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Chapter 12
Thoracic and Lumbar Spine Injuries

Jeffrey B. Knox and Joseph Orchowski

Introduction

Military service members represent a highly active population that is regularly en-
gaged in rigorous physical training as well as occupational activities that place sig-
nificant stress on the spinal column. As such, spine conditions present a significant 
burden within this population and are among the leading causes of disability in 
both volunteer and conscript armies [1, 2]. In 2012, “back problems” were the most 
common condition resulting in a medical encounter, resulting in 917,738 visits of 
214,210 service members [3].

This was well demonstrated in a recent study by Mydlarz et al., who performed 
a comprehensive surveillance of military service members presenting with degen-
erative disc disorders (which included lower back pain, sciatica, cervicalgia, spon-
dylolisthesis, etc.…). During the study period of 2006–2010, the authors identified 
an incidence of 951.4 per 1000 person-years. Additionally, this was the primary 
diagnosis for 1,660,702 medical encounters, 68,247 lost duty days, and 11.1 % of 
medical discharges in the US Army [4].

Among spinal conditions, the lumbar spine represents the most common site of 
injury/disability among military personnel. Lumbar spine injuries were responsible 
for 145,324 episodes of care over a 1-year period in non-deployed military person-
nel [5]. Additionally, Knox et al. demonstrated an incidence rate of lower back pain 
requiring medical attention of 40.5 per 1000 person-years among the US military 
service members [6]. Childs et  al. demonstrated that 15.8 % of soldiers incurred 
health-care costs related to low back pain over a 2-year period with a median cost 
of $432 per soldier [7]. Back pain is also the cited reason behind 11 % of lost duty 
days in the British Army [8].
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Both the high incidence as well as the challenges of diagnosis were highlighted 
by Carragee et al. These authors performed a prospective study in which Special 
Operations reserve soldiers without prior history of back pain were followed and 
queried about low back pain in addition to their normal annual medical question-
naire. In this study, less than 3 % of soldiers reported back pain in their annual medi-
cal questionnaire despite 84 % reporting mild and 64 % moderate low back pain 
during the study period during the interviews.

Thoracic spine pain and injuries are much less common and much less com-
monly studied than similar conditions in the lumbar spine. Prevalence rates vary 
significantly between studies with differences in criteria for inclusion as well as 
population studied. Rates of thoracic pain in the military ranged from as low as 
4.3 % among Naval officers [9] to as high as 32 % in fighter pilots [10].

Causes of Injury

Military service members are engaged in a variety of activities that place them at 
risk for back injuries. Military training is frequently cited as a cause of back pain 
or back injury in numerous studies. This, however, represents a broad category in-
volving many different specific activities. Such activities include marching, drill, 
weapons training, field exercises, as well as fitness training. Gruhn et al. reported 
military training to be the cause of 37 % of back injuries seen at an Army physical 
therapy clinic [11]. Similarly, Strowbridge reported 30 % of back injuries resulting 
in a health-care visit to be caused by military training.

Carragee reported a 1/3 rate of back pain with an intensity rated over 4/10 dur-
ing drill weekends in Special Operations reservists after training that involved road 
marches compared to 20 % in training without. Additionally, during such weekends, 
25 % of soldiers reported an Oswestry Disability Index (ODI) over 10 after these 
training periods. The intensity of training does appear to correlate with injury risk 
as Carragee et al. reported a 10 % increased risk of injury and 3–4x risk of disability 
during periods of heavy training [12]. Also, frequent night training has been impli-
cated in increased rates of back injury. Hou et al. demonstrated that night training 
more than twice per week resulted in nearly double the incidence of back pain in 
Chinese conscripts [13].

Within the broad category of military training, combat training and marching are 
frequently cited causes for low back pain. Fitness training which includes running 
5 km more than three times per week was shown to increase the incidence of back 
pain by 80 % [13]. Grenade throwing training with greater than 200 throws per day 
resulted in a 1.7-fold increase in back pain rates [13].

In addition to military training activities, occupational activities attributed to the 
development of back pain or injury in over 50 % of cases [8]. There is a wide diver-
sity of occupations within the military service with wide differences in risk expo-
sure. Specifics regarding different occupations will be discussed in the next section. 
There are also certain activities that are associated with back pain and injury across 
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multiple occupations. One such high-risk occupational activity is manual handling 
and lifting. Lifting/handling activities are among the most common causes of injury 
and lost workdays with the back representing the most common site of injury [14]. 
Gruhn et al. reported manual handling to be the cause of 16 % of back injuries pre-
senting to a physical therapy clinic [11].

Although military service members are engaged in many occupational activi-
ties that place them at risk for back injury, a large proportion of individuals sustain 
injury during off-duty activities. Strowbridge et al. reported only 57 % of injuries 
to be related to military training or work activities in a series of British soldiers 
with the remainder caused by off-duty activities, sporting activities, and road traf-
fic accidents resulting in the remainder [8]. Gruhn et al. reported sporting activities 
to be responsible for 16 % of lumbar spine injuries presenting to an Army physical 
therapy clinic [11].

Occupational Risk Factors

Despite being relatively common across the armed services, different occupations 
are subjected to dramatically different work environments and physical demands. 
Because of this, individuals of different occupations are subjected to significantly 
different risk of back injury and back pain. While occupational risk has been evalu-
ated in multiple studies, there has been little consensus on high-risk occupations 
between these studies. Comparisons among the literature is challenging due to dif-
ferences in definition of injury/disease, differing classifications of occupations, and 
difficulty in controlling for actual work environments or activities performed even 
among those with apparently similar occupations.

a.	 Infantry

The infantry represents another highly demanding occupation with significant 
stresses on the lower back as a result of both combat and training-related activities. 
Infantrymen have been shown in prior studies to have among the highest rates of 
musculoskeletal injury among the military. As such, it would be expected that this 
group would have high rates of injury and spinal disorders. However, in a military-
wide study, Ernat et  al. reported infantrymen to have 31 % lower rates of lower 
back pain compared to matched controls. This difference was even more profound 
among infantrymen in the Marine Corps with a 41 % decreased rate compared to 
matched non-infantry Marines. Similar findings have been demonstrated in other 
studies looking at different populations. Hou et al. reported on the low back pain 
rates among Chinese basic trainees and found those in the infantry to have the lowest 
rates of low back pain. The difference was significant with a 26 % overall incidence, 
however the rate among the infantry was only 11 % [13]. MacGregor et  al. also 
demonstrated a significantly lower rate of low back pain in the infantry compared 
to other occupational groups in a post-deployment sample of the US Marines [15].
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b.	 Artillery

Another occupation with significant burden of lumbar injury is artillerymen. 
Occupational requirements as an artillerymen include digging fighting positions 
and repetitive bending and lifting of artillery shells with weights often exceeding 
70 lbs. Reynolds et al. evaluated the incidence of lower back injuries in artillery-
men over a 1-year period. In this period, they reported an incidence of 30 %, which 
resulted in an average 4.5 limited duty days per soldier [16].

c.	 Aviators

Military aviators are a group with high demands placed on the spinal column. These 
individuals are involved in a physically demanding in poor ergonomic environ-
ments. As such, they have high rates of spinal pain and injury, particularly among 
helicopter pilots. Operation of rotary aircraft is particularly strenuous on the spi-
nal column due primarily to the poor posture and awkward position required in 
to operate these aircraft. This includes a forward flexed posture, which induces 
increased thoracic kyphosis and lumbar hypolordosis. The pilots must then main-
tain compensatory cervical hyperextension to maintain visualization of the controls 
and the external environment. In addition, operating aircraft controls often requires 
frequent trunk rotation and lateral bending and maintenance of pelvic retroversion 
with notable differences between specific aircrafts [17] (Fig. 12.1).

Operating aircraft controls often requires frequent trunk rotation and lateral 
bending and maintenance of pelvic retroversion with notable differences between 
specific aircrafts (Fig 12.1).

In addition to ergonomic factors, these individuals are subjected to long periods 
of exposure to whole body vibration (WBV). WBV has been implicated as a po-
tential contributing factor in the development of back pain in multiple studies 
[18–20], in particular when combined with awkward posture [21]. Vibratory fre-
quency of rotary aircraft resembles the spinal resonant frequency [22, 23], which 
theoretically increases its potential harm. Despite this exposure, the role of WBV 
in the pathogenesis of back pain in this population is unclear as it is difficult to 
isolate WBV exposure from the exposure of flight or other aircraft-related factors. 

Fig. 12.1   Seated position of 
pilot during flight
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Shanahan et al. performed a study utilizing a helicopter cockpit with and without 
vibration exposure. They found no difference in back pain rates or intensity after 
prolonged flying with or without vibration exposure in this simulation [24].

When considering the above factors, it is not surprising that this population ex-
periences an extremely high rate of lower back pain with rates ranging from 50 
to 92 % [23, 25, 26]. Back pain is also associated with significant disability and 
compromised mission readiness. Among pilots with back pain, approximately ½ re-
ported interference with concentration [26] and compromised performance second-
ary to their pain [27]. Additionally, between 16 and 28 % of pilots admit to rushing 
flights because of back pain [23, 26].

The pain associated with this occupation is generally felt to be directly related 
to the operation of the aircraft itself. Back pain typically begins during flight and in 
the majority of cases resolves within hours after flight is completed. Pain is more 
common during operations that require flying that is more dependent on manual 
control including precision and instrument flying. This is often more frequent in 
pilots greater than 71 in., which results in a more hunched-forward posture during 
aircraft operation. Orsello et al. demonstrated a 9 % increase in incidence for every 
1-in. increase in height [28].

While fixed-wing pilots also experience high rates of back pain and injury, they 
have been shown to have much lower rates compared to rotary-wing aircrew with 
a 50 % lower rate reported in the Norwegian military [27]. Fighter pilots have been 
shown to have high rates of thoracic spine pain, with rates among the highest in the 
military [29].

Fixed-wing pilots are also subjected to prolonged periods of sitting in a poor 
ergonomic environment. Military aircraft seats are typically angled in a forward-
flexed position, which places the spine in a poor position during flight. In addition, 
these individuals are subjected to WBV and often experience high G-forces which 
may also play a significant role in spinal pain or injury. While the majority of re-
search has focused on the cervical spine in these individuals, there are significant 
consequences on the thoracic and lumbar spine in this population.

An additional risk, which fixed-wing aircrew are uniquely exposed to is aircraft 
ejection. Ejection from an aircraft subjects the spine to incredibly high forces with 
injury rates up to 69 % [30] and vertebral fracture rates between 26.2 and 35.2 % 
[31]. The location of injury during ejection is characteristically the thoracolum-
bar junction [32] with fractures occurring primarily at T12 and L1. Such fractures 
typically arise from a combination of axial load and forward flexion, which occurs 
during the ejection process [33]. This typically results in a compression-type injury, 
however more severe spinal fractures can occur.

It should be noticed that while the majority of research focuses on the pilots of 
the aircraft, the entire aircrew are at risk of back pain and injury. Flight crew, in par-
ticular the flight engineers, also encounter frequent awkward positions, which have 
the potential to result in back pain or injury [23, 34]. In addition, Simon-Arndt et al. 
demonstrated the flight engineers to have rates of diagnosed back problems higher 
than the pilots of the same aircraft [35].
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d.	 Drivers

Similar to aviators, drivers have also been implicated to be at increased risk of 
lower back disorders. Occupational driving has been implicated in development of 
low back pain in multiple studies in civilian populations with anywhere from 15 to 
300 % increase in incidence compared to nondrivers [36–38]. Despite a high rate 
in such occupations, studies are limited by the diverse nature of different driving 
occupations including different vehicles and driving duration. Also, occupational 
drivers frequently perform tasks in addition to driving such heavy lifting or load-
ing of vehicles, which would also place the back at increased risk of injury. Mili-
tary vehicles, in particular, play a potential role with prolonged exposure. Such 
vehicles often have poor ergonomic design with significant WBV exposure [39]. 
Despite this, few studies have evaluated the role of occupational driving in the 
military.

Rozali et al. demonstrated a 73 % 12-month prevalence of low back pain among 
Malaysian armored vehicle drivers, with rates reaching nearly 82 % in drivers of 
tracked vehicles [39]. This study also demonstrated low back pain to be correlated 
with driving in a forward-flexed posture as well as WBV exposure in the x-axis. 
Knox et al. performed a US military-wide study to compare low back pain inci-
dence rates between service members employed as drivers compared to matched 
controls. This study revealed a 15 % increased risk of new onset low back pain 
among occupational drivers compared to controls, however they identified a much 
higher risk effect in female drivers who experienced a 45 % increased risk compared 
to females in nondriving occupations [40].

e.	 Parachuting

Soldiers involved in military parachuting activities are another group worth spe-
cial mention. Such activities subject the spinal column to significant and place 
these individuals at increased risk of spinal injury. Spine injuries represent the 
second most common type of injury after parachute jumps, and comprise 15 % of 
acute injuries after both training and combat jumps [41]. Injuries primarily occur 
during landing and are related to axial load force, which often results after a hard 
landing on the buttocks. Traumatic vertebral fractures from such landings are typi-
cally compression fractures and occur primarily about the thoracolumbar junction 
[42]. In addition, the spine is subjected to deceleration forces during parachute 
opening.

In addition to acute traumatic events, persons engaged in repetitive parachut-
ing activities are at relatively high risk of chronic thoracic or lumbar conditions. 
Murray-Leslie et al. reported on the rate of lumbar spine symptomatology as well 
as radiographic degeneration in ex-military parachutists. Fifty six percent of these 
individuals reported either current or prior lower back pain with nearly 24 % having 
lost work time due to back pain. Additionally, 84.8 % had radiographic degeneration 
of the lumbar spine and 21.7 % had evidence of prior vertebral fractures. Interest-
ingly, 80 % of individuals with prior spine fracture were unaware of the presence of 
such an injury at the time of the study [42].
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Military Factors

a.	 Branch of service

Due to differences in occupational demands as well as training regimens, differ-
ences in spine injury and disability is expected between the branches of service. 
Few studies have evaluated these differences as the majority of research focuses 
on particular groups of individuals and few have military-wide study samples. One 
study that evaluated a military-wide sample demonstrated significant differences 
in low back pain rates. In this study, the Army carried the highest incidence with a 
greater than twofold increased risk compared to the Navy and Marine Corps. The 
Navy and Marine Corps demonstrated the lowest rates with minimal differences 
between the two services, whereas the Air Force had an intermediate risk with ap-
proximately 50 % greater risk than the Navy [6].

b.	 Rank

Rank is an important consideration in back injuries and has significant implications 
in the incidence of back disorders in military populations. The primary reason this 
is a consideration is that as individuals advance in rank, they often acquire more 
supervisory roles with potentially less rigorous activities required on a regular basis. 
Additionally, more senior service members often have the capability of self-modi-
fying their training environment. This allows them to stop or decrease certain activi-
ties that are creating discomfort, whereas the more junior ranking individuals may 
be required to continue these activities despite the beginnings of a significant injury.

An important factor to be considered is level of education amongst these indi-
viduals. Lower level of education is a contributing factor in rates of low back pain. 
Individuals with an education level of bachelor’s degree or higher experience have 
lower rates of back pain compared to those with lower levels of education [43]. As 
higher rank is associated with higher levels of education, this plays a potential role 
in the different incidence rates between ranks.

This difference in incidence between different ranks has been shown in multiple 
studies. In a military-wide sample, Knox et al. demonstrated significantly increased 
rates of low back pain in the more junior-ranking service members. This was con-
sistent across all age groups with the highest rates in junior enlisted (E1–E4) and the 
lowest rate in senior officers (O4–O9) with a nearly twofold difference in incidence 
between these groups. MacGregor et al. also showed lower ranking Marines to have 
significantly higher rates of back pain after deployment to Afghanistan [15].

c.	 Basic training

The basic training environment represents a period of significant stress to the spinal 
column. Recruits are subjected to rigorous daily physical training including pro-
longed running, grenade throwing, marching, often with heavy combat load. In ad-
dition, recruits/conscripts are often physically deconditioned and many had led pri-
marily sedentary lifestyles prior to this period. Wang et al. demonstrated that only 
10 % of the Chinese conscripts were engaged in regular physical activity or heavy 
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labor prior to entry into basic training [13]. As such, many such individuals lack the 
physical conditioning and core strength necessary to protect the spine from injury.

Because of these numerous factors, the lumbar spine represents a very common 
site of injury in the basic training environment [44, 45] armies. Glomsaker et al. re-
ported that low back pain represented 18.6 % of all injuries in their population with 
an incidence of 23.9 per 1000 conscript months. Additionally, 0.7 % of trainees sus-
tained disc herniation with a rate of 0.9 per 1000 conscript months [44]. Taanila et al. 
evaluated a group of Finnish conscripts over a 6-month period of training. During this 
period, 16 % developed low back pain with an incidence rate of 1.2 per 1000 person 
days of training [46]. Similar rates have been shown in other studies as well [47–50].

Despite its frequency, the majority of back pain among basic trainees is self-
limiting and 65 % of cases will resolve by the end of the basic training period [47]. 
George et al. also showed that rates of low back pain with demonstrate a gradual 
decrease with increasing time in military service. The highest rates were seen in sol-
diers with less than 5 months of service, who reported back pain rates of over 55 %, 
however this rate dropped to only 19.1 % after 1 year [51]. This is likely reflective 
of the strenuous physical training that is encountered during basic training and the 
physical adaptations that occur.

Thoracic back pain is much less common, representing only 2.1 % of injuries in 
conscripts with an incidence of only 2.7 per 1000 conscript months [44].

d.	 Deployment

Deployment also is a period that represents a period at high risk of developing or 
exacerbating lower back pain or injury. The back is the most common site of injury 
during deployments, representing 17.4 % of musculoskeletal injuries in a series of 
593 soldiers deployed to Afghanistan [52]. Lower back pain was experienced by as 
many as 77 % of soldiers deployed to Afghanistan and 22 % reported pain rated as 
moderate or higher [53]. Spine pain/injuries are also a common cause for evacu-
ation representing 7.2 % of evacuations from Operation Iraqi Freedom (OIF) and 
Operation Enduring Freedom (OEF).

Service members in the deployed environment are subjected to long periods of 
wearing body armor and combat gear, have increased duration and intensity of work, 
and are subjected to significant psychosocial stressors. Mydlarz showed that 68 % of 
individuals with preexisting degenerative disc disorders experienced an exacerba-
tion during deployment [4]. Deployment-related exacerbations were more common 
in the Army compared to other services, particularly those in the armor/motor trans-
port occupational group where the risk of exacerbation approached 100 %. Males 
and service members in the youngest (17–19 years) and the oldest (>  40 year) age 
groups were also more affected. Patients with preexisting disorders are also at nearly 
twice the risk of all-cause evacuation from theater (Odds Ratio (OR) 1.98), however 
less than 2 % of these individuals were evacuated for lower back conditions [4].

Roy et  al. evaluated the variables associated with increased rate of low back 
pain in deployed service members and reported body armor wear, lifting activities, 
walking patrols, and heavy equipment weight to be statistically significant variables 
associated with increased risk [53]. The most common activities resulting in spine 
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injury resulting in evacuation has been reported to be lifting (15 %), falls (11 %), 
and driving (8 %) [54]. Work shifts have been implicated in this as well. Nevin et al. 
demonstrated that helicopter pilots with increased work hours during deployment 
have significantly higher increases in rates of lower and mid back pain compared to 
those who maintained the same schedules.

Another significant factor is the load carried by service members. Military forces 
have seen a dramatic increase in the combat loads with modern combat loads in-
cluding up to 68  kg of gear depending on the individual’s combat role and the 
mission being performed. Roy et al. demonstrated an average carrying load during 
deployment of 16.1 % of body weight for females (maximum 32.8 %) and 26.4 % 
for males (maximum 46.5 %) [52].

Carrying such loads has been shown to have numerous deleterious effects on 
the spine. Rodriguez-Soto et al. used upright MRI to evaluate kinematic changes in 
active duty Marines wearing such loads. Their study demonstrated a loss of lumbar 
lordosis at L4–5 and L5–S1 with an associated loss of anterior intervertebral disc 
height. More superior levels, however showed an increased lordosis [55]. Roy et al. 
[53] demonstrated significantly increased rates of low back pain with increased du-
ration of body armor wear in deployed soldiers. In this study, wearing body armor 
greater than 6 h per day was associated with greater than fivefold rate of low back 
pain compared to those who did not wear body armor [53]. Also, increased equip-
ment weight directly increased the incidence of back pain in this cohort with a linear 
increase in risk with higher weights [53]. Additionally, between 29 [56] and 41 % 
[53] of soldiers who develop back pain during deployment attribute their pain to 
wearing combat gear [56].

Service members are also subjected to increased psychosocial stressors, which 
has been shown to be important in the development of lower back pain and conver-
sion to chronic or recurrent pain. Shaw et al. demonstrated that coexisting anxiety 
disorders, PTSD, or depression significantly increases the risk of acute low back 
pain becoming chronic.

Due to dramatic differences in job-related activities, significant differences in 
injury rates are expected between occupations. MacGregor et al. reported on the 
rates of post-deployment lower back pain in active duty Marines. They reported the 
highest rates in the service/supply occupational group (OR 1.3) with Marines in-
volved in construction-related occupations demonstrating the highest rates (8.6 %). 
In contrast, Marine infantrymen had one of the lowest rates of lower back pain 
(3.3 %) [15].

Midback pain represents a much less common entity experienced during deploy-
ment. While low back pain represents 75.6 % of spine area pain, mid back pain 
represented only 3.3 % in a recent study by Carragee et al. [57].

e.	 Reserves

Another population that deserves special mention is that of the reservist. While ac-
tive duty service members are involved in regular physical conditioning and prepa-
ration for their role in their military occupation, reserve service members often lead 
relatively sedentary lifestyles with significantly different occupations than those 
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performed during their active duty obligation. As such, it could be presumed that 
these individuals may be at increased risk of injury or development of overuse in-
juries. Warr et al. reported that back injuries represented 17 % of musculoskeletal 
injuries in deployed National Guardsmen [58]. Additionally, low back pain rates in 
deployed National Guardsmen (NG) was lower than active duty service members 
with those in active duty experiencing a 1.45-fold increased risk vs. NG. Similarly, 
George et  al. revealed an increased rate of low back pain in active duty service 
members compared to reservists with a similar effect size (OR 1.441) [51].

Individual Factors

a.	 Gender

Gender has been implicated as a factor associated with higher rates of lower back 
pain in both civilian [59–64] and military service members [6, 8, 11, 15, 51, 65, 
66]. Knox et al. revealed an odds ratio for females to males of low back pain result-
ing in a visit to a health-care provider of 1.45 compared to matched controls [6]. 
Strowbridge et al. revealed a much higher effect with female soldiers experiencing 
between 2.71 and 4.97-fold risk compared to males [8, 65]. They also reported that 
female soldiers more frequently attributed their low back pain to military activities, 
work, and off-duty activities compared to their male counterparts [8]. Gemmell 
demonstrated the incidence among female recruits to be significantly correlated 
to the training regimen. In their series, female recruits engaged in “gender fair” 
training with separate standards for men and women sustained 4.8-fold rate of back-
related medical discharges during basic training compared to male recruits. After 
implementation of uniform training across genders, this rate increased to a 9.7-fold 
[67]. In addition to increased incidence rates, George et al. demonstrated a shorter 
duration to onset of low back pain in female service members [51].

b.	 Age

Increased age has been associated with increased prevalence of low back pain in 
numerous studies in civilian populations [60, 61, 63, 68]. This is due to both in-
creased cumulative exposure to potentially injurious activities as well as age-related 
degenerative changes. Studies in the military setting have also shown age-related 
differences in back pain rates. An important consideration in the military setting is 
potential confounding between age and rank. As age and rank are often linked, it is 
important for studies to control for this to isolate the effects of age.

The age-related differences in low back pain incidence was evaluated by Knox 
et al., who demonstrated a bimodal distribution of back pain in this population with 
the highest rates in those over 40 years old as well as those less than 206. This was 
shown after adjusting for other potential confounders including gender, branch of 
service, and rank. MacGregor et  al. also reported higher rates of low back pain 
among Marines over 25 years old compared to those younger than this age in a 
post-deployment sample [15].



22112  Thoracic and Lumbar Spine Injuries

c.	 Race

Race is another important consideration in the epidemiology of back pain and back 
injury. Multiple studies on civilian populations have demonstrated significant differ-
ences in prevalence rates between racial groups. Knox et al. reviewed and evaluated 
the incidence of low back pain resulting in a visit to a health-care provider between 
different racial groups of active duty service members [69]. In their series, the lowest 
incidence was seen in Asian/Pacific Islanders win an incidence rate of 30.7 per 1000 
person-years. Conversely, African-Americans had the highest rate of 43.7. These ra-
cial differences were present across all age groups and genders, however they showed 
that the effects of age and race were variable between racial groups.

d.	 Fitness

Personal fitness is an important consideration in the risk of back injury and sub-
sequent disability/loss of productivity. This is evident from multiple studies that 
demonstrate the protective effect of core strengthening against lumbar injury and 
low back pain. While the military represents a population with a higher overall 
physical fitness, variation in fitness level has been implicated in differences in low 
back pain rates.

Morken et al. demonstrated low levels of physical activity to be associated with in-
creased risk of thoracic and lumbar spine injuries among Norwegian sailors [9]. More 
specifically, Taanila demonstrated a higher rate of acute low back pain in conscripts 
with lower push-up and sit-up scores on physical fitness testing [46]. In a large study 
of American soldiers, George et al. found no difference in low back pain rates de-
pending on physical fitness test scores or routine exercise. What this study did show 
was higher pain intensity and more psychological distress among soldiers with lower 
physical fitness testing scores [51]. Warr et al. also demonstrated a significant cor-
relation between cardiorespiratory fitness (measured by peak oxygen uptake (VO2 
peak)) and the number of visits for back complaints in deployed National Guardsmen 
[58]. Similarly, Feuerstein et al. reported significantly increased risk of low back pain 
resulting in lost work time in soldiers who report only rare aerobic exercise [66].

e.	 BMI

Reynolds et al. identified elevated body weight (>  90 kg) to be a significant risk 
factor for lower back pain in active duty engineers and artillerymen resulting in a 
2.5x rate compared to those less than 90 kg [16]. In their study, however, BMI was 
not found to significantly correlate with back injury. Taanila demonstrated a higher 
rate of recurrent low back pain in conscripts with elevated BMI [46]. George et al. 
also reported increased incidence rates with elevated BMI with an increased risk of 
1.044 for each point of elevated BMI [51]. Soldiers with increased BMI also had 
shorter time to first onset of back pain [51].

f.	 Psychosocial

More recently the importance of psychosocial factors on the pathogenesis of lower 
back complaints has been emphasized. This remains true in studies within the mili-
tary and should not be overlooked in this population.
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An important consideration in military service members is the effects of psy-
chiatric comorbidities. Concurrent psychiatric illness in evacuees from OIF/OEF 
results in a 31–56 % decreased likelihood of return to duty [54, 70]. Among Gulf 
War veterans with posttraumatic stress disorder (PTSD), over 95 % had continued 
musculoskeletal complaints [71]. Concomitant anxiety, depression, PTSD resulted 
in increased risk of transitioning to chronic low back pain [72].

Workplace-related factors are also important considerations in low back pain 
and the associated disability. Such important factors including lack of supervisor 
support, perceived effort at work, peer cohesion, and job stress [2, 66, 73]. Job 
satisfaction is correlated with a decrease in back pain. The availability of social 
support is also a significant predictor of disability from back pain with those report-
ing a complete lack of people to turn to reporting over fivefold rate of back-related 
disability [73].

Another contributing factor, which has been shown to be significant among ci-
vilian populations is level of education. Taanila showed higher rates of acute low 
back pain amongst conscripts with lower levels of education [46]. George et  al. 
showed soldiers with lower education levels (high school or below) to have higher 
pain intensity, although they did not show significant differences in back pain rates 
in their series [51].

Combat-Related Spine Trauma

While spine trauma represents a relatively uncommon injury sustained during com-
bat, such injuries have become more common in modern combat engagements. In 
combat engagements up through the first Persian Gulf War, spine trauma repre-
sented only about 1 % of injuries with the exception of the invasion of Panama 
[74, 75]. During the invasion of Panama, this figure reached 6 %, which is felt to 
be related to the use of nighttime parachute operations [76]. During more recent 
engagements, injury rates reached 5.4 % in the Global War on Terror [77] and as 
high as 8 % reported from Afghanistan [78]. While the figures quoted in these stud-
ies do not include those killed in action, the true incidence is likely much higher. 
This was shown recently by Schoenfeld et al., who demonstrated that 38.5 % of 
soldiers killed in action had at least one spinal injury [79]. The dramatic increase in 
incidence of spinal trauma is likely related to both increased survival of combat in-
juries attributed to increased use of vehicular and body armor as well as advances in 
military medical care and the changing nature of combat and tactics used in Iraq and 
Afghanistan. Current conflicts have seen a dramatic rise in the use of improvised 
explosive devices and roadside bombs resulting in a dramatic increase in exposure 
to blunt force trauma and blast injuries.

Of patients with combat-related spine trauma, the majority of injuries are caused 
by blunt force trauma. The most common mechanism of injury is explosive trauma, 
which is responsible for between 43 [77, 80] and 83 % [81] of injuries. Addition-
al common causes of injury include motor vehicle collisions (29 %) and gunshot 
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wounds (15 %) [82]. Possley [80] reported that as many as 17 % of spinal trauma 
was sustained during non-combat activities.

The lumbar spine is among the most common sites of injury, involving between 
41 [77] and 45 % [81] of spinal injuries. Thoracic spine injuries are less common, 
however the rates vary between studies. Thoracic spine injuries represent between 
6 [81] and 30 % [80] of combat spine injuries.

Blair et al. reported that of 2101 spinal injuries in 598 service members identified 
in the Joint Theater Trauma Registry, the vast majority of injuries were fractures 
(91.8 %). A wide spectrum of injury patterns is seen. The most common injury pat-
terns are transverse process fractures [77] and compression fractures [81]. Burst 
fractures represent another common type of injury, which represented 23 % of inju-
ries in one series [77].

While much less common, there are some specific injury patterns that are seen 
with disproportionate frequency in combat trauma. Such injuries include low lum-
bar burst fractures and lumbosacral dissociations [83]. While these are very rare 
injuries seen in the civilian population, these have been seen from more recent com-
bat engagements. One common scenario that creates such injuries is the Improvised 
Explosive Device (IED) blast beneath a tactical vehicle. The result is a superior-di-
rected blast force, which lifts the vehicle in the air. Upon landing, a significant axial 
force is directed to the spinal column. Additionally, service members are typically 
wearing rigid body armor and vehicular restraints, which provide relative stability 
to the thoracic and upper lumbar spine but leaves the lumbosacral junction rela-
tively unprotecte (Fig. 12.2).

AQ7

Fig. 12.2   Rigid body armor and vehicular restraints provide relative stability to the thoracic and 
upper lumbar spine but leaves the lumbosacral junction relatively unprotected
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Overall, combat-related spine trauma represents high-energy injuries with high 
rates of concomitant injuries. Such concomitant injuries include open extremity 
fractures, traumatic amputations, as well as significant blunt or penetrating thoracic 
and abdominal trauma. This provides further challenges in managing these already 
challenging injuries. These injuries complicate both the surgical approach and also 
the rehabilitation. An area of particular interest specific to these injuries is the soft 
tissue envelope. Due to the high rate of blast injury, soft tissue injuries are com-
mon; including closed degloving injuries and contaminated complex open wounds. 
Attention to the soft tissue envelope is crucial in planning the approach and tim-
ing of surgical intervention as well as the need for external orthoses. Due to these 
complicating factors, combat-related spine trauma is associated with a significant 
complication rate. Possley et al. reported a 15 % complication rate, with a 9 % major 
complication rate in his series [82].

References

  1.	 Feuerstein M, Berkowitz SM, Peck CA Jr. Musculoskeletal-related disability in US Army 
personnel: prevalence, gender, and military occupational specialties. J Occup Environ Med 
(American college of occupational and environmental medicine). 1997;39(1):68–78.

  2.	 Lincoln AE, Smith GS, Amoroso PJ, Bell NS. The natural history and risk factors of 
musculoskeletal conditions resulting in disability among US Army personnel. Work. 
2002;18(2):99–113.

  3.	 Ambulatory visits among members of the active component, U.S. Armed Forces. MSMR. 
2012 (Apr 2013);20(4):18–23; disussion 23.

  4.	 Mydlarz D. Degenerative disc disease, active component, U.S. armed forces, 2001–2011. 
MSMR. 2012;19(5):6–9.

  5.	 Hauret KG, Jones BH, Bullock SH, Canham-Chervak M, Canada S. Musculoskeletal injuries 
description of an under-recognized injury problem among military personnel. Am J Prev 
Med. 2010;38(1 Suppl):S61–S70.

  6.	 Knox J, Orchowski J, Scher DL, Owens BD, Burks R, Belmont PJ. The incidence of low 
back pain in active duty United States military service members. Spine (Phila Pa 1976). 
2011;36(18):1492–1500.

  7.	 Childs JD, Wu SS, Teyhen DS, Robinson ME, George SZ. Prevention of low back pain in 
the military cluster randomized trial: effects of brief psychosocial education on total and low 
back pain-related health care costs. Spine J. 2013;14:571–83.

  8.	 Strowbridge N. Gender differences in the cause of low back pain in British soldiers. J R Army 
Med Corps. 2005;151(2):69–72.

  9.	 Morken T, Mageroy N, Moen BE. Physical activity is associated with a low prevalence of 
musculoskeletal disorders in the Royal Norwegian Navy: a cross sectional study. BMC Mus-
culoskelet Disord. 2007;8:56.

10.	 Hamalainen O. Thoracolumbar pain among fighter pilots. Mil Med. 1999;164(8):595–6.
11.	 Gruhn J, Leggat P, Muller R. Injuries presenting to Army physiotherapy in North Queensland, 

Australia. Mil Med. 1999;164(2):145–52.
12.	 Carragee EJ, Cohen SP. Lifetime asymptomatic for back pain: the validity of self-report 

measures in soldiers. Spine (Phila Pa 1976). 2009;34(9):978–83.
13.	 Hou ZH, Shi JG, Ye H, et al. Prevalence of low back pain among soldiers at an Army base. 

Chin Med J. 2013;126(4):679–82.
14.	 Kemp PA, Burnham BR, Copley GB, Shim MJ. Injuries to air force personnel associated with 

lifting, handling, and carrying objects. Am J Prev Med. 2010;38(1 Suppl):S148–55.



22512  Thoracic and Lumbar Spine Injuries

15.	 MacGregor AJ, Dougherty AL, Mayo JA, Rauh MJ, Galarneau MR. Occupational cor-
relates of low back pain among U.S. Marines following combat deployment. Mil Med. 
2012;177(7):845–9.

16.	 Reynolds K, Cosio-Lima L, Creedon J, Gregg R, Zigmont T. Injury occurrence and risk fac-
tors in construction engineers and combat artillery soldiers. Mil Med. 2002;167(12):971–7.

17.	 Pelham TW, White H, Holt LE, Lee SW. The etiology of low back pain in military helicopter 
aviators: prevention and treatment. Work. 2005;24(2):101–10.

18.	 Lings S, Leboeuf-Yde C. Whole-body vibration and low back pain: a systematic, criti-
cal review of the epidemiological literature 1992–1999. Int Arch Occup Environ Health. 
2000;73(5):290–7.

19.	 Pope MH, Wilder DG, Magnusson ML. A review of studies on seated whole body vibration 
and low back pain. Proc Inst Mech Eng [H]. 1999;213(6):435–46.

20.	 Kasin JI, Mansfield N, Wagstaff A. Whole body vibration in helicopters: risk assessment in 
relation to low back pain. Aviat Space Environ Med. 2011;82(8):790–6.

21.	 Lis AM, Black KM, Korn H, Nordin M. Association between sitting and occupational LBP. 
Eur Spine J. 2007;16(2):283–98.

22.	 de Oliveira CG, Nadal J. Back muscle EMG of helicopter pilots in flight: effects of fatigue, 
vibration, and posture. Aviat Space Environ Med. 2004;75(4):317–22.

23.	 Gaydos SJ. Low back pain: considerations for rotary-wing aircrew. Aviat Space Environ 
Med. 2012;83(9):879–89.

24.	 Shanahan DF, Reading TE. Helicopter pilot back pain: a preliminary study. Aviat Space En-
viron Med. 1984;55(2):117–21.

25.	 Cunningham LK, Docherty S, Tyler AW. Prevalence of low back pain (LBP) in rotary wing 
aviation pilots. Aviat Space Environ Med. 2010;81(8):774–8.

26.	 Thomae MK, Porteous JE, Brock JR, Allen GD, Heller RF. Back pain in Australian military 
helicopter pilots: a preliminary study. Aviat Space Environ Med. 1998;69(5):468–73.

27.	 Hansen OB, Wagstaff AS. Low back pain in Norwegian helicopter aircrew. Aviat Space En-
viron Med. 2001;72(3):161–4.

28.	 Orsello CA, Phillips AS, Rice GM. Height and in-flight low back pain association among 
military helicopter pilots. Aviat Space Environ Med. 2013;84(1):32–7.

29.	 Briggs AM, Smith AJ, Straker LM, Bragge P. Thoracic spine pain in the general population: 
prevalence, incidence and associated factors in children, adolescents and adults. A systematic 
review. BMC Musculoskelet Disord. 2009;10:77.

30.	 Rotondo G. Spinal injury after ejection in jet pilots: mechanism, diagnosis, followup, and 
prevention. Aviat Space Environ Med. 1975;46(6):842–8.

31.	 Taneja N. Spinal disabilities in military and civil aviators. Spine (Phila Pa 1976). 
2008;33(25):2749–53.

32.	 Lewis ME. Spinal injuries caused by the acceleration of ejection. J R Army Med Corps. 
2002;148(1):22–6.

33.	 Hamalainen O, Visuri T, Kuronen P, Vanharanta H. Cervical disk bulges in fighter pilots. 
Aviat Space Environ Med. 1994;65(2):144–6.

34.	 Grant KA. Ergonomic assessment of a helicopter crew seat: the HH-60G flight engineer posi-
tion. Aviat Space Environ Med. 2002;73(9):913–8.

35.	 Simon-Arndt CM, Yuan H, Hourani LL. Aircraft type and diagnosed back disorders in U.S. 
Navy pilots and aircrew. Aviat Space Environ Med. 1997;68(11):1012–8.

36.	 Magnusson ML, Pope MH, Wilder DG, Areskoug B. Are occupational drivers at an increased 
risk for developing musculoskeletal disorders? Spine (Phila Pa 1976). 1996;21(6):710–7.

37.	 Waters T, Genaidy A, Barriera Viruet H, Makola M. The impact of operating heavy equip-
ment vehicles on lower back disorders. Ergonomics. 2008;51(5):602–36.

38.	 Liira JP, Shannon HS, Chambers LW, Haines TA. Long-term back problems and physical 
work exposures in the 1990 Ontario health survey. Am J Public Health. 1996;86(3):382–7.

39.	 Rozali A, Rampal KG, Shamsul Bahri MT, et al. Low back pain and association with whole 
body vibration among military armoured vehicle drivers in Malaysia. Med J Malaysia. 
2009;64(3):197–204.



226 J. B. Knox and J. Orchowski

40.	 Knox JBOJ, Scher DL, Owens BD, Burks R, Belmont PJ. Occupational driving as a risk fac-
tor for low back pain in active duty military service members. Spine J. Publication Pending.

41.	 Bricknell MC, Craig SC. Military parachuting injuries: a literature review. Occup Med 
(Lond). 1999;49(1):17–26.

42.	 Murray-Leslie CF, Lintott DJ, Wright V. The spine in sport and veteran military parachutists. 
Ann Rheum Dis. 1977;36(4):332–42.

43.	 Deyo RAMS, Martin BI. Back pain prevalence and visit rates: estimates from U.S. national 
surveys. Spine. 2006;31(23):2724–7.

44.	 Heir T, Glomsaker P. Epidemiology of musculoskeletal injuries among Norwegian conscripts 
undergoing basic military training. Scand J Med Sci Sports. 1996;6(3):186–191.

45.	 Jones BH, Cowan DN, Tomlinson JP, Robinson JR, Polly DW, Frykman PN. Epidemiology 
of injuries associated with physical training among young men in the Army. Med Sci Sports 
Exerc. 1993;25(2):197–203.

46.	 Taanila HP, Suni JH, Pihlajamaki HK, et al. Predictors of low back pain in physically active 
conscripts with special emphasis on muscular fitness. Spine J. 2012;12(9):737–48.

47.	 Milgrom C, Finestone A, Lev B, Wiener M, Floman Y. Over exertional lumbar and thoracic 
back pain among recruits: a prospective study of risk factors and treatment regimens. J Spinal 
Disord. 1993;6(3):187–93.

48.	 O’Connor FG, Marlowe SS. Low back pain in military basic trainees. A pilot study. Spine 
(Phila Pa 1976). 1993;18(10):1351–4.

49.	 Linenger JM, West LA. Epidemiology of soft-tissue/musculoskeletal injury among U.S. Ma-
rine recruits undergoing basic training. Mil Med. 1992;157(9):491–3.

50.	 Milgrom C, Finestone A, Lubovsky O, Zin D, Lahad A. A controlled randomized study of the 
effect of training with orthoses on the incidence of weight bearing induced back pain among 
infantry recruits. Spine (Phila Pa 1976). 2005;30(3):272–5.

51.	 George SZ, Childs JD, Teyhen DS, et al. Predictors of occurrence and severity of first time low 
back pain episodes: findings from a military inception cohort. PloS One. 2012;7(2):e30597.

52.	 Roy TC, Knapik JJ, Ritland BM, Murphy N, Sharp MA. Risk factors for musculoskeletal in-
juries for soldiers deployed to Afghanistan. Aviat Space Environ Med. 2012;83(11):1060–6.

53.	 Roy TC, Lopez HP, Piva SR. Loads worn by soldiers predict episodes of low back pain dur-
ing deployment to Afghanistan. Spine (Phila Pa 1976). 2013;38:1310–7.

54.	 Cohen SP, Nguyen C, Kapoor SG, et al. Back pain during war: an analysis of factors affecting 
outcome. Arch Intern Med. 2009;169(20):1916–23.

55.	 Rodriguez-Soto AE, Jaworski R, Jensen A, et  al. Effect of load carriage on lumbar spine 
kinematics. Spine (Phila Pa 1976). 2013;38(13):E783–91.

56.	 Konitzer LN, Fargo MV, Brininger TL, Lim Reed M. Association between back, neck, and 
upper extremity musculoskeletal pain and the individual body armor. J Hand Ther Off J Am 
Soc Hand Ther. 2008;21(2):143–8; quiz 149.

57.	 Carragee EJ. Overview of axial skeleton injuries: burden of disease. J Am Acad Orthop Surg. 
2012;20(Suppl 1):S18–S22.

58.	 Warr BJ, Heumann KJ, Dodd DJ, Swan PD, Alvar BA. Injuries, changes in fitness, and medi-
cal demands in deployed National Guard soldiers. Mil Med. 2012;177(10):1136–42.

59.	 Clays EDBD, Leynen F, Kornitzer M, Kittel F, De Backer G. The impact of psychosocial fac-
tors on low back pain: longitudinal results from the Belstress study. Spine. 2007;32(2):262–8.

60.	 Gilgil EKC, Bütün B, Tuncer T, Urhan S, Yildirim C, Sünbüloglu G, Arikan V, Tekeoglu I, 
Oksüz MC, Dündar U. Prevalence of low back pain in a developing urban setting. Spine. 
2005;30(9):1093–8.

61.	 Bejia IYM, Jamila HB, Khalfallah T, Ben Salem K, Touzi M, Akrout M, Bergaoui N. 
Prevalence and factors associated to low back pain among hospital staff. Jt Bone Spine. 
2005;72(3):254–9.

62.	 Gourmelen JCJ, Ozguler A, Lanoe JL, Ravaud JF, Leclerc A. Frequency of low back pain 
among men and women aged 30 to 64 years in France. Results of two national surveys. Ann 
Readapt Med Phys. 2007;50(8):640–4.



22712  Thoracic and Lumbar Spine Injuries

63.	 Strine TWHJUS. National prevalence and correlates of low back and neck pain among adults. 
Arthritis Rheum. 2007;57(4):656–65.

64.	 Leboeuf-Yde CNJ, Kyvik K O, Fejer R, Hartvigsen J. Pain in the lumbar, thoracic or cervical 
regions: do age and gender matter? A population-based study of 34,902 Danish twins 20–71 
years of age. BMC Musculoskelet Disord. 2009;10:39.

65.	 Strowbridge NF. Musculoskeletal injuries in female soldiers: analysis of cause and type of 
injury. J R Army Med Corps. 2002;148(3):256–8.

66.	 Feuerstein M, Berkowitz SM, Haufler AJ, Lopez MS, Huang GD. Working with low back 
pain: workplace and individual psychosocial determinants of limited duty and lost time. Am 
J Ind Med. 2001;40(6):627–38.

67.	 Gemmell IM. Injuries among female Army recruits: a conflict of legislation. J R Soc Med. 
2002;95(1):23–7.

68.	 Hart LGDR, Charkin DC. Physician office visits of low back pain: frequency, clinical evalu-
ation, and treatment patterns from a US national survey. Spine. 1995;20:11–9.

69.	 Knox JB, Orchowski JR, Owens B. Racial differences in the incidence of acute low back pain 
in United States military service members. Spine (Phila Pa 1976). 2012;37(19):1688–92.

70.	 Cohen SP, Brown C, Kurihara C, Plunkett A, Nguyen C, Strassels SA. Diagnoses and factors 
associated with medical evacuation and return to duty for service members participating in 
operation Iraqi freedom or Operation Enduring Freedom: a prospective cohort study. The 
Lancet. 2010;375(9711):301–9.

71.	 Barrett DH, Doebbeling CC, Schwartz DA, et al. Posttraumatic stress disorder and self-re-
ported physical health status among U.S. military personnel serving during the Gulf War 
period: a population-based study. Psychosomatics. 2002;43(3):195–205.

72.	 Shaw WS, Means-Christensen AJ, Slater MA, et al. Psychiatric disorders and risk of transi-
tion to chronicity in men with first onset low back pain. Pain Med. 2010;11(9):1391–400.

73.	 Feuerstein M, Berkowitz SM, Huang GD. Predictors of occupational low back disability: 
implications for secondary prevention. J Occup Environ Med (American college of occupa-
tional and environmental medicine). 1999;41(12):1024–31.

74.	 Schoenfeld AJCPA. American combat spine surgery in the modern period (2001-present): a 
history and review of current literature. J Spinal Res Found. 2012;7(1):33–9.

75.	 Hardaway RM 3rd. Viet Nam wound analysis. J Trauma. 1978;18(9):635–43.
76.	 Parsons TW 3rd, Lauerman WC, Ethier DB, et al. Spine injuries in combat troops–Panama, 

1989. Mil Med. 1993;158(7):501–2.
77.	 Blair JA, Patzkowski JC, Schoenfeld AJ, et al. Spinal column injuries among Americans in 

the global war on terrorism. J Bone Joint Surg. Am Vol. 2012;94(18):e135(131–9).
78.	 Comstock S, Pannell D, Talbot M, Compton L, Withers N, Tien HC. Spinal injuries after im-

provised explosive device incidents: implications for tactical combat casualty care. J Trauma. 
2011;71(5 Suppl 1):S413–7.

79.	 Schoenfeld AJ, Newcomb RL, Pallis MP, et al. Characterization of spinal injuries sustained 
by American service members killed in Iraq and Afghanistan: a study of 2089 instances of 
spine trauma. J Trauma Acute Care Surg. 2013;74(4):1112–8.

80.	 Possley DR, Blair JA, Freedman BA, Schoenfeld AJ, Lehman RA, Hsu JR. The effect of 
vehicle protection on spine injuries in military conflict. Spine J. 2012;12(9):843–8.

81.	 Schoenfeld AJ, Goodman GP, Belmont PJ Jr. Characterization of combat-related spinal inju-
ries sustained by a US Army Brigade Combat Team during operation Iraqi freedom. Spine J. 
2012;12(9):771–6.

82.	 Possley DR, Blair JA, Schoenfeld AJ, Lehman RA, Hsu JR. Complications associated with 
military spine injuries. Spine J. 2012;12(9):756–61.

83.	 Helgeson MD, Lehman RA Jr, Cooper P, Frisch M, Andersen RC, Bellabarba C. Ret-
rospective review of lumbosacral dissociations in blast injuries. Spine (Phila Pa 1976). 
2011;36(7):E469–75.


	Part II
	The Epidemiology of Musculoskeletal Injuries by Anatomic Region
	Chapter-12
	Thoracic and Lumbar Spine Injuries
	Introduction
	Causes of Injury
	Occupational Risk Factors
	Military Factors
	Individual Factors
	Combat-Related Spine Trauma
	References







