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Das moderne Wirbelsäulentrauma 
im Kampfeinsatz ist eine eigen-
ständige klinische Entität. Die 
Behandlung erfordert einen Aus-
gleich zwischen der chirurgischen 
Indikation für eine frühzeitige De-
kompression und der logistischen 
Notwendigkeit einer schnellen 
strategischen Evakuierung. Wir 
haben die einflussreichsten Lite-
raturquellen zusammengefasst, 
um die Epidemiologie, die Behand-
lung und die Ergebnisse zu cha-
rakterisieren und den operativen 
Versorgungsstandard in Einsatz-
gebieten zu definieren. Wir haben 
eine zitiergewichtete Auswertung 
der Literatur zu Wirbelsäulen-
traumata im Kriegseinsatz (2000–
2025) durchgeführt. Die 30 meist-
zitierten Primärstudien wurden 

gesichtet, um klinische Kohorten 
mit extrahierbaren Daten zu iden-
tifizieren. Wir haben diese ein-
flussreichen Quellen zusammen-
gefasst, um die Epidemiologie der 
Verletzungen, den Zeitpunkt der 
Operation und die perioperativen 
Komplikationen zu charakterisie-
ren. Neunzehn Publikationen mit 
insgesamt 31.409 Verletzten er-
füllten die Einschlusskriterien. 
Die Gesamtkohorte war jung 
(Durchschnittsalter 25,4 Jahre) 
und männlich (96,6 %). Bei 27,6 % 
der auswertbaren Population trat 
eine traumatische Rückenmarks-
verletzung auf. Explosionen wa-
ren für 79,1 % der Verletzungen 
verantwortlich, wobei vorwie-
gend die Lendenwirbelsäule be-
troffen war (65,5 % der Patienten). 
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Bei 40,7 % der Patienten wurde ein 
chirurgischer Eingriff vorgenom-
men. Die durchschnittliche Zeit 
bis zur ersten Wirbelsäulenope-
ration betrug 2,9 Tage. Von den 
dokumentierten Eingriffen wur-
den 20,3 % in vorwärts stationier-
ten Einrichtungen durchgeführt, 
während die übrigen nach der 
Evakuierung zu definitiven Ver-
sorgungsknotenpunkten erfolgten. 
Die durchschnittliche gemeldete 
Sterblichkeitsrate betrug 7,4 %. Zu-
sammenfassend kann festgehalten 
werden, dass kampfbedingte Wir-
belsäulentraumata eine eigenstän-
dige Entität darstellen, die durch 
Explosionsmechanismen und tho-
rakolumbale Frakturen definiert 
ist und bei deren Behandlung eine 
schnelle Evakuierung einer früh-
zeitigen Dekompression vorzuzie-
hen ist. Die hier angegebenen Zeit-
intervalle spiegeln ein logistisches 
Best-Case-Szenario wider, das auf 
Luftüberlegenheit basiert. Auf zu-
künftigen umkämpften Schlacht-
feldern wird aufgrund verlänger-
ter chirurgischer Verzögerungen 
die Neuroprotektion während län-
gerer Transporte von grösster Be-
deutung sein.

Modern combat spinal trauma is 
a distinct clinical entity. Manage-
ment requires balancing the surgi-
cal indication for early decompres-
sion against the logistical mandate 
for rapid strategic evacuation. We 
synthesized the most influential 
literature to characterize the epi-
demiology, management, and out-
comes, and to define the operatio-
nal standard of care in deployed 
settings. We performed a cita-
tion-weighted review of the com-
bat spine literature (2000–2025). 
The 30 most-cited primary studies 
were screened to identify clini-
cal cohorts with extractable data. 
We synthesized these high-impact 
sources to characterize injury 

epidemiology, surgical timing, and 
perioperative complications. Ni-
neteen publications representing 
31,409 casualties met inclusion 
criteria. The aggregate cohort was 
young (mean 25.4 years) and male 
(96.6%). Traumatic spinal cord in-
jury occurred in 27.6% of the eva-
luable population. Explosions ac-
counted for 79.1% of injuries, with 
a predominantly lumbar anatomi-
cal burden (65.5% patient preva-
lence). Surgical intervention was 
performed in 40.7% of patients. 
The mean time to the first spinal 
operation was 2.9 days. Of recor-
ded procedures, 20.3% were per-
formed at forward-deployed facili-
ties, while the remainder occurred 
after evacuation to definitive care 
nodes. The average reported mor-
tality rate was 7.4%. Combat spine 
trauma presents as a distinct en-
tity defined by blast mechanisms 
and thoracolumbar fractures, 
where management favors rapid 
evacuation over early decompres-
sion. The intervals reported here 
reflect a best-case logistical sce-
nario reliant on air superiority. In 
future contested battlefields, ex-
tended surgical delays will make 
neuroprotection during prolonged 
transport paramount.

List of Abbreviations AIS: Ab-
breviated Injury Scale; ASIA Ame-
rican Spinal Injury Association; 
DVT Deep Vein Thrombosis; GSW 
Gunshot Wound; IQR Interquar-
tile Range; MAP Mean Arterial 
Pressure; MVC Motor Vehicle Col-
lision; NASCIS National Acute Spi-
nal Cord Injury Studies; PE Pul-
monary Embolism; PMC PubMed 
Central Surgical Timing in Acute; 
STASCIS Surgical Timing in Acute 
Spinal Cord Injury Study; SCI Trau-
matic Spinal Cord Injury.

Introduction

Spinal injuries are now a stable 
component of modern combat ca-
sualty care. Analyses from Iraq 
and Afghanistan show that spi-
nal column trauma occurred in 
roughly one in ten evacuated com-
bat casualties, is largely fracture-
driven, and contributes substan-
tially to long-term disability and 
death in wounded service mem-
bers [1-3]. Within these cohorts, 
explosions – particularly improvi-
sed explosive devices and under-
body blasts – predominate, and in-
jury patterns are shifted toward 
thoracolumbar and lumbosacral 
segments, with low lumbar burst 
fractures repeatedly described in 
protected vehicle occupants [4, 5]. 
These patterns have emerged in a 
survivorship landscape reshaped 
by modern body armor and for-
ward resuscitation: ceramic pla-
tes, tourniquets, and hemostatic 
resuscitation allow service mem-
bers to live through high-energy 
blasts that would previously have 
been uniformly fatal, but they also 
shift part of the energy burden 
away from the thoraco-abdomi-
nal viscera and onto the axial ske-
leton. Registry and autopsy series 
from these conflicts report a hig-
her incidence of spinal trauma and 
war-related traumatic spinal cord 
injury (tSCI) than in earlier wars, 
with thoracic, thoracolumbar, and 
lumbosacral levels over-represen-
ted [1-4].

In parallel, the civilian and mixed-
system tSCI literature has moved 
toward earlier decompression. 
The multicenter Surgical Timing 
in Acute Spinal Cord Injury Study 
(STASCIS) cohort associated de-
compression within 24 hours with 
higher odds of meaningful neuro-
logical improvement after cervi-
cal tSCI [6]. Subsequent AO Spine 
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guidelines first suggested early 
surgery within 24 hours as a treat-
ment option for acute tSCI on the 
basis of low-quality observatio-
nal data [7] and have now upgra-
ded this to a recommendation for 
decompression within 24 hours  
whenever medically feasible, sup-
ported by moderate-quality evi-
dence from updated systematic re-
views [8].

In deployed practice, however, ti-
ming is constrained by echelo-
ned care. Contemporary military 
trauma systems move casualties 
along a Role 1–4 chain: point-of-
injury resuscitation and limited 
damage-control capability at the 
forward end, damage-control sur-
gery and early specialist input at 
Role 2/3, and definitive multidisci-
plinary reconstruction at Role 4 af-
ter strategic evacuation [9, 10]. This 
architecture, matured through the 
Joint Trauma System, has delive-
red measurable survival gains by 
emphasizing rapid stabilization, 
standardized protocols, and effi-
cient evacuation while concentra-
ting complex surgery at higher-ca-
pability nodes [11, 12]. As a result, 
the deployed surgeon operates 
under a structural tension: every 
hour spent on in-theater decom-
pression is an hour the patient is 
not moving toward definitive sa-
fety, whereas every hour spent in 
transit is a delay against the ische-
mic «clock» of the injured cord.

The clinical literature from recent 
conflicts can be read as a series of 
attempts to navigate this tension, 
but it is scattered across large re-
gistry analyses, autopsy series, and 
focused surgical cohorts. There is 
no concise quantitative synthesis 
of what the most influential pri-
mary studies actually report about 
epidemiology, early management, 

and short-term outcomes in com-
bat-related spinal trauma. 

Research question and objec-
tive. Because high citation counts 
in this space often track clinical in-
fluence and doctrinal weight, we 
asked: across the most cited pri-
mary studies of combat-related 
spine trauma from modern con-
flicts, what are the epidemiology, 
early management patterns, and 
short-term outcomes? The pri-
mary outcome was early manage-
ment, defined as the proportion of 
patients undergoing surgery and 
the reported timing of their in-
dex spinal operation. Secondary 
outcomes were mechanism dis-
tributions, anatomic injury levels, 
concomitant injuries, and early 
complications.

Methods

Design and identification of evi-
dence. We performed a system-
atic, citation‑weighted review of 
primary clinical studies on com-
bat‑related spinal trauma using 
a custom algorithmic screening 
script written in Python (Version 
3.12; Python Software Founda-
tion, Wilmington, DE, USA) utili-
zing the Biopython library to in-
terface with the NCBI E-utilities 
API. Using PubMed/MEDLINE, we 
searched for English‑language ori-
ginal research published between 
1 January 2000 and 1 October 2025 
that reported acute spinal column 
injuries (vertebral fractures and/
or tSCI) in military or war‑related 
settings. We combined terms for 
spinal trauma with conflict‑rela-
ted keywords (for example Iraq, 
Afghanistan, OIF/OEF, blast, im-
provised explosive device, Role 
2/3). We restricted the search to hu-
man clinical studies of case series 
level of evidence or higher with 
an abstract and excluded clearly 

non‑trauma topics (such as chro-
nic low‑back pain, ergonomics, and 
animal or cadaver models), as well 
as non-systematic reviews, editori-
als, and conference abstracts. For 
each remaining paper we obtained 
its PubMed Central citation count 
and then ranked and screened the 
30 most‑cited articles as the group 
most likely to influence clinical 
practice.

Eligibility and abstraction. We 
reviewed the top 30 papers and in-
cluded clinical cohorts or case se-
ries of acute combat related spinal 
column injury in deployed person-
nel or war casualties treated wit-
hin a military trauma system. Stu-
dies required a clear denominator 
for at least one early care or out-
come variable. We excluded nar-
rative reviews, guidelines, autopsy 
series without a linked clinical co-
hort, purely civilian trauma series, 
animal/cadaver studies, and non-
trauma topics (e.g., chronic pain, 
ergonomics); however, systematic 
reviews containing unique, ex-
tractable data were retained. Data 
were entered into a standardized 
spreadsheet, recording study de-
sign, conflict years, patient num-
bers, mechanism (explosion, guns-
hot, MVC, other), injury levels, and 
associated injuries. For manage-
ment, we captured surgical loca-
tion (deployed vs. definitive), pro-
portion operated within 24 and/or 
72 hours, and median time to first 
operation. Mortality and major 
complications (pneumonia, wound 
infection, venous thromboembo-
lism) were recorded as reported; 
no values were inferred.

Synthesis. For each study we cal-
culated proportions using the de-
nominators reported by the ori-
ginal authors. We then pooled 
studies by summing the number of 
events and the number of patients 
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for each variable (for example, the 
total number of patients with tSCI 
divided by the total number of pa-
tients in all cohorts that reported 
tSCI). For segment‑level injury dis-
tributions, where many patients 
had injuries at multiple levels and 
some large registries reported only 
partial coding, we also present the 
unweighted mean (uw‑mean) of 
the study‑level percentages so that 
large and small cohorts contribute 
equally. Given the heterogeneity in 
conflicts, case mix, and follow‑up 
windows, we did not perform a for-
mal meta‑analysis; all percentages 
are presented as descriptive sum-
maries of what these influential se-
ries report. Each publication was 
treated as an independent cohort 
acknowledging that several large 
datasets come from the same con-
flicts and time periods and likely 
include overlapping patients that 
could not be de‑duplicated. Pri-
mary outcomes were patterns of 
early spine management – whet-
her surgery was performed, the 
echelon of care at which the index 
spine operation occurred, and the 
reported time from injury to that 
operation – while secondary out-
comes captured mechanism pro-
files, anatomic injury distributi-
ons, associated injuries, and early 
complications.

Results

Studies and designs. Nineteen pu-
blications met inclusion criteria. 
Designs were predominantly re-
trospective cohort studies (n=15), 
supplemented by two systematic 
reviews, one case-control study, 
and one case series ( Figure 1). Ob-
servation periods spanned 1975–
2021. Study sample sizes ranged 
from 13 to 27,897 patients (me-
dian 65; uw-mean 1,653), yielding 
a total of 31,409 combatants with 
spine injuries and 36,100 recorded 

spinal injuries (Figure 2, Table 2). 
Across the full dataset, this corre-
sponds to 1.15 spinal injuries per 
patient, while at the study level the 
median reported ratio was 1.22 in-
juries per patient (interquartile 
range [IQR] 1.0–2.22; Table 2).

Most series were drawn from re-
cent conflicts. Fifteen of the ni-
neteen reports explicitly sampled 
casualties from Iraq and Afgha-
nistan and together contributed 
30,959 patients; one smaller series 
(50 patients) reported Afghanis-
tan alone, and three studies (400 
patients) did not specify the area 
of operations (Figure 2).

Demographics and spinal cord 
involvement. Fifteen cohorts 
reported age data. The patient-
weighted mean age at injury was 
25.4 years (uw-mean 28.0 years), 
and the median of study-level me-
ans was 26.6 years (range 25.3–
39.1 years; Table 2). Sex distribu-
tion, where reported (12 cohorts), 
was overwhelmingly male, with 
a pooled, patient-weighted mean 
proportion of 96.6% male casual-
ties (Table 2).

Thirteen cohorts reported the pro-
portion of patients with traumatic 
spinal cord injury. Across these, 
the pooled patient-weighted mean 
proportion with spinal cord in-
jury was 27.6%, while the median 
study-level proportion was 41.5% 
(IQR 17.4–76.0%; range 0–100%; Ta-
ble 2). Most of the included cohorts 
did not report ASIA impairment 
scores or other standardized neu-
rological grades, so we could not 
break these figures down by com-
pleteness of injury or compare all 
outcomes by severity.

Mechanisms and types of injury. 
Mechanism of injury was reported 
in 15 of 19 cohorts (Figure 5). In 

the pooled, patient‑weighted ana-
lysis, explosions or blasts accoun-
ted for 79.1% of combat spine in-
juries, gunshot wounds for 14.3%, 
motor vehicle crashes for 19.9%, 
and falls for 6.2%. At the study le-
vel, the corresponding medians of 
reported proportions were 65.0% 
for explosions (range 23.1–100.0%), 
15.1% for gunshot wounds (range 
9.4–44.1%), 11.9% for motor ve-
hicle crashes (range 5.0–34.4%), 
and 5.8% for falls (range 5.0–7.4%; 
Figure 5). Because mechanisms 
were not coded as mutually exclu-
sive in all registries, these percen-
tages can sum to more than 100%.

Traumatic spinal cord injury was 
reported in 27.6% of the pooled pa-
tient population, with a median 
study-level prevalence of 41.5%. 
Twelve cohorts reported broad 
injury type (Figure 5). Blunt 
trauma accounted for a pooled, 
patient‑weighted mean of 68.1% 
of cases and penetrating trauma 
for 30.7%. The median study‑le-
vel proportions were 81.2% for 
blunt trauma (range 33.1–100.0%) 
and 23.8% for penetrating trauma 
(range 9.4–97.9%; Figure 5). Seve-
ral primary studies classified blast 
injuries variably as blunt, pene-
trating, or in separate categories, 
which is reflected in the observed 
ranges.

Anatomical distribution. Seg-
ment level involvement was varia-
bly reported, with 5–6 cohorts (n 

= 699–767 patients) providing pati-
ent level data and up to 13 cohorts 
(n ≈ 32,000 spine injuries) repor-
ting injury level distributions (Fi-
gure 3). At the patient level, the uw-
mean prevalence of involvement at 
each spinal region was 39.3% for 
cervical, 21.2% for thoracic, 65.5% 
for lumbar, and 41.0% for sacral 
segments; percentages exceed 
100% because many patients had 
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multilevel injuries. At the injury 
level the mean prevalence across 
cohorts was 30.2% for cervical, 
28.2% for thoracic, 39.9% for lum-
bar, and 14.0% for sacral injuries.

Operative care and timing. Eight 
cohorts reported the proportion 
of patients undergoing operative 
management. Across these series, 
40.7% of spine injured patients 
were treated surgically in the poo-
led, patient weighted analysis. At 
the study level, the uw mean ope-
rative rate was 58.4%, with a me-
dian of 65.6% (range 5.9–100.0%). 
Where the level of care was speci-
fied (two cohorts), 12 spine opera-
tions were performed at deployed 
Role 3 hospitals in the area of com-
bat before strategic evacuation and 
47 were performed after arrival at 
Role 4 hospitals in the rear sup-
port area, so about one in five re-
corded spine procedures (20.3%) 
took place forward in the combat 
zone (Table 2).

Surgical timing was reported for 
351 patients across three cohorts. 
In this group, the median time to 
initial surgery reported was 1.7 

days and the uw-mean was 2.9 
days. Timing for definitive recons-
truction was tracked in two smal-
ler cohorts totaling 33 patients; in 
this subset, the median time to fi-
xation was 15.5 days and the mean 
was 16.5 days (Figure 4).

Concomitant injuries. Five co-
horts comprising 1,587 patients re-
ported head injuries in 58.9% of ca-
ses (Figure 5). Extremity fractures 
affected 54.1% of the 734 patients 
tracked across five studies. Six co-
horts (n=812) reported abdominal 
injuries in 28.7% of cases, while 
three cohorts (n=649) identified 
chest trauma in 26.7%.

Complications, reoperation, and 
mortality. Outcomes were synthe-
sized based on the available pati-
ent pools for each metric (Figure 
5, Table 2). Nine cohorts compri-
sing 1,738 patients reported mor-
tality; the average rate across the 
total patient population was 7.4%, 
whereas the median rate reported 
among individual studies was 3.1% 
(range 0–100.0%). Complication 
profiles were available for a simi-
lar group of 1,687 patients (nine 

studies), yielding a population 
average of 14.8% (median study 
value 16.7%; range 0–69.2%). Re-
operation data was tracked in se-
ven cohorts totaling 483 patients; 
in this subset, the reoperation rate 
was 17.6% across the population 
(median study value 14.0%; range 
7.7–100.0%).

Specific complications were re-
ported less consistently (Figure 5). 
Five cohorts comprising 997 pati-
ents tracked wound infections; the 
average rate across this population 
was 5.9%, compared to a median 
study-level rate of 9.0% (range 3.1–
20.0%). Venous thromboembolism 
was monitored in a subset of 740 pa-
tients (five studies), yielding a po-
pulation average of 3.6% (median 
study value 2.5%; range 0–53.8%). 
Pneumonia was reported in three 
cohorts totaling 677 patients; the 
average rate was 3.0% across the 
population (median study value 
0%; range 0–3.4%).

PMC 
Citations

First 
Author

Year Title Journal Study Type

24 Schoenfeld 
AJ (1)

2013 Spinal injuries in United States 
military personnel deployed to 
Iraq and Afghanistan: an epide-
miological investigation invol-
ving 7877 combat casualties from 
2005 to 2009.

Spine Retrospective Cohort

12 Ragel BT 
(5)

2009 Fractures of the thoracolumbar 
spine sustained by soldiers in ve-
hicles attacked by improvised ex-
plosive devices.

Spine Retrospective Cohort

9 Blair JA (3) 2012 Military penetrating spine inju-
ries compared with blunt.

The Spine Journal Retrospective Cohort

8 Lehman 
RA Jr (4)

2012 Low lumbar burst fractures: a 
unique fracture mechanism sus-
tained in our current overseas 
conflicts.

The Spine Journal Retrospective Cohort

Table 2. Summary Statistics of the Top-Cited Papers in Combat Spinal Trauma 
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8 Formby 
PM (13)

2016 Operative management of com-
plex lumbosacral dissociations in 
combat injuries.

The Spine Journal Retrospective Cohort

8 Lawless 
MH (14)

2018 Surgical management of penetra-
ting spinal cord injury primarily 
due to shrapnel and its effect on 
neurological outcome: a litera-
ture review and meta-analysis.

Journal of Neurosur-
gery: Spine

Systematic Review/
Meta-analysis

6 Patzkow-
ski JC (15)

2012 Multiple associated injuries are 
common with spine fractures du-
ring war.

The Spine Journal Retrospective Cohort

6 Mok JM 
(16)

2013 Effect of vacuum spine board im-
mobilization on incidence of pres-
sure ulcers during evacuation of 
military casualties from theater.

The Spine Journal Retrospective Cohort

5 Freedman 
BA (17)

2014 The combat burst fracture study-
-results of a cohort analysis of the 
most prevalent combat specific 
mechanism of major thoracolum-
bar spinal injury.

Archives of Ortho-
paedic and Trauma 
Surgery

Case-Control

4 Eardley 
WG (18)

2012 Spinal fractures in current mili-
tary deployments.

Journal of the Royal 
Army Medical Corps

Retrospective Cohort

3 Spurrier E 
(19)

2016 Identifying Spinal Injury Patterns 
in Underbody Blast to Develop 
Mechanistic Hypotheses.

Spine Retrospective Cohort

3 Stewart SK 
(20)

2019 Fatal head and neck injuries 
in military underbody blast 
casualties.

Journal of the Royal 
Army Medical Corps

Retrospective Cohort

2 Possley DR 
(21)

2012 Complications associated with 
military spine injuries.

The Spine Journal Retrospective Cohort

2 Formby 
PM (22)

2015 Reoperation after in-theater com-
bat spine surgery.

The Spine Journal Retrospective Cohort

2 Breeze J 
(23)

2012 Outcomes from penetrating bal-
listic cervical injury.

Journal of the Royal 
Army Medical Corps

Case Series

1 Sommer F 
(24)

2023 Spinal injuries after ejection seat 
evacuation in fighter aircraft of 
the German Armed Forces bet-
ween 1975 and 2021.

Journal of Neurosur-
gery: Spine

Retrospective Cohort

1 Cuthbert-
son JL (25)

2020 Spinal Immobilization in Disas-
ters: A Systematic Review.

Prehospital and Di-
saster Medicine

Systematic Review/
Meta-analysis

1 Wagner SC 
(26)

2015 Operative treatment of new onset 
radiculopathy secondary to com-
bat injury.

Military Medicine Retrospective Cohort

0 MacGregor 
AJ (27)

2023 Research Letter: Prevalence of 
Spine Injuries Among US Military 
Personnel With Combat-Related 
Concussion (27).

Journal of 
Head Trauma 
Rehabilitation

Retrospective Cohort

Caption: The 19 most-cited primary clinical studies on combat-related spinal trauma (2000–2025) ranked by ci-
tation frequency. The top 30 most-cited articles identified by the search strategy were screened in full text; 19 met 
the inclusion criteria for data extraction. Citation counts reflect PubMed-to-PubMed citations, serving as a proxy for 
clinical influence within the peer-reviewed biomedical literature. Abbreviations: PMC, PubMed Central.
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Figure 1. PRISMA 2020 flow diagram
Figure 1. PRISMA 2020 flow diagram 
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Clinical Variable Studies (k) Total Patients (N) Total Events (n) Pooled Prevalence

COHORT OVERVIEW

Total Included Cohort 19 31,409 - -

Total Spinal Injuries 19 31,409 36,100 -

DEMOGRAPHICS

Age (Mean Years) 15 30,660 - 25.40%

Male Sex 12 30,272 29,249 96.60%

INJURY CHARACTERISTICS

Traumatic Spinal Cord Injury 13 2,688 741 27.60%

MANAGEMENT

Surgical Intervention 8 1,679 683 40.70%

Operations in Combat Zone 2 59 12 20,30%

OUTCOMES

Overall Complication Rate 9 1,687 250 14.80%

Reoperation Rate 7 483 85 17.60%

Mortality 9 1,738 129 7.40%

Caption: Aggregate data summary of combat-related spinal trauma. This table details the pooled preva-
lence of key demographic, injury, and management variables. For each variable, the data reflects only the 
subset of studies (k) that explicitly reported that outcome. Columns show the total number of patients eva-
luated for that specific variable (N), the total count of observed events or cases (n), and the resulting poo-
led percentage. Abbreviations: k, number of studies; N, total patient denominator; n, total number of events.

   

Table 2. Summary Statistics of the Top-Cited Papers in Combat Spinal Trauma
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Figure 2. Temporal distribution 
of included studies.

A timeline visualization of the 19 
studies included in the analysis re-
presenting a total cohort of 31,409 
patients over a 46-year period 
(1975–2021). The horizontal bars 
indicate the data collection period 
for each publication, color-coded 
by war theater. The majority of stu-
dies (n=15) correspond to the Iraq 
and Afghanistan conflicts. Abbre-
viations: n, number.

Figure 3. Anatomical distribu-
tion of spinal injuries. 

The data is presented in two ways 
to distinguish between patient in-
volvement and total injury bur-
den. (Left) Percentage of Patients 
Affected: Shows the proportion of 
patients who sustained an injury 
at each specific level. Because in-
dividual patients often have inju-
ries at multiple levels (e.g., a pati-
ent with both cervical and lumbar 
fractures), these percentages sum 
to more than 100%. (Right) Dis-
tribution of Total Injuries: Shows 
the breakdown of all spinal inju-
ries combined. This treats the in-
juries as the unit of analysis, sho-
wing what percentage of the total 
injury pool occurred at each level 
(summing to 100%). Lumbar seg-
ments show the highest prevalence 
in both analyses (65.5% of pati-
ents; 39.9% of total injuries). La-
bels above bars indicate the num-
ber of studies (k) and contributing 
sample size (n).
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Figure 4. Surgical timing 
intervals.

Box plots display the distribution 
of reported mean times to surgery. 
Initial surgery (typically decom-
pression) occurred at a median of 
1.7 days (k=3 studies). Definitive 
stabilization occurred at a me-
dian of 15.5 days (k=2 studies). The 
black line indicates the median; 
dots represent individual study 
means. Abbreviations: n, number 
of studies.

Figure 5. Associated injury bur-
dens and clinical complications.

(Left) Non-Spinal Injuries: Extre-
mity fractures were most common 
(median 53.1%), followed by head 
trauma (35.0%).(Right) Complica-
tions: Infection was the most fre-
quent issue (median 9.0%). Morta-
lity was 3.1% (median of 9 studies). 
Note: The text cites a higher mor-
tality (7.4%) because it averages all 
patients (total burden), whereas 
this figure shows the typical rate 
reported by a single study. Abbre-
viations: DVT, deep vein thrombo-
sis; PE, pulmonary embolism
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Discussion

The epidemiology synthesized 
here confirms that modern com-
bat spinal trauma is a distinct cli-
nical entity, diverging sharply 
from civilian patterns in mecha-
nism, anatomy, and patient demo-
graphic. While civilian tSCI is in-
creasingly a geriatric syndrome 
defined by cervical tSCI after low 
energy falls and decreasing num-
bers in high velocity motor ve-
hicle accidents [28, 29], the com-
bat cohort is young (mean ~25–28 
years), predominantly male, and 
overwhelmingly shaped by explo-
sive mechanisms (median 65%). 
This specific injury pattern – burst 
fractures in the lower spine follo-
wing underbody blasts – requires 
the deployed surgeon to anticipate 
complex reconstruction needs that 
differ from the cervico-thoracic 
decompression workload seen in 
civilian trauma centers. Most se-
ries did not provide ASIA grades 
or consistent descriptions of open 
versus closed spinal wounds, so 

we cannot determine whether pa-
tients with complete spinal cord 
injuries or open spinal wounds 
were triaged or evacuated diffe-
rently from those with incomplete 
deficits. 

A central tension exists between 
the biological imperative for de-
compression and the logistical im-
perative for evacuation. The civi-
lian standard has solidified around 
the "24-hour rule"; decompression 
within this window is associated 
with superior neurological reco-
very and is now recommended by 
global guidelines [6, 8, 30].

However, our synthesis shows 
that the battlefield reality does 
not meet this 24‑hour target: the 
median time to the first spine ope-
ration is 1.7 days (about 41 hours). 
This delay is mostly a structural 
feature of the Role 1–4 system rat-
her than a failure of individual 
teams. Operating at a deployed 
Role 3 hospital close to the zone of 
active operations means accepting 

a deliberate «tactical hold” on eva-
cuation to carry out surgery, whe-
reas deferring the case to a Role 4 
hospital outside the theatre of ope-
rations allows rapid movement out 
of the combat zone but inevitably 
adds time before decompression. 
In the cohorts that reported le-
vel of care, only about one in five 
spine operations was performed at 
these forward Role 3 facilities; the 
remainder were done after strate-
gic evacuation. This pattern sug-
gests that deployed surgeons use 
forward capability selectively re-
serving it for patients who seem 
most likely to benefit (for exam-
ple, those with incomplete spinal 
cord injuries at risk of deteriora-
tion) and moving patients with 
complete (AIS A) cord injuries or 
mechanically stable fractures qui-
ckly to rear based care [31]. 

Primary clinical cohorts sug-
gest that forward surgical capa-
bility is utilized selectively to 
achieve decompression within 
the 24-hour window for patients 

Figure 6. Trauma mechanisms 
and injuryclassification.

Injury mechanisms and types. 
(Left) Mechanism: Explosions 
were the primary cause of injury 
(median 65.0%), followed by guns-
hot wounds (15.1%) and motor ve-
hicle collisions (11.9%). (Right) In-
jury Type: Blunt trauma (median 
81.2%) was significantly more 
common than penetrating trauma 
(23.8%). Note: Data represents 
the median of reporting studies 
(k). Abbreviations: GSW, gunshot 
wound; MVC, motor vehicle
collision.
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with significant neurological de-
ficits, and even in those, is not al-
ways achievable. In the only di-
rect comparison of theater-level 
versus rear-echelon management, 
patients treated in Afghanistan 
presented with a markedly higher 
prevalence of incomplete spinal 
cord injury (42% ASIA D) compa-
red to those evacuated to Germany 
(13% ASIA D); consequently, the in-
theater cohort underwent surgery 
at a mean of 0.8 days, with 90% 
treated within 48 hours (Schoen-
feld 2014 Evaluation of Immediate 
Postoperative Complications) [32]. 
By contrast, patients stabilized for 
evacuation to Landstuhl Regio-
nal Medical Center waited a mean 
of 3.0 days for definitive fixation 
(Schoenfeld 2014 Evaluation of Im-
mediate Postoperative Complicati-
ons) [32]. This aggressive forward 
timeline for neurologically inju-
red casualties is corroborated by 
analyses of patients requiring re-
operation, where a cohort predo-
minantly affected by SCI (12 of 13 
patients) underwent index stabili-
zation at a mean of 1.6 days, with 
nearly a quarter treated on the day 
of injury [22]. Even among complex 
lumbosacral dissociations where 
reconstruction was typically de-
layed (mean 19.9 days), immediate 
intervention (day 0) was reserved 
specifically for cases of progres-
sive neurological deterioration 
[13]. However, historical variance 
is significant; a meta-analysis of 
penetrating injuries noted mean 
surgical intervals ranging from 
as rapid as 2.4 hours to as delayed 
as 6.3 days depending on the spe-
cific conflict and logistical cons-
traints [14]. 

The complication profile emer-
ging from this review highlights 
the specific risks of the combat 
environment. The median wound 
infection rate (~9%) is notably 

higher than the 1–5% seen in elec-
tive or closed civilian trauma [33, 
34]. This is a direct consequence 
of high-energy explosive mecha-
nisms, which drive debris into the 
spinal column, compounded by the 
necessity of staged debridement 
and prolonged open wound ma-
nagement during evacuation.

Conversely, the low reported rates 
of pneumonia (0–3.4%) and VTE 
(median 2.5%) likely reflect the 
fragmented observation windows 
of the evacuation chain rather 
than true clinical success. In civi-
lian cohorts, respiratory failure is 
a leading cause of early morbidity 
[35]. In deployed military cohorts, 
casualties are usually younger 
and have fewer comorbidities, and 
many of the most severely injured 
either die before reaching facili-
ties with ventilatory and imaging 
capability or are evacuated out of 
theater early; pneumonias that 
develop during prolonged trans-
port or at Role 4 hospitals are the-
refore unlikely to be captured by 
the mostly short in theater follow 
up reported in registries. Similarly, 
VTE is probably under diagnosed 
because imaging and screening 
are inconsistent along the evacua-
tion chain, and the low baseline 
risk profile of this young popula-
tion may further reduce the num-
ber of clinically apparent events. 

The data implies that while the 
goals of military and civilian care 
are aligned, the pathways are dis-
tinct. The military system achieves 
acceptable outcomes not by adher-
ing strictly to the 24-hour rule, but 
by utilizing rapid aeromedical eva-
cuation to reach definitive care as 
close to that window as logistics 
allow. To optimize this system, fu-
ture efforts should focus on high-
yield areas. First, every hour saved 
in pre-operative logistics – imaging, 

transfers, handoffs, and operating 
room access – is critical; standard-
ized checklists and time stamped 
workflows at each echelon can ex-
pose avoidable delays and support 
continuous process improvement. 
At the same time, meticulous me-
chanical spinal stabilization is re-
quired to prevent a «second hit” to 
the cord during prolonged, multi 
leg evacuation. Contemporary gui-
dance emphasizes early immobili-
zation with an appropriately sized 
cervical collar and rigid or vacuum 
spine board, careful in line hand-
ling during extrication and trans-
fers, and early conversion from 
hard surfaces to padded or va-
cuum mattresses once definitive 
imaging and initial resuscitation 
are complete, balancing the need 
for motion restriction against the 
risks of pressure injury in protrac-
ted transport [16, 25, 36]. Further, 
when surgery is unavoidably de-
layed, hemodynamic management 
becomes the principal neuropro-
tective bridge. Current recommen-
dations support maintaining a 
mean arterial pressure of roughly 
75–80 mmHg for the first 3–7 days 
after injury, a target that is achie-
vable across intensive care and cri-
tical care transport platforms and 
should be protocolized throughout 
the evacuation chain [37, 38]. Phar-
macologic strategies remain more 
controversial. High-dose methyl-
prednisolone is still the only agent 
with phase III randomized trial 
evidence for neuroprotection when 
initiated within 8 hours of injury 
(30 mg/kg IV bolus over 15 minu-
tes followed by 5.4 mg/kg/h for 23 
hours), with modest motor score 
improvements reported in selected 
patient subgroups of the landmark 
National Acute Spinal Cord Injury 
Studies (NASCIS) randomized tri-
als [39]. However, the American 
College of Surgeons Best Practices 
Guidelines for Spine Injury and the 
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Cochrane review highlight increa-
sed rates of infection, gastrointes-
tinal bleeding, hyperglycemia and 
even mortality, such that methyl-
prednisolone is not recommended 
as routine care but, at most, as an 
individualized option in carefully 
selected patients [36, 38, 39]. Other 
candidate neuroprotective agents – 
including riluzole, granulocyte co-
lony stimulating factor, minocyc-
line, progesterone plus vitamin D, 
and GM1 ganglioside/Sygen [40-44] 

– have shown encouraging signals 
in preclinical and early phase cli-
nical studies, and riluzole and gra-
nulocyte colony stimulating factor 
may improve neurological outco-
mes, but current evidence remains 
inconclusive and insufficient to 
justify routine use in the first 24–
72 hours after tSCI, particularly in 
austere or resource limited settings 
[38]. In summary, optimizing tSCI 
care in deployed environments 
will depend on systematically re-
ducing avoidable delays to decom-
pression, enforcing best practice 
mechanical and hemodynamic 
neuroprotection during prolonged 
evacuation, and rigorously stan-
dardizing data. Future registries 
should adopt uniform definitions 
of «early” surgery (for example, 
≤24 vs >24 hours), align these thres-
holds with contemporary evidence 
syntheses, and capture 30 day out-
comes – especially venous throm-
boembolism and infection – that 
span theater boundaries, thereby 
enabling meaningful benchmar-
king and iterative improvement of 
the military spine trauma system 
[30, 36, 38].

Strengths and limitations. This 
study’s primary strength lies in its 
influence-weighted methodology, 
which captures the specific body 
of evidence that has most heavily 
shaped current military doctrine 
by prioritizing high-impact studies 

over a broad keyword sweep. Furt-
hermore, our strictly descriptive 
synthesis respects the structural 
heterogeneity of the data, avoiding 
the false precision of meta-analysis 
to allow the diverse denominators 
and follow-up windows of combat 
registries to stand on their own. 

The main weaknesses come from 
the underlying studies. Only a mi-
nority report operative timing cle-
arly enough to separate damage 
control surgery in deployed Role 
2/3 facilities from definitive sur-
gery at Role 4 hospitals, so the exact 
impact of surgical «holds» on de-
lay is hard to quantify. Neurologi-
cal detail is limited: ASIA grades, 
completeness of injury and stan-
dardized mortality time points 
are rarely given, and mechanism 
categories often overlap (for exam-
ple, blast injuries counted as both 
blunt and penetrating trauma). Se-
veral cohorts draw on overlapping 
trauma registries from the same 
conflicts and time periods; we had 
no way to identify individual pati-
ents across publications, so some 
may be counted more than once. 
Our figures should therefore be 
read as descriptive summaries of 
the influence weighted literature 
rather than as de duplicated regis-
try data. This is also, why we report 
both calculated pooled means, as 
well as median values. 

Prehospital and early in theater ex-
ternal stabilization is another cri-
tical but poorly captured element 
of care. Contemporary military 
protocols, including the American 
College of Surgeons Best Practices 
Guidelines: Spine Injury, empha-
size rigid cervical collars, vacuum 
mattresses or spine boards, care-
ful log roll techniques, and avoi-
dance of unnecessary transfers to 
minimize secondary displacement 
of unstable spinal injuries during 

prolonged evacuation; a recent sys-
tematic review of spinal immobili-
zation in disasters reached similar 
conclusions.

There is also important selection 
bias. Most included series describe 
US and UK forces in Iraq and Af-
ghanistan, where coalition air su-
periority and the «golden hour” 
mandate – strictly enforcing casu-
alty transport to surgical capabi-
lity within 60 minutes – leveraged 
dense rotary wing coverage to pro-
duce historically low case fatality 
rates [45]. Planning documents for 
future large scale or near peer con-
flicts warn that such rapid, at will 
evacuation cannot be assumed; 
adversaries are expected to con-
test airspace and target medical 
evacuation assets [46-48]. Early 
reports from Ukraine already de-
scribe much longer and more vari-
able evacuation times – often 8–12 
hours or more to reach medical fa-
cilities, sometimes ≥6 hours just to 
reach basic stabilization – and deli-
berate delays due to drone surveil-
lance and artillery threat [49-51]. 
Our timing data should therefore 
be viewed as a best case bench-
mark from well resourced forces 
with air superiority. In less per-
missive environments, longer de-
lays will make disciplined neuro-
protective medical care – even in 
the absence of definitive surgery – 
central to tSCI management. Role 2 
and 3 facilities should therefore be 
equipped to monitor MAP continu-
ously and deliver vasoactive sup-
port along the evacuation chain. 
Pharmacologically, high dose met-
hylprednisolone remains contro-
versial despite historical trial data, 
and other candidate neuroprotec-
tive agents such as riluzole, gra-
nulocyte colony stimulating factor, 
minocycline, progesterone plus 
vitamin D, and GM 1 ganglioside 
are still investigational and not 
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standard of care in the first 24–72 
hours after injury.

Finally, because selection was dri-
ven by cumulative citation counts, 
our sample inherently favors esta-
blished literature, potentially un-
derrepresenting high-quality but 
recent studies from the mature 
phases of the conflicts that have 
not yet accrued sufficient biblio-
metric weight.

Conclusion. In the most cited mo-
dern series, combat spinal trauma 
emerges as a young, blast driven, 
thoracolumbar heavy injury pat-
tern: about one in four casualties 
sustain traumatic spinal cord in-
jury, nearly 80% of injuries are 
blast related, and lumbar segments 
are involved in roughly two thirds 
of patients. Despite this high risk 
profile, only about 40% undergo 
spine surgery, with typical time 
to first definitive operation on 
the order of 2–3 days after injury 
and only a minority of procedures 
performed at forward Role 3 faci-
lities, even when tSCI and/or neu-
rological deficit are present. This 
stands in contrast to civilian gui-
delines, which now recommend de-
compression within 24 hours whe-
never feasible. Yet these timelines 
were achieved in a best case logis-
tic environment – air superiority, 
robust aeromedical capacity, and 
short, protected evacuation rou-
tes – and are unlikely to be repli-
cated in future large scale or con-
tested conflicts. Our focus should 
therefore be clear: while we conti-
nue to pursue earlier decompres-
sion when it can be done safely, the 
core of combat spine doctrine must 
be deliberate, system wide neuro-
protection during prolonged eva-
cuation – reliable immobilization 
and careful handling, hemodyna-
mic optimization, and disciplined 
avoidance of secondary insults – so 

that neurological potential is pre-
served as far as possible when gui-
deline concordant early surgery 
cannot be guaranteed.
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