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Three Cases of Spine Fractures after an Airplane Crash

Han Joo Lee, MD, Bong Ju Moon, MD, William A. Pennant, MSc, Dong Ah Shin, MD, PhD,
Keung Nyun Kim, MD, PhD, Do Heum Yoon, MD, PhD, and Yoon Ha, MD, PhD

Department of Neurosurgery, Yonsei University College of Medicine, Severance Hospital, Seoul, Korea

While injuries to the spine after an airplane crash are not rare, most crashes result in fatal injuries. As such, few studies exist
that reported on spine fractures sustained during airplane accidents. In this report, we demonstrate three cases of spine frac-
tures due to crash landing of a commercial airplane. Three passengers perished from injuries after the crash landing, yet
most of the passengers and crew on board survived, with injuries ranging from minor to severe. Through evaluating our
three spine fracture patients, it was determined that compression fracture of the spine was the primary injury related to the
airplane accident. The first patient was a 20-year-old female who sustained a T6—8 compression fracture without neurologic
deterioration. The second patient was a 33-year-old female with an L2 compression fracture, and the last patient was a
49-year-old male patient with a T8 compression fracture. All three patients were managed conservatively and required spinal
orthotics. During the crash, each of these patients were subjected to direct, downward high gravity z-axis (Gz) force, which
gave rise to load on the spine vertically, thereby causing compression fracture. Therefore, new safety methods should be de-

veloped to prevent excessive Gz force during airplane crash landings.

(Korean J Neurotrauma 2015;11(2):195-200)
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Introduction

The airplane is the preferred vessel for long distance
transportation. Compared to car crashes, such incidences
involving airplanes are relatively rare, yet airplane crashes
are tragic disasters associated with much higher rates of in-
jury and death.”

Few studies examine spinal injuries in the context of air-
plane accidents. To the degree these studies exist, most of
them are focused on cases of spinal injuries sustained dur-
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ing ejection from fighter jets, with most pilots experiencing
thoracolumbar injuries.”>*'” These case series demonstrat-
ed that the injury mechanism and type of spine injury dif-
fer from those associated with motor vehicle accidents. On
July 6, 2013, an Asiana Airlines flight from Seoul crashed
during landing at San Francisco Airport (Figure 1). After
initial conservative management, many of these patients
were transferred to our hospital from San Francisco. Three
of these patients had severe back pain immediately after
the crash. These patients underwent evaluation, whereupon
it was found that they had suffered compression fractures
of the spine. In this report, we discuss the characteristics of
the spine fractures and the mechanism of injury related with
the airplane crash.

Case Report
Case 1
History and examination
A 20-year-old woman sustained trauma during a plane

crash. Her height and body weight measured 173 cm and
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FIGURE 1. Wreckage of the airplane crash. The tail of the plane
hit the runway while landing.

63 kg. She was seated in the rear of the aircraft (Figure 2).
When the plane crashed, she was fastening her seatbelt, cra-
dled head on seat front and feeling a lot of downward force.
After the accident, she reported severe back pain without
any other symptoms. On physical examination at our hospi-
tal, severe back pain was elicited with direct tenderness of the
thoracic spine; a full neurological examination yielded nor-
mal findings without deficits.

Radiologic findings

The X-ray showed compression fractures of the anterior
upper portion of the T6 and T7 vertebral bodies (Figure 3A).
Computed tomography (CT) images also showed fractures
on the upper portion of the vertebral bodies and linear
oblique fracture line in sagittal (Figure 3B) and axial (Fig-
ure 3C) images, respectively. Magnetic resonance imaging
(MRI) was employed to look for evidence of spinal cord
injury. T1 gadolinium-enhanced sagittal MRI showed mul-
tiple compression fractures of the upper thoracic level (Fig-
ure 3D) and no damage to the spinal cord.

Treatment

Patient was put on two weeks of bed rest and given anal-
gesics for pain control. After two weeks, the patient’s pain
profile improved and she was discharged from the hospital
wearing a spinal orthotic.

Case 2

History and examination

A 33-year-old woman, measuring 170 cm tall and weigh-
ing 57 kg, was seated in the middle of the airplane (Figure 2).
When the plane crashed, she reported feeling her body
move in all directions with chest knee position, and after-
ward, an inflatable evacuation slide burst into the airplane
and hit her. She lost consciousness, and then woke up with
severe back pain. When she came to our hospital, she re-
ported severe back pain, with pain elicited upon direct pal-
pation of the lower back and left flank. Full neurological
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FIGURE 2. The seat plan of the airplane. The first patient was
seated in the rear of the aircraft. The second patient was seated
toward the front. The last patient was seated in the front of the air-
craft (from ASIANA airline home page http://www.flyasiana.com).

examination yielded no deficits.

Radiologic findings

X-ray of the lumbar spine revealed anterior wedge com-
pression fracture of the L2 vertebral body (Figure 4A), and
MRI revealed a wedge compression fracture involving the
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FIGURE 3. Two white arrows as shown in the thoracic spinal X-ray (A) implicated compression fractures on the anterior upper por-

tion of the T6 and T7 vertebral bodies. Sagittal computed tomography (CT) image (B) showed fractures on the upper portion of the
T6 to T8 vertebral bodies (white arrows), and axial CT image (C) revealed linear oblique fracture (arrow). T1 gadolinium enhanced
sagittal magnetic resonance image (D) showed high signal intensities with enhancement at the T6 to T8 vertebral bodies (arrows).

FIGURE 4. X-ray (A) showed an-
terior wedge compression frac-
ture of the L2 vertebral body. T1
gadolinium enhanced sagittal
magnetic resonance image (B)
showed enhancement at the L2
vertebral body and posterior
paraspinal muscle layers, re-
vealing a wedge compression
fracture of L2. Bone scan (C)
showed increased uptake at the
L2 vertebral body and the left
10th, 11th, and 12th ribs.

middle column of the same vertebral body with posterior col-
umn signal change due to posterior ligament complex injury
(Figure 4B). The wedge compression rate was approximately
thirty percent. Whole body bone scan (Figure 4C) showed up-
take at the L2 vertebral body and left 10th, 11th, and 12th ribs.

Treatment

A diagnosis of a stable L2 vertebral body fracture was
made, and we recommended conservative management con-
sisting of bed rest and spinal orthotic with regular follow up.

Case 3
History and examination

A 49-year-old man, standing at 170 cm tall and weighing
70 kg, was seated in the front of the airplane (Figure 2). The

patient reported severe back pain after the accident with
erected seated position, without other pain or any numb-
ness. A full neurological examination yielded no deficits,
and his back pain improved in a few days.

Radiologic findings

X-ray of the thoracic spine raised the suspicion of a com-
pression fracture (Figure 5A). Similarly, sagittal CT images
also pointed to a compression fracture of the T8 vertebral
body (Figure 5B). T1 sagittal MRI revealed a wedge com-
pression fracture of the anterior upper portion of the T8
vertebral body (Figure 5C).

Treatment
Patient was treated conservatively with two weeks of bed
rest. The patient improved during his hospital course and was
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TABLE 1. Previous reports for spine injuries after airplane crash

FIGURE 5. X-ray (A) of the tho-
racic spine, raising the suspicion
of a compression fracture of the
T8 vertebral body (white arrow).
Sagittal computed tomography
images (B) also hinted at a com-
pression fracture of the T8 ver-
tebral body (white arrow). T1 sag-
ittal magnetic resonance image
(C) showed low signal intensity at
the upper portion of the T8 verte-
bral body and revealed a wedge
compression fracture on the ante-
rior upper portion of the T8 verte-
bral body (white arrow).

Author Year of accident Location Deaths/passengers Spine injury (%)
Lilehei and Robinson? 1987 United States 28/82 32 (9/28*)
Friedman et al.” 1995 Israel 1/6 83
Winkelhagen et al.”” 2009 Netherlands 9/134 17
Mirzatolooei and Bazzazi” 2011 Iran 78/105 25.7

#autopsy results: in 1987, United States spine fracture cases were obtained only from autopsy results. The other percentages for

spine fracture were evaluated from survivors

discharged wearing a spinal orthotic.

Discussion

Crashes involving aircraft contribute greatly to injury and
death statistics in transportation disasters. In the main, very
few survive airplane accidents because high altitude crashes
almost always occur with high speed or an explosion.” In
the rare event where many do survive a plane crash, the ac-
cident usually happens during take-off or landing. During
these periods of the flight, the speed of the aircraft is slower
than at any other point, thus the potential for many to sur-
vive exists, provided there is no second catastrophic event.”*”

Spine fracture is an important and major injury of plane
crash survivors. In reported cases, most survivors have spi-
nal fracture, and spinal fractures are the second most com-
mon injury, following lower extremity fractures.
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In the case of a plane crash in Iran in 2011, seventy-eight
people were killed and twenty-seven people survived out of
105 passengers. Fifteen of the twenty-seven patients had
fractures to their spine (Table 1). The types of spinal frac-
ture included burst fracture (7 cases), compression fracture
(5 cases), and fracture dislocation (3 cases). The most common
level of injuries were the thoracolumbar junction (T10—L2,
13 cases) and mid thoracic level (2 cases).”

In the case of an aircraft catastrophe in the Netherlands, 9
patients were killed out of 134 passengers. A total of 297 in-
juries were registered, with most of the injuries sustained to
the head and face (81 cases), spine (31 cases), and extremities
(34 cases). Of these injuries, 17% were spinal fractures.”

In the case of a light airplane crash in Israel, one passenger
out of six perished, with all 5 survivors having spine fractures.
Those cases involved the thoracolumbar junction (3 cases),
L4-5 level (1 case), and T6—7 level (1 case).”



TABLE 2. Demographics and characteristics of injury

Han Joo Lee, et al.

No. Age Gender Height (cm) Body weight (kg) Level Other injury Treatment
1 20 F 173 63 T6,7.8 No Brace
2 33 F 170 57 L2 Rib fracture Brace
3 49 M 170 70 T8 No Brace

Besides compression fractures of the spine, two patients sustained no other injuries and second case had rib fractures. Involved
spinal levels included Té, 7, 8 and L2. All three patients received conservative treatment with spinal orthotics. F: female, M: male

FIGURE 6. Schematic painting of the vertical force and the force
of action and reaction. The two forces that loaded on the spine of
sitting passengers have different directions. GZ: gravity z-axis.

Ejection from the cockpit is another major cause of com-
pression fracture associated with aviation disasters."” Due to
the high velocity gravity z-axis (Gz) force during ejection,
the majority of these compression fractures involve the tho-
racolumbar junction. The thoracolumbar junction is a junc-
tion between thoracic kyphosis and lumbar lordosis, exhibit-
ing hypermobility and hyperflexion during ejection or crash.”

In our case series (Table 2), the second patient had an L.2
compression fracture, which included the thoracolumbar
junction, with posterior ligament complex injury. When
the patient was injured, she was first subjected to a down-
ward vertical force, followed by a strike to the body from a
rapidly expanding inflatable evacuation slide. Despite the
short interval between experiencing both forces as well as
the different direction of the force vectors (Figure 6), the pa-
tient suffered a compression fracture. This finding suggests
that the vertical Gz force was the primary traumatic vector.
The mechanism of injury for this patient exhibits similari-
ties to many other spine injury cases due to a plane crash,
where thoracolumbar compression fractures were domi-
nant.*"" It may also have chance to have chance fracture for
posterior ligament complex injury. Patient doesn’t have defi-

nite contusion at seat belt area, but most of airplane’s seat
has a bar lap-only belts, especially in passenger seats, it may
cause chance fracture.

The first and third cases in the present series were mid-
thoracic level compression fractures without associated inju-
ries. When these patients were injured, both reported feeling a
strong, fast downward force, which we interpret as a high ve-
locity vertical Gz force. And, as both patients only have com-
pression fracture of the spine, we therefore concluded that the
vertical Gz force was the major vector of the trauma. And we
are also informed that few more patients are treated for com-
pression fracture at other hospitals. Although automobile ac-
cidents have no the effect of Gz, airplane accidents can have
the effect of Gz.

Survivors subjected to excessive vertical forces during an
airplane crash are vulnerable to spine fracture. As such, sur-
vivors of aircraft disasters should undergo cautious and rigor-
ous evaluation of the spine. Moreover, the design of airplane
seats and seat belts should better incorporate protection from
the vertical Gz force, in addition to the other directional forces.

Conclusion

Here we report three cases of spine fracture due to a com-
mercial airplane accident in which 307 passengers were on
board. Each of the three patients suffered compression frac-
ture at the mid-thoracic and thoracolumbar junction. High
velocity Gz force was the causative vector in all three pa-
tients. Therefore, the role of Gz force on spine injuries should
be considered, and strategies to protect passengers from ex-
cessive Gz force during a plane crash should be developed.

m The authors have no financial conflicts of interest.
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