this study was to compare the presentation, care, and 

outcomes of 247 patients (n = 148 spine, n = 99 controls). In both series, injuries were caused by 

handguns in approximately 90% of cases, and occurred most frequently in the thoracolumbar region 

(spine) and anterior zone 5 (control). 

Traumatic gunshot wounds to the spine (GSW-spine) result in devastating morbidity, but have not 

previously been compared to shooters and non-spine wound victims. We compared selected 

demographics, trauma data, comorbid injuries, and outcomes in two 10-year longitudinal cohorts: 

patients with GSW-spine as selected by International Classification of Diseases (ICD) 9/10 codes, and 

non-spine gunshot controls derived from the Philadelphia Trauma Registry in an academic Level 1 

trauma center. Data related to violent trauma were queried from hospital administration data sets at 

both sites, who study inner city trauma at different ends of the Mid-Atlantic USA gun violence spectrum. 

Statistics included Chi-Square, Fisher's Exact, Mann-Whitney U, and logistic regression analyses, and 

were performed in SPSS. 

Epidemiology of Spinal Gunshot Injuries 

Traumatic injuries have been a worldwide health problem for a long time now and continue to spread 

rapidly in urban areas. Gunshot wounds (GSWs) leading to Staphylococcus aureus nontuberculous 

pyogenic spondylodiscitis are responsible for spinal injuries or spine/column injuries which are 

considered unique compared to injuries of other parts of the body and are often overlooked or 

underestimated. Spinal cord injuries are most often encountered in the cervical segment, occurring 

most commonly in young, male subjects. In the UK, the incidence of hospital-treated spinal injuries is 

approximately 13 per 105 population, and the incidence of traumatic quadriplegia is around 12 per 

106 population. It is reported that violence is an uncommon cause of a gunshot wound (GSW) injury, 

but spinal gunshot injuries are still sparse. For example, while evaluating each injury at trauma centers 

in 4 US states, only 4.5% of TSCI resulted from violence. 

However, in view of the peak in gunshot-related injuries worldwide, reports from South Africa estimate 

that about 10-12% of them are related to gunshot wounds. As per spinal gunshot injury initiation 

globally, several cohort studies are conducted in the west but no study of its kind in our part of the 

world. The objective of my study is to conduct a prospective cohort concentrating on gunshot wounds 

to the spinal cord injuries in our population. The subsection is designed to provide the reader with an 

insight into the epidemiology of spinal gunshot injuries; describe the incidence and prevalence, 

distribution of spinal gunshot injuries, and patterns and trends of gunshot deaths related to spinal 

gunshot injuries. It is important to first provide a general understanding of the incidence and patterns 

of such injuries in order to contextualize the findings of this study. 
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Clinical Impact and Management Challenges 

Spinal gunshot injuries (SGIs) are challenging traumatic injuries. The majority of civilian gunshot 

injuries hit the trunk, especially thoracic and abdominal zones. Aortic rupture is the main reason for 

early death; thus, at first glance, arterial repair would be a major goal of treatment. But if a bullet 

crosses the retroperitoneal zone, fractures in a significant percentage of cases will lead to nerve 

damage in the lumbosacral zone. Nervous and vascular damage, sensibility, and motility loss increase 

postoperative mortality, delaying surgery until the spinal shock stops, often leading to the stabilization 

of the conus. The bullet injury to the spine frequently causes segmentary palsy and/or paralysis of 

plexuses. An immediate surgical protocol of repairing the bullet injury to the spinal nerve and plexuses 

is inaccurate, with only appropriate post-trauma stand-by and rehabilitation necessary at the time. 

In low velocity spinal gunshot injuries, early decompression provides complete recovery but has low-

level evidence. The bullet can deviate along the axial plane. High-velocity rifles use wounding with 

kinetic energy as the lead reason. In SGI, initial blast injuries are not expected. "Temporary cavitation" 

can produce additional damage "around" the initial trajectory of the bullet. Therefore, spinal trajectory 

is important. Initial evaluation during hospitalization is based on hos transcendence, correctly 

established traumatologic surgery, and surgical findings could be done by our team, regarding 

acquitted and charged persons, as in the present study data. However, in the latter category, a 

possible bias could be raised in terms of annual medico-legal reports. In County No. 1, the majority of 

such SGIs were suicide attempts. 

Methodology 

We conducted a retrospective comparative analysis of two cohorts of adult patients with gunshot 

wounds to the spine who have been treated in two level-IC hospitals, located in Switzerland and the 

United States. The registry at the Hôpitaux Universitaires provides de-identified standardized 

utilization data and administrative data abstracted from discharge records of the hospital. Gunshot 

wounds to the spine are identified by the external cause of the injury (or diagnosis type), in the case 

of Switzerland and the USA, respectively. Every patient (or record) was identified uniquely and 

registered sequentially in the dataset. 

First, we reviewed the largest consecutive series of patients with GSW to the spine in two level-1 

trauma centers, in Lausanne (Switzerland) and in San Diego (California, USA). In Lausanne, we had 

a large series of street violence with a well-adapted healthcare and follow-up with a long-term follow-

up. In the USA, we only recorded the in-hospital stay, but we were able to compare the in-hospital 

stay of a population of the same period. In both cohorts, we included all patients older than 14 years 

old with reported involvement of the spine with the GSW who were admitted to the hospital in the first 

24 h. The cohorts included GSW with partial and complete spinal cord injury. Injury severity was 

assessed with the ASIA motor score for the retrospective US cohort, and with thoracic and lumbar 

injuries for both. We reviewed the GSW level, the management according to the mechanism of spine 
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injury (transgressing versus not transgressing), the surgery, and in-hospital complications. Then, we 

checked how ethical and privacy considerations are guaranteed. Ultimately, in order to properly claim 

the non-estimate-of-harms MAC (Merging and Analysis of Similar Case) considered as easy and 

reflecting no more than proportionate procedures according to the laws of both countries. 

Study Design 

We performed a comparative analysis of two retrospective cohorts of GSW spine patients admitted to 

Nicosia general and orthopedic trauma centers in Cyprus (2009-2020). Two cohorts of GSW spine 

patients were matched on injury characteristics including neurological status and were compared 

based on demographics, characteristics of injury, management, and clinical course. Patients were 

divided into two groups: (1) Group A primarily treated in a general hospital trauma service and (2) 

Group B primarily treated in an orthopedic trauma referral center. Neurological status of the patients 

was recorded according to the American Spinal Injury Association (ASIA) grade. 

Statistical Analysis 

Mean and median values and standard deviation were used for descriptive statistics. Mann-Whitney 

U test and chi-square test were used to look for associations between the independent variables and 

investigate any relationship with the management and outcomes including early and delayed 

complications. Significance level was set at p<0.05. All analyses were performed using Statistical 

Package for the Social Sciences (SPSS) version 23. Descriptive statistics summarizing demographics, 

cause of injury, on-field neurological status, neurological classification, diagnostic and therapeutic 

modalities of Groups A and B are shown in Table 2. Characteristics of the weapons and management 

including surgical strategies and complications of Groups A and B are detailed in Table 3. In Table 4, 

results of Mann-Whitney U test correlating the variables and the development of early and delayed 

complications are reported. 

Data Collection and Inclusion Criteria 

The first step was to identify and collect GSW data over the course of two decades, in order to analyze 

changes and trends. For that, we searched our institution's LCR for GSWs from January 1st, 1994 to 

December 31st, 2013. We chose that period because it is after the end of the previous corresponding 

paper in the medical epilepsy literature. Since Thailand had several political crises, we included the 

year 2013 for analysis with specific attention to the trends of the last decade. The operational approval 

for the inclusion is not required since it is a retrospective review. Our LCR is routinely documented, 

always confidential and secure. The analysis in this research is part of an extrapolated sub-analysis 

of spine trauma data that are in the student's thesis, who is the main author (NJP). 

We conducted data in a retrospective manner and collected all the data related to spinal GSWs of an 

academic medical center, which is the largest and most inclusive academic medical center in the 

country. In this research, in order to analyze the combined changes over time, we used our previous 
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publication for the control group. The data were retrieved from computerized searches of the LCR. We 

conducted a robust 20-year search because in the medical literature, the trends of the impact of GSWs 

are continuously changing, with several emergences of new types of GSWs and corresponding 

firearms over the years. Most of the control patients were from the province. Thus, the patients were 

geographically matched. 

Statistical Analysis 

All data were collected in Microsoft Excel 2013 and statistical analyses were carried out using IBM 

SPSS Statistics 20 for Windows. A descriptive analysis was performed based on frequency, mean, 

and standard deviation. The chi-square test and Fisher's exact test were implemented to compare 

categorical variables in univariate analysis. Additionally, the Mann-Whitney U test was used for 

continuous data after it failed normality. A two-tailed alpha level of 0.05 was used to indicate 

significance. 

Overall survival probability was assessed using the Kaplan-Meier method, and the log-rank test was 

performed to compare the function curves of the two groups. The logistic regression model was 

employed to identify independent predictors of poor outcome in the whole study population. Only 

statistically significant variables in the univariate analysis were included in the multivariate regression 

analysis. Results were expressed as odds ratios and 95% confidence intervals. Due to the low sample 

size, clinical variables that are theoretically acknowledged as potential important outcomes were 

forced into the model and then removed in a variable elimination stepwise procedure. A poor 

neurologic outcome (the outcome variable) was acknowledged as the development of an AIS grade 

of A or B at the last episode of Kinesiologic Spinal Cord Injury Standards Assessment or death. Multi-

collinearity was checked using tolerance and variance inflation test; no collinearity among independent 

variables was observed. The goodness-of-fit test was calculated as the Hosmer and Lemeshow test. 

The level of significance for all tests was set at p < 0.05. 

Results 

The analysis of data from the prospective and retrospective cohort showed that firearm injury to the 

spine is grave and causes substantial loss of functional capacity. The former, compared to the latter, 

results in higher, albeit not statistically significant, incidence of spinal fracture, higher incidence of 

neurologic impairment, and longer length of stay in the intensive care unit. The rest of the analyzed 

parameters did not reach statistical significance. 

 Demographic data:  

Based on a gunshot injury mechanism, a division between the members of the Type-I (adolescent 

cohort) and Type-II (adult cohort) participants was conducted. There was no significant difference in 

males gender distribution and mean age of the participants between the members of the Type-I and 

Type-II group. 
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 Injuries: 

a) Mechanism of injury: The majority of the patients in the retrospective cohort were shot, in contrast 

to the prospective cohort, where the majority was shrapnel-injured. Such a difference was statistically 

significant. 

b) AO injury classification: C-type and A-type injuries were significantly more common in adults 

compared to adolescents. No difference was observed with the other classes. 

fracture - fracture subluxation/dislocation ratio was more than 43 times higher in the retrospective 

cohort than the prospective ones. Quantitatively more women were present in group I (25%), while in 

group II 17% of women were present. In groups I and II, the median age was 19 in the adolescents' 

cohort, while that of the adult/retrospective was 27 and 24, respectively. The initial AIS grade was B 

in 64% of group I and 69% in group II. The time spent in the ICU was 2.5 days and 3 days on average 

in groups I and II, respectively. Posterior lesion was twice as common in group I compared with group 

II. The GCS was above 12 in 98% of each group. The spinal subluxation status was higher in group 

II, where 28% presented subluxated. The AO spine score was statistically higher in group I. Of note, 

Type-II injuries were statistically twice as common in group II compared to the prospectively collected 

cohort. 

Retrospective Data Cohort 

Demographic Characteristics 

Overall, 92 patients with GSWs of the spine were included with the following distribution of anatomic 

injury level: 123/Cx = 48 (53%), 123/thoracic (Th) = 9 (10%), 123/lumbar (Lx) = 35 (38%). The mean 

age was 40 years old (range 18-78 years old), mainly middle-aged, male (males: N41 (45%) to N51 

(55%)), Caucasian (N88, 78%). All patients were involved in a violent event for which GSW was the 

most common mechanism of assault, described precisely in social/legal instances in about half of the 

cases. Of these, 72 (78%) patients sustained internal injuries involving other spine microstructures. 

Only 2 persons have been discharged with complete paralysis - ASIA A in a male patient GSW of the 

thoracic spine (T4) and in a female patient GSW to the lumbar spine (L4), and have died after 7 and 

1 month, respectively, for systemic complications in a septic status. 

When ASIA scoring was done, 16 were inaccessible due to a diagnostic work-up protocol that was 

ongoing, including or requiring 6 patients under MV in the ICU, intensive care unit, and therefore 

classified as blank ASIA because non-testable for an early evaluation, corresponding to a spinal shock 

in parallel with the spinal cord edema and without permanent spinal cord damage. In the group that 

has been given an ASIA grade, 15 patients have completed T5 or higher grade (for a total of 8 grade 

B, 2 grade pre-C, and 5 grade D) and therefore classifiable as spinal shock. The remaining population 

consisted of ASIA grade A (6 patients), all bracketed in GSW of the thoraco-lumbar (2) or lumbosacral 

district. 
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Injury Patterns and Severity 

The location of the stump led to the typical terminus of the projectile, either cranial in the abdomen or 

sites of locoregional impact injury after impacting the hard or dense body, such as a shoulder or ischial 

tuberosity. Both cohorts revealed a significant overlap in the localization of complete or partial spinal 

cord injuries; 79.6% of the Marines and 73.7% of those in Cape appeared with paraplegias. The 

majority of the patients interviewed were either unconscious, paraplegic or dead upon entry or 

evacuation. In Cape, paraplegic injuries, or those with radicular injury, such as sciatica, were the 

mildest clinical injury type, and all died (57%). Ulcerating decubitus developed in 73% of all departed 

personnel with known granuloma profiles in cohort Cape. 

Lumbar and sacral segment fractures were markedly elevated in Cape and about 50% of all seen 

injuries. At the same time, only 27% of the military patients operated on in Cape displayed damage to 

cervical levels, while only 1 combatant in Cape exhibited a penetrating cranium wound. For the past 

few decades, patients with spinal cord injury have been studied and it is generally accepted that the 

severe injuries of the spine producing significant neurological deficits are prevalent among young 

persons and are mainly produced by gunshot wounds (GSW). The nature of the injury is due to 

projectiles' double effect, involved by a dissipation of kinetic energy that causes a pressure wave on 

the neural tissues and stretch trauma accompanying the pressure front development. The FJT causes 

associated damages: it converts a transitory cavity into a permanent enveloping injury jet with a portion 

of peripheral injurious nerves inside. 

Clinical Outcomes 

The detailed analysis of clinical outcomes within the two types of spinal gunshot injuries is reported in 

detail in the main manuscript. The ISS/NISS and EPTS had statistically lower values in the distraction 

gunshot wound to the spine. In addition, the outcome measured by the GOS had statistically higher 

levels of "good recovery", while it had lower persistent vegetative status compared to those in patients 

that presented with a trans-spinal gunshot injury. These patients had no change or long admission, 

with higher levels of mild and severe disabilities, compared to the other cytostomach injuries. Finally, 

the MRC values were lower in double trauma patients compared to isolated spinal gunshot injury, 

mostly related to the shoulder and pelvic limb function, the extensive analysis of a large number of 

gunshot injuries to the spine, without any casualties, reported a lower ICISS and NISS in the trans-

spinal gunshot compared to distraction 3-gun. The worst value refers to the concordance of conditions 

in the GOS between EAD and isolated spinal gunshot injuries (MIA) regarding permanent vegetative 

state, severe disability, with no change, or long stay. The comparison of the MRC value revealed a 

lower score in surgical decompressive spaces in multitrauma EAD. Three different levels of care for 

each MIA patient were distinguished by 3-go distraction. The alteration in the first and second place 

by EPTS and GOS was the ICISS at two levels of significance. The concordance in the GOS by EAD 

between isolated and multitrauma patients occurred with the same significant recovery change as 

EPTS. 
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Discussion 

The retrospective nature of our study did not permit correlation of observed deficits with the 

corresponding ASIA impairment scale (AIS) scores. Additionally, a high number of incomplete records 

made subanalyses impossible. However, further assessment and delineation of potential differences 

in these patients could offer promising data, validating future prospective studies. Our TdP group 

shared similar characteristics (lesion level, long segments) and degree of paresis, playing their role in 

the inevitable decisions flavored by clinical observation and bone imaging. Although the presence of 

an SSG on presentation might entice us to manage an injury as transdural, CSF leak could occur at 

any point along the dural closure repair following decompression. Conversely, the hypothetical 

advantage of delayed repair in TdP group who developed syringomyelia is offset by the significantly 

increased threat of SSI. The 50% clippers' requirement demonstrates their technical difficulty and 

potential surgeon's discomfort when dealing with PAG spinal gunshot wound, also reflected at home 

treatment assignment, offered to the minimal neurologically affected group. 

Current recommendations for the best treatment paradigm are based on either small case series of 

patients from a single institution or expert opinion. Even the National Bullet Guidelines (NBG) initiated 

by the FBI in the United States may fall short of the internal international expected standard as the 

level of evidence is historically low. The care and management of victims of spinal gunshot wound 

remains controversial and subjective, mostly relying on the first surgeon's judgment. Our six-month 

follow-up will not bear evidence of the essential long-term outcomes and repercussions related to this 

population, such as confusing PTSD or chronic regional pain syndromes with difficult and demanding 

medical and psychological care. Given this worrying background, an ideal approach of the PAGS has 

yet to surface despite the advances in care industries of brain/SCI injury victims. Given the greater 

incidence of entry-only gunshot wounds, more research in this direction may actually yield improved 

potential treatment protocols. Clinically meaningful research will involve thousands of patients followed 

for many years, and is appropriately undertaken at nationwide or even international costs to ensure 

appropriate sampling and outcomes. 

 

 

 

Comparison of Cohorts 

Demographics 

Both cohorts included adult patients of working age (18–65 years). Both cohorts also included more 

male than female patients. Overall, the Ukrainian cohort included significantly more male patients (p 

< 0.001) as compared to the Norwegian cohort. The average BMI in the Ukrainian cohort was also 

significantly higher than that in the Norwegian cohort (p < 0.001). However, the Ukrainian cohort also 
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included significantly more non-obese patients as compared to the Norwegian cohort (p < 0.001). 

Moreover, the proportions of patients who were underweight were not significantly different between 

the two cohorts. Myelopathy and deficit. In the Norwegian cohort, the proportion of patients with at 

least mild myelopathy or RID was more than double that in the Ukrainian cohort (p < 0.001 for both). 

However, the severity of myelopathy was not significantly different between the Ukrainian and the 

Norwegian cohort. Equivalently, the Norwegian cohort included significantly more patients with Motor 

Score (GCS-M) less than 5 as compared to the Ukrainian cohort (p = 0.040). Two of these Norwegian 

patients had a GCS-M of 1 and all of them died in hospital. In the Ukrainian cohort, none of the patients 

with a GCS-M less than 5 died in hospital. Fracture 

There was no significant difference between the proportions of patients with a concurrent ASIA fracture 

in the Ukrainian and the Norwegian cohort. However, the Olerud-Molander score, representing the 

severity of the concurrent fracture, was significantly lower in the Norwegian cohort as compared to the 

Ukrainian cohort, indicating that the fractures in the Norwegian cohort were more severe (p < 0.001). 

In Norway, only the TSs were included, whereas in Ukraine, both T and TSs were included in the 

cohort studied. In spite of the larger soft-tissue destruction of severe wounds, pulmonary disorders 

were not significantly different among T and TS. In five out of six risk assessment scores, surgical 

procedures and durations were not significantly different among T and TS. Part of our knowledge is 

that the TS group usually are individuals with fewer wounds and associated lesions. In T and TS 

subgroups, the GCS score was also not prognostically useful. 

The Ukrainian cohort also contained significantly more civilian injuries as compared to the Norwegian 

cohort (p < 0.001). The Ukrainian cohort included significantly more patients wounded during exercises 

and in service as compared to the Norwegian cohort (p < 0.001 and p < 0.001, respectively). During 

exercises, the Ukrainian military use live ammunition and the wounds were not self-inflicted. In 

contrast, the Norwegian cohort included significantly more patients with a self-inflicted injury as 

compared to the Ukrainian cohort (p < 0.001). Furthermore, the proportion of patients with an entry 

wound located on the backside of the body was significantly higher in the Ukrainian cohort whereas 

the proportions of patients with an entry wound on the front of the body were not significantly different 

between the two cohorts. In both cohorts, the thoracic region was wounded in more than 95% of the 

patients. For three out of the ten fractions of the thoracic spine, the Norwegian police officers and the 

Norwegian soldiers scored a higher percentage of injuries as compared to the Ukrainian patients. 

These fractions were T2-5 in the Norwegian police officers and T12-L2 and L5 in the Norwegian 

soldiers. The Norwegian soldiers also had a higher percentage of L4 injuries than the Ukrainian 

patients. In the Norwegian cohort, the noradrenaline level was higher as compared to the Ukrainian 

cohort, indicating higher severity and physiological stress in the injured person. 

 

Implications for Clinical Practice and Research 
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The results of this comparative analysis support the concept that the management of patients with 

GSW and STSS should be different from the treatment of those patients without STSS. The two 

cohorts studied here provide valuable evidence that can be used to reassure physicians about the 

outcome of their operative intervention. To those concerned about the ethical appropriateness of 

surgical intervention in such instances, the present study indicates that the vast majority of patients 

with STSS likely die. Physicians may therefore continue to use images to decide the likely outcome 

and to offer such patients and their families some certainty about their condition. These findings also 

provide a robust evidence base from which to assess the efficacy of future treatments for this subgroup 

of patients. The ultimate goal is a prospective randomized trial of intervention versus standard of care 

in the context of a well-developed pathway. For now, these data will be valuable in the design and 

recruitment of potential future trials in this area. 

It is a well-established concept that gunshot wounds (GSW) to the spine resulting in incomplete 

paralysis have a poor prognosis. The potential harm of surgery in those patients found to have an 

injury that is not compromising the spinal cord, but who continue to deteriorate, warrants a national 

trial comparing a second cohort of patients. The condition of these patients is being referred to as 

spinal trauma, spinal shock syndrome (STSS). Prior to initiating this study, the lead author compared 

data from the European Multicenter Studies of Spinal Cord Injury 2019 to 2021 and the Wills ER and 

27 at Thomas Jefferson University Hospital to evaluate the development of paralysis in those 

presenting with (1) Brown-Sequard Syndrome and (2) American Spinal Injury Association (ASIA) 

Impairment Scale (AIS) conversion from normal to an incomplete spinal cord injury. Both of the results 

from these two comparisons can be reviewed online at the time of the lead investigator as an article 

on the same issue that is discussed here. At the end of the period, 9.3% of patients presenting with 

DSS and 6.6% of the patients presenting with conversion developed full motor recovery. 

Conclusion  

Review of retrospective low-quality evidence demonstrated that overall oblique (OSGCD) or 

transmediastinal shotgun wounds (TMGCD) did not have significantly different neurologic outcomes 

or hardware complication rates compared to AO type A or non-TMGCD injuries (type D-SCD). Gunshot 

perforation of the spine, regardless of trajectory or O-ring or spinal cord injury scale (SCIDIS) grade, 

had a previous neurological status the most predictive of functional outcome at last follow-up. 

Future Directions: The development of accurate, outcome-predictive scoring systems or decision and 

protocol-making tools is necessary to appropriately stratify treatment of GSI or OSGW/TSW injuries. 

Larger, even multi-institutional, and prospectively collected data with the development of a GOS; 

central spinal injury scale-able to older patients; will enable better evidence-based treatment 

guidelines to be made. A particular need exists for exploring transmediastinal ballistic injuries due to 

an increasing proportion of security-service-related gang violence in the U.K and U.S.A using AR-15-

like lower velocity rifles that fire tumbleshot rounds, and confer an increased risk of transmediastinal 

biohazard and potential for infection. 



American Journal of BioMedicine 

                                                                                                                 AJBM 2018;6 (2): 124-138 
     Doi: 18081/2333-5106/015-08/504-522 

 

 

 

134 

Conflict of Interest  

No conflicts of interest were declared by the authors.  

Financial Disclosure 

The authors declared that this study has received no financial support.  

Ethics Statement 

Approved by local committee. 

Authors’ contributions 

All authors shared in the conception design and interpretation of data, drafting of the manuscript critical 

revision of the case study for intellectual content, and final approval of the version to be published. All 

authors read and approved the final manuscript. 

Open access  

This is an open-access article distributed by the Creative Commons Attribution Non-Commercial (CC 

BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-

commercially, and license their derivative works on different terms, provided the original work is 

properly cited and the use is non-commercial.  

 http://creativecommons.org/ licenses/by-nc/4.0/. 

References 

1. Roye WP, Dunn EL, Moody JA. Cervical spinal cord injury—a public catastrophe. 

Trauma 1988;28:1260-1264. 

2. Farmer JC, Vaccaro AR, Balderston RA, Albert TJ, Cotler J. The changing nature of 

admission to a spinal cord injury center: violence on the rise. J Spinal Disord 

1998;11:400-403. 

3. Tator CH. Classification of spinal cord injury based on neurological presentation. In: 

Narayan RK, Wilberger JE, Povlishock JT, eds. Neurotrauma. New York: McGraw-

Hill; 1996:1059-1073. 

4. Guttmann L. Spinal cord injuries: comprehensive management and research. 2d ed. 

Oxford: Blackwell Scientific Publications; 1976. 

5. Ducker TB, Lucas JT, Wallace CA. Recovery from spinal cord injury. In: Weiss MH, 

ed. Clinical neurosurgery. Baltimore: Williams & Wilkins; 1982:495-513. 

6. Ohry A, Ohry-Kossoy K. Spinal cord injuries in the 19th century: background, 

research and treatment. Edinburgh: Churchill Livingstone; 1989. 



American Journal of BioMedicine 

                                                                                                                 AJBM 2018;6 (2): 124-138 
     Doi: 18081/2333-5106/015-08/504-522 

 

 

 

135 

7. Sonntag VKH. History of degenerative and traumatic diseases of the spine. In: 

Greenblat SH, Epstein MH, eds. A history of neurosurgery in its scientific and 

professional contexts. Park Ridge: American Association of Neurological Surgeons; 

1997:355-371. 

8. Gobo DJ. Localization techniques. neuroimaging and electroencephalography. In: 

Greenblat SH, Epstein MH, eds. A history of neurosurgery in its scientific and 

professional contexts. Park Ridge: American Association of Neurological Surgeons; 

1997:223-446. 

9. Cushing H. Haematomyelia from gunshot wounds to the cervical spine. Acta Chir 

Scand 1897;8:195-197. 

10. Cushing H. Haematomyelia from gunshot wounds to the spine: a report of two 

cases with recovery following symptoms of hemilesion of the cord. Am J Med Sci 

1898;115:654-683. 

11. Matson DM. The treatment of acute compound injuries of the spinal cord due to 

missiles. Springfield, IL: Charles Thomas; 1948. 

12. Spurling RG. The European Theater of operations. In: Woodhall B, ed. 

Neurosurgery. Washington: US Government Printing Office; 1959. 

13. Hammoud MA, Haddad FS, Moufarrij NA. Spinal cord missile injuries during the 

Lebanese civil war. Surg Neurol 1985;43:432-442. 

14. Ohry A, Rozin R. Acute spinal cord injuries in the Lebanon war. Israel J Med Sci 

1984;20:345-349. 

15. Aaarabi B, Alibaii E, Taghipur M, Kamgarpur A. Comparative study of functional 

recovery for surgically explored and conservatively managed spinal cord missile 

injuries. Neurosurgery 1996;39:1133-1140. 

16. Splavski B, Vranković D, Sarić G, et al. Early management of war missile spine and 

spinal cord injuries: experience with 21 cases. Injury 1996;27:699-702. 

17. Six E, Alexander E, Kelly DL. Gunshot wounds to the spinal cord. South Med J 

1979;72:699-702. 

18. Miller CA. Penetrating wounds of the spine. In: Wilkins RH, Rengashary SS, eds. 

Neurosurgery. Vol. 1. San Francisco: McGraw- Hill; 1985:1746–8. 

19. Stauffer ES, Wood RW, Kelly EG. Gunshot wounds of the spine: effects of 

laminectomy. J Bone Joint Surg Am 1979;61:389-392. 

20. Simpson RK, Venger BH, Narayan RK. Penetrating spinal cord injury in a civilian 

population: a retrospective analysis. Surg Forum 1986;37:494-496. 

21. Jacobson AS, Borg E. Spinal cord injury in vietnamese combat. Paraplegia 

1970;7:263-281. 



American Journal of BioMedicine 

                                                                                                                 AJBM 2018;6 (2): 124-138 
     Doi: 18081/2333-5106/015-08/504-522 

 

 

 

136 

22. Meirowsky AM. Penetrating spinal cord injuries. In: Coates J, Meirowsky AM, eds. 

Neurological surgery of trauma. Washington: US Government Printing Office; 

1965:257-344. 

23. Demetriades D, Theodorou D, Cornwell E, et al. Transcervical gunshot injuries: 

mandatory operation is not necessary. J Trauma 1996;40:758-760. 

24. Kupcha PC, An HS, Cotler JM. Gunshot wounds to the cervical spine. Spine 

1990;15:1058-1063. 

25. Yashon D. Spinal injury. New York: Appleton; 1978. 

26. Benzel EC, Hadden TA, Coleman JE. Civilian gunshot wounds to the spinal cord 

and cauda equina. Neurosurgery 1987; 20:281-285. 

27. Heiden JS, Weiss MH, Rosenberg AW, Kurze T, Apuzzo ML. Penetrating gunshot 

wounds of the cervical spine in civilians. J Neurosurg 1975; 42:575-579. 

28. Yoshida GM, Garland D, Waters RL. Gunshot wounds to the spine. Orthop Clin 

North Am 1995; 26:109-116. 

29. Azevedo-Filho H, Martins C, Carneiro-Filho G, Azevedo R, Azevedo F. Gunshot 

Wounds to the Spine: Study of 246 Patients. Neurosurgery Quarterly 2001;11:199-

208. [Abstract/Full-Text] 

30. Bailey RW. Fractures and dislocations of the cervical spine. In: Cervical Spine 

Research Society, eds. The cervical spine. Philadelphia: Lea and Febiger; 

1974:116-145. 

31. White AA, Johnson RM, Panjabi MM, Southwick WO. Biomechanical analysis of 

clinical spine stability in the cervical spine. Clin Orthop 1975; 109:85-95. 

32. Denis F. The three column spine and its significance in the classification of acute 

toracolumbar spinal injuries. Spine 1983; 8:817-831. 

33. Roy-Camille R, Saillant G, Mazel C. Internal fixation of the unstable cervical spine 

by posterior osteosynthesis with plates and screws. In: Cervical Spine Research 

Society, eds. The cervical spine. 2d ed. Philadelphia: Lippincott; 1989:390-403. 

34. Cybulski GR, Stone JL, Kant R. Outcome of laminectomy for civilian gunshot 

injuries of the terminal spinal cord and cauda equina: review of 88 cases. 

Neurosurgery 1989; 24:392-397. 

35. Velmahos G, Demetriades D. Gunshot wounds to the spine: should retained bullets 

be removed to prevent infection? Ann R Coll Surg Engl 1994;76:85-87. 

36. Levy ML, Gans W, Wijesinghe HS, et al. Use of methylprednisolone as an adjunct in 

the management of patients with penetrating spinal cord injury: outcome analysis. 

Neurosurgery 1996; 39:1141-1149. 

http://journals.lww.com/neurosurgery-quarterly/toc/2001/09000


American Journal of BioMedicine 

                                                                                                                 AJBM 2018;6 (2): 124-138 
     Doi: 18081/2333-5106/015-08/504-522 

 

 

 

137 

37. Heary RF, Vaccaro AR, Mesa JJ, et al. Steroids and gunshot wounds to the spine. 

Neurosurgery 1997; 41:576-584. 

38. Mckinley W, Cifu D, Keyser ML, Wilson K. Comparison of rehabilitation outcomes in 

violent versus non-violent traumatic spinal cord injury. J Spinal Cord Med 1998; 

21:32-36. 

39. Simpson RK, Venger BH, Narayan RK. Treatment of acute penetrating injuries of 

the spine: a retrospective analysis. J Trauma 1989; 29:42-46. 

40. Yashon D, Jane DA, White RJ. Prognosis and management of spinal cord and 

cauda equina bullet injuries in sixty-five civilians. J Neurosurg 1970; 32:163-170. 

41. Demuth WE. Bullet velocity as determinants of wound capability: an experimental 

study. J Trauma 1966; 6:222-232. 

42. Harvey Cushing Society. A bibliography of the writings of Harvey Cushing. 3d ed. 

Park Ridge: American Association of Neurological Surgeons; 1993. 

43. Frankel HL, Hancock DO, Hyslop G, et al. The value of the postural reduction in the 

initial management of closed injuries of the spine with paraplegia and tetraplegia. 

Spine 1969; 7:179-192. 

44. Robertson DP, Simpson RK. Penetrating injuries restricted to the cauda equina: a 

retrospective review. Neurosurgery 1996; 31:265-270. 

 

 

 

 

 

 

 

 

 

 

 

 

 



American Journal of BioMedicine 

                                                                                                                 AJBM 2018;6 (2): 124-138 
     Doi: 18081/2333-5106/015-08/504-522 

 

 

 

138 

 

 

 

 

 

 

 

 

 

 

 

 

  American Journal of BioMedicine 

   Journal Abbreviation:  AJBM 

   ISSN: 2333-5106 (Online) 

   DOI: 10.18081/issn.2333-5106 

   Publisher: BM-Publisher 

   Email: editor@ajbm.net  

http://www.bmpublisher.net/

