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Abstract

Purpose The purpose of this study was to investigate the type and severity of spinal injury in airborne sports, as well as
patients demographics in this unique set of athletes. Paragliding is one of the most popular airborne sports in Switzerland,
which thought to be no less dangerous with a high potential for spinal injury. Few studies on spinal column injuries have
been performed in these high-risk athletes with only inconsistent findings.

Methods Patient charts were analyzed for all airborne sports injuries affecting the spine from 2010 to 2017 at a level-1 trauma
center in Switzerland. To classify the injuries, we used the newest AOSpine classification, ASIA-grading and the injury
severity score (ISS). In total, 235 patients were admitted to the emergency department due to an airborne injury. A total of
148 patients (148/235, 63.0%) which were predominantly male (125/235, 84.5%) at a mean age of 39.4 years suffered 334
spinal fractures and 5 spinal contusions. The mean ISS was 17.3, and the L1 vertebra was most commonly affected (47.6%
of cases, 68/148).

Results A total of 78 patients (54.5% or 78/148) required spine surgery due to instability or neurological deficits (31/148
patients; 20.9%). Concomitant injuries were identified in 64.2% of cases (n=95).

Conclusion Due to the increasing popularity of airborne sports, age of patients and severity of injuries (ISS) increased com-
pared with the literature. The thoracolumbal spine is at especially high risk. To prevent further complications, the treatment
procedure has to be sought carefully and algorithm should be introduced in clinics to avoid delay in diagnostics and surgery.
Level of evidence III, retrospective comparative study.

Graphical abstract
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Key points Take Home Messages

1. Airborne sportis one of the most popular airborne sports in
Switzerland which has a high potential for spinal injury.

To our knowledge this study describes the largest cohort on airborne
sports related spine injuries which shows the clinical importance to
initiate a prompt treatment and therefore to prevent possible
complication.

©

. 148 patients (148/235, 63.0%) - predominantly male (125/235,
84.5%) - at a mean age of 39.4 years suffered 334 spinal fractures
and 5 spinal contusions with a mean 1SS was 17.3.
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Introduction

Spinal fractures in high-energy traumatic injuries are
common and contribute significantly to morbidity and
mortality [1, 2]. Overall, the mean age in patients with
spinal fractures in one report was 45.7 years with a male
predominance (65.5%) [3]. In younger patients, the most
common causes are accidental falls, (mean age 46.6 years,
58.9%), distinguishable between fall from low (<2 m) and
high heights (>2 m), followed by motor vehicle accidents
(mean age 40.1 years, 20.9%) and direct collisions/blunt
objects (mean age 39.4 years, 11.3%). In general, spinal
trauma in sport occurs only in 5.5% of these injuries and
generally in older patients (mean age 68.4 years in the
literature) [3].

The most common sports related to spine injuries are
winter sports (snowboarding, skiers), mountain biking and
contact sports (i.e., American football) [4, 5]. Spine inju-
ries can occur in other extreme sports such as airborne
sports (paragliding, speedflying, parachuting, delta flying
and BASE jumping), motocross, water sports and moun-
tain sports (climbing) [6, 7].

More recently, airborne sports have become more popu-
lar. Due to Switzerland’s landscape, airborne sports gained
high popularity with paragliding being the most common
extreme sport [8]. Only a few publications have examined
injuries in airborne sports, and even fewer have assessed
the severity and incidence of spine injuries in airborne
sports [9, 10].

The aim of our study was to investigate (1) the inci-
dence of spinal injuries due to airborne sports and the most
commonly affected locations in the spine, (2) the sever-
ity of spinal injuries in relation to the different airborne
sports, (3) the number of associated neurologic deficits,
(4) related concomitant injuries and the (5) pre-hospital
and emergency center care process.

Patients and methods

After receiving ethical consent, we retrospectively
included all patients 18 years or older suffering from
spinal injuries due to airborne sports who got admitted
to the local level-1 trauma center from February 2010
to June 2017. Patient-specific data were collected in the
emergency care database. All patients were admitted and
evaluated according to ATLS protocol. Radiologic analy-
ses were performed according to the expected injury pat-
terns and clinical status. Additionally, in those who were
admitted to the resuscitation room, an anteroposterior

LOw DOse X-ray (LODOX) was performed to exclude
pneumothorax or unstable pelvic injuries. Spinal injuries
were classified by a senior spine surgeon using the AO
spine classification including the modifiers which describe
the indeterminate injury to the tension band based on spi-
nal imaging [11-14]. Magnetic resonance imaging (MRI)
was not routinely performed.

The AO spine classification was developed to describe
the type of the vertebral body injury—minor, nonconstruc-
tural fractures, wedge compressions, split, incomplete or
complete burst fracture—before indicating the posterior
structure involvement and or rotational instability (B- or
C-type). The individual types indicate whether there is
translational deformity (C), hyperextension (B3), osteol-
igamentous disruption (B2), pure transosseous disruption
(B1), complete or incomplete burst (A4 or A3, respec-
tively), split or pincer fracture (A2), wedge or impaction
(A1) or no significant injury to the spine (A0). The neu-
rological deficit was classified using the American Spi-
nal Injury Association (ASIA) impairment scale from A
complete to E normal neurological status. Hereby, type A
presents a complete neurological impairment in the seg-
ments below the injury for sensory and motor function, B,
C and D an incomplete impairment with persevered sen-
sory, respectively, motor function with a muscle grade of
less than 3 or above 3 (D), and finally E with normal motor
and sensory function. To assess the neurological status in
an intubated patient, a wake-up trial was performed before
surgery, when possible. The severity of injury was classi-
fied according to the injury severity score (ISS) between
1 and 75, where 75 indicates unsurvivable [14]. The ISS
is calculated by the three most severe injuries, where 1
describes minimal injuries and 6 unsurvivable. It is added
up by square of each individual injury, and if any individ-
ual value was 6 the score is automatically to 75. Hereby,
the body regions are divided into head and neck, face,
chest, abdomen or pelvic content, extremities or pelvic gir-
dle and external injuries. For any pre-traumatic neurologi-
cal deficits, patients were asked as part of the anamnesis.
Concomitant injuries were categorized as head, thoracic,
abdominal, pelvic and extremity injuries.

If any spine surgery was indicated, we investigated the
type of stabilization performed—posterior percutaneous
versus open stabilization and/or decompression of the
spinal canal, with or without anterior spondylodesis or
stand-alone anterior spondylodesis. Additionally, the type
of admission—ambulance, self-admission or air rescue—
and location of the primary survey performed—resuscita-
tion room or normal emergency room—were noted.

All calculations and graphs were performed with the
Microsoft Excel spreadsheet and Origin Lab, using an
ANOVA T test for mean and standard deviation.
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Results

Between February 2010 and June 2017, 235 patients were
admitted to our emergency department due to airborne
injuries. A total of 148 patients (63.0%) suffered from spi-
nal injuries at a mean age of 39.4 + 12.3 years (range from
18 to 71). The cohort was predominately male (84.5% or
125/148). The mean ISS was 17.9 (£ 13.2); higher scores
were seen in BASE jumping, speedflying and parachut-
ing (significantly higher in comparison with paraglid-
ing, p <0.01), as shown in Table 1. A total of 77 (52.0%)
patients suffered from more than one vertebral body injury,
resulting in 334 vertebral body fractures in total, includ-
ing isolated sacral fractures and 5 contusions (three lum-
bal and two cervical). Overall, 339 spinal injuries were
identified.

Paragliding accounted for the most injuries, which
affected 128 patients, followed by BASE jumping, speed-
flying and two parachuting (one tandem) as indicated in
Table 1. Out of the 124 paragliding pilots, 7 performed
tandem flights. In our population, there were no injuries
correlated to delta flying or other air sports.

The most injured vertebral body was L1 (n=68/339;
20.1%), followed by L2 (n=47/339; 13.9%), T12
(n=35/339; 10.3) and L3 (n=30/339; 8.8%), as shown in
Fig. 1. Of the 334 vertebral fractures, 272 were classified
as type A fractures (n=272/334, 81.4%), followed by 46
type B fractures (n =46/334, 13.8%) and 6 type C frac-
tures (n=6/334, 1.8%) (see Table 2). The remaining 10
patients had fractures of their spinal facets. Six sacral inju-
ries without concomitant pelvic ring fracture (n=6/334,
1.8%) were observed. Two of them were isolated without
any other spinal injuries. In total, in 14 cases a traumatic
dural tear was identified and 24 patients (n =24/148) had
positive modifiers (M1 or M2). Twenty-three had an inde-
terminate injury to the tension band on spinal imaging,
and one had ankylosing spondylitis. All spinal fractures
including pelvic ring injury, such as vertical shear frac-
tures of the pelvis, were not included in this study.

In addition, to the general classification we looked at
the age as it related to the type of injury sustained. The

younger patients (under 30 years) suffered primarily from
thoracic and lumbar fractures, whereas the patients from
30 to 50 and above 60 years sustained more injuries in the
lumbar spine. Most cervical fractures occurred in patients
from 40 to 60 years of age (18/25, 72%). In terms of ISS, a
peak was identified in the patients between 50 and 60 years
with a mean ISS of 27.6 (Table 3).

A neurologic deficit was present in 20.9% (31/148
patients) of all patients. According to ASTA guidelines,
the distribution of neurologic deficits was as follows: eight
patients had a type A deficit, three type B, 7 type C (includ-
ing cauda equina syndrome) and 13 type D. Eight further
patients suffered only from sensory deficits. None of the
patients had any pre-traumatic neurologic deficits.

Overall, 78 patients (54.5%) underwent surgery due to
instability or neurologic deficits. A total of 53 patients had
open posterior spondylodesis (67.9%), and 17 had percuta-
neous dorsal posterior stabilization (21.8%). Additionally, 50
patients (64.1%) were stabilized by anterior body replace-
ment; in 8 patients (10.3%) a stand-alone anterior spon-
dylodesis with cage and plate was performed. Dural tears
were mostly treated using running suture (n=13/14), and
in one case a fibrin patch was used to cover it. Two patients
were transferred to another hospital for surgery close to their
hometown.

In 36 cases, emergency surgery was indicated. In 23
patients, the reason was a displaced spinal injury with onset
of neurologic deficit or unclear neurologic examination in
an intubated or unconscious patient (n=16/23). Postopera-
tively, 7 patients improved in neurologic impairment and the
remaining stayed the same during the primary hospital stay.
Sixteen patients were thus ASIA C or worse. Other indi-
cations for surgery included a concern for impending neu-
rologic deficit or injuries associated with a high degree of
instability (C-type fractures and highly comminuted A- and
B-type fractures with intraspinal bony fragments) (n="7/23).
In the other 13 of 36 cases where emergency surgery was
required, indications included unstable pelvic fractures
(n=75), extremity fractures (n=5)—(4 femur fractures and
one open ankle fracture, including two external fixations).
An exploratory laparoscopy, skull fixation and coronary

Table 1 Basic patient data

. . No (%)
according to the different

No. of spinal injuries Age

Male (%) Neurology ISS score (SD)

: o deficit (%)

airborne sports, incidence of

neurology deficits and ISS Paragliding 128 (86.5) 274Fx+4Co 40.5 (18-71) 84.4 26 (20.3)  17.3(12.8)
BASE jumping 15 (10.1) 48 30.9 (21-45) 933 3(20.0) 21.6(15.0)
Parachuting 2(1.4) 1Fx+1Co 39 (2-58) 50 1 (50) 25.5(34.6)
Speedflying 3(20) 11 33.7 (27-45) 66.7 1(33.3) 21 (12.1)
Total 148 (100) 334Fx, 5Co 39.4 (18-71) 845 31(209) 17.9(132)

Fx fracture, Co contusion
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Fig. 1 Fracture distribution in
airborne injuries
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angiography were performed in the remaining cases (one
for each; n=73).

Furthermore, 12 patients were transferred to the intensive
care unit and 16 patients could be discharged from the emer-
gency department on the same day, as they suffered only
from spinal contusion (n=5) or a stable type A fracture on
standing X-rays and were able to ambulate (n=11).

Most patients were primarily admitted to our hos-
pital (129/148 or 87.2%) by air rescue (n=121), three
by ambulance and five self-admissions. The remain-
ing 17 patients (11.5%) were transferred from a general

Spine Level of Fractures

Number of fractures
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physician or a smaller hospital to our institution for fur-
ther treatment, and in two cases, the type of admission
was not mentioned. Five patients had to be intubated at
the trauma site, and in 111 cases (75.0%), the primary
survey was performed in the resuscitation room (see
Table 4).

In total, 95 patients (64.2%) had 162 concomitant inju-
ries including one severe burn and one patient was suc-
cessfully resuscitated after onset of a pulseless electric
activity (PEA) after a BASE jump crash. All concomitant
injuries are summarized in Table 3.

@ Springer



1142

European Spine Journal (2019) 28:1138-1145

Table2 Type of injury

according to the AO

Type of injury Overall n=334 Paragliding n=274 BASE

Parachuting n=1

Speedflying n=11

. . jumping

classification and allocated to =48
the different airborne sports;
percentages are given in Facets 10 (3.0) 10 (3.7) _ _ _
brackets A0 103 (30.8) 74 (27.0) 27(56.3) - 2(18.2)

Al 117 (35.0) 99 (36.1) 13 27.1) - 5(45.5)

A2 9.7 5(1.8) 2(4.2) - 2(18.2)

A3 16 (4.8) 15 (5.5) 12.1) - -

A4 27 (8.1) 26 (9.5) 12.1) - -

B1 20 (6.0) 17 (6.2) 2(4.2) - 19.1)

B2 23 (6.9) 21 (7.7) 12.1) - 19.1)

B3 3(0.9) 3(1.1) - - -

C 6(1.8) 4(1.5) 12.1) 1 (100) -
Table 3 Type and severity of injury related to the age
Fracture type No. ISS Age
Distorsionen 5 1.0 374
Facets 10 29.4 49.25
Cervical 27 25.0 47.5
Thorcal 124 20.9 39.46
Lumbal 182 19.0 39.9
Sacral 6 32.7 34.0
Total 339 17.9 394
Age Age No No ISS Dist. Facet Cer- Tho- Lum- Sacral A B C

of of vical racal bal
pat.  inju-
ries

<20 19 7 14 141 2 143 0 0 0 0 6 429 6 429 0 0 9 643 2 143 1 7.1
>20 264 33 88 19.1 0 0 0 0 2 23 41 46.6 43 489 2 23 76 864 11 125 0 O
>30 348 45 92 173 0 0 2 22 4 43 27 293 56 609 3 32 69 750 12 13.0 3 33
>40 46.6 33 84 16.1 2 24 5 6.0 10 119 22 262 44 524 1 12 62 738 10 119 0 0
>50 548 23 58 276 1 1.7 2 34 8 13.8 24 414 23 39.7 0 0 41 707 9 155 2 34
>60 65.1 7 18 182 0 0 1 56 3 16.7 4 22. 10 556 0 0 15 833 2 11.1 0 O
Total 148 339 179 5 10 27 124 182 6 272 46 6
Table 4 Concomi.tant :mjur ies; Airrescue (%) Resuscita-  Extremity Pelvis Abdomen Thorax Head/face
percentages are given in tion room
brackets (%)

Paragliding 106 (82.8) 94 (73.4) 39(81.3) 19(73.1) 9(64.3) 38(80.9) 21(77.8)

BASE jumping 13 (86.7) 13(86.7) 9(18.8) 5(9.2) 3(@21.4) 7149 518.5)

Parachuting 1 (50) 1 (50) - 1(3.8) 1(7.1) - -

Speedflying 3 (100) 3(100) - 1(3.8) 1(7.1) 2@4.3) 1(16.7)

Total 123 (83.1) 111 (75.0) 48(29.6) 26(16.0) 14(8.6) 47(29.0) 27(16.7)
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Discussion

Airborne sports have become more popular worldwide,
although they can be associated with severe injuries. Our
study shows that in the spine, L1 is especially at risk and
injury to it can cause a neurologic deficit up to 20.9% of
the time. Further, 54.5% of patients in our series required
surgery for their spinal injury.

Overall, spinal fractures are not very common; the
incidence is described to be 64 per 1 million. In terms
of sports and associated spine injuries, cycling followed
by winter sports (62.7%) are most often associated with
injury, whereas airborne sports are ranked as number 25
with an incidence of 16.2% [6, 15]. Between 10 and 30%
of traumatic spinal fractures are associated with spinal
cord injuries [16]. The incidence of spinal cord injury may
also vary upon the country between 39 per million in the
USA and 15 per million in Australia [15]. In our institu-
tion, the incidence of neurologic impairment was 20.9%,
this rate falls within the range described in literature which
is between 9.6% and 32% [17, 18].

The overall age for traumatic spine fractures has been
noted to be 43.8 years, whereas previous studies described
a mean age of 37.0 years in airborne sport pilots [17, 19].
We identified a slightly higher age of pilots at 39.4 years.
The ISS was higher in our study than in previous studies
(from 8 [17] to 17.9 in our cohort). The reasons for this
change are difficult to determine, although it is possible
that previous studies have underestimated the severity of
injury. There may be some selection bias, as our level-1
trauma center receives preferably polytraumatized patients
with suspected higher ISS scores. When looking for the
overall ISS in all sports, the mean is 2.2 (2.2) with a mor-
tality rate of 0.03% [20]. In winter sports, where spine
trauma is not uncommon, the mean ISS has been reported
as 25.9 (SD 8.0) with an incidence of severe injuries of
0.229 per million rides per year [5].

Other dangerous sports include climbing, skating and
contact sports. Climbing is an airborne sport of sorts and
is associated with a high rate of spine injuries, which vary
between 12.5% [21] and 45.7%, whereas head injury is
more common in skating and contact sports (i.e., hockey,
football and soccer) [22]. In rock climbing, it has to be
considered that patients may not only fall straight onto the
ground but also hit the rock during fall [23]. An interesting
correlation was identified in the gender distribution and
ISS group from 12-14, 16-24 to more than 24. As ISS
increases, the male: female ratio shifted from 1.69:1 to
1.89:1 and finally 1.95:1 in ISS above than 24 [24].

Paragliding, which is a potentially aerodynamically
unstable system, is mostly associated with pilot errors
while launching and landing, and the mortality rate is

stated to be 45/100,000 [10, 25-27]. This agrees with
our data, where the severity of injuries in paragliding is
worse than BASE jumping, parachuting and speedflying.
This may be due to higher speeds during flying and poten-
tial higher risk-taking characters in these subcategories
(Table 4).

According to the literature, more than 60% of all spine
fractures independent of the cause are located in the thora-
columbar region; this remains true in airborne sports [6, 22,
28]. In airborne sports, type A fractures occur most com-
monly, and L1 is affected mostly [3, 17, 18] (type A fracture
79.9%, 1.1 47.6%). No difference regarding fracture classifi-
cation or affected vertebral body in between the different air-
borne sports was identified, even though the pilots are in dif-
ferent positions when flying. In contrast to airborne sports,
in non-airborne spine injuries another peak can be identified
at C5/6 such as in cycling or in motocross in which the most
often accident mechanism (falling to front over the handle-
bar) is prone to hyperextension injuries of the cervical spine
[7, 29]. The most common complications are spinal cord
injuries related to the trauma which are present in 44.3% [3].
Further, no age pattern was identified, although the highest
ISS was observed in patients aged 50 and 60 years. Lumbar
fractures were most commonly observed in all age groups,
even though in the age group between 50 and 60 thoracic
fractures were slightly more common.

The decision on surgical procedure depended on the frac-
ture pattern. In unstable fractures without spinal stenosis,
single posterior stabilization was performed. Most com-
monly, patients underwent stabilization with posterior spon-
dylodesis and percutaneous posterior stabilization, followed
by anterior surgery in 78 cases. It is recommended that in
highly comminuted or unstable fractures a combined anter-
oposterior stabilization with a cage should be performed.
This type of stabilization shows better maintenance of tho-
racic kyphosis than only a posterior stabilization in highly
comminuted fractures, especially in the thoracolumbar area
[30]. In traumatic spinal stenosis, an additional decompres-
sion should be the method of choice [31].

Concomitant injuries were identified in 95 patients
(64.2%) with 162 different injuries including a variety of
other fractures, abdominal or thoracic injuries including
aortic rupture. To achieve the highest survival rate, a quick
admission to the hospital and primary diagnosis is essen-
tial such as by air rescue [32, 33]. In our center, 83.1% of
patients were admitted by air rescue as life-threatening inju-
ries were assumed and 5 patients had to be intubated at the
site of accident. One patient needed resuscitation, which
was successful; thus, the overall survival of those surviving
the pre-hospital phase was 100% in our setting. To simplify
and fast-track the diagnostics, LODOX can replace conven-
tional thoracic and pelvic X-rays to exclude pneumothorax
and major pelvic and extremity injuries even though in most
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cases no lateral LODOX is performed to save time. For
detailed diagnostics, computed tomography was performed
in every patient in which severe injuries were suspected
(146/148, 98.6% in our cohort).

To prevent injuries, new devices have been developed and
introduced such as rescue parachutes, saver harnesses and
replaceable PVC as a protector, even though we identified an
increase in the injury severity (ISS of 17.9) in comparison
with the literature. The efficacy of these devices is thus in
some question. It is possible that they give a false feeling of
security, leading to a higher risk-taking mentality, or lead to
some restricted movement that may reduce a pilots’ ability
to react in emergency situations.

This study has some limitations. The AO classification is
a good and reliable tool although it has a low inter-observer
reliability. Fractures in the thoracolumbar transition zone
showed a reliability of 0.77 with a range between 0.69 and
0.90 [34]. The injury severity score has limitations as well;
a new ISS was established which does not take into account
the different body parts but only three major injuries [35].
For ASIA score assessment, we did not perform MRIs;
however, a comprehensive review with the patient was per-
formed as soon as they were awake and responsive. Fur-
thermore, as we investigated the spine fractures at a level-1
trauma center, the more severe fractures may be directly
admitted or transferred from smaller hospitals to our center,
and so some minor injuries may be missed.

Over the last several years, the severity and age of
patients suffering from spinal injuries due to airborne sports
have increased. The thoracolumbar region is mostly affected,
and AO fractures were most common. A total of 54.5% of
patients required surgery as a result of their spinal injury and
20.9% due to neurologic impairment. To minimize risk of
future injury, further prevention courses should be offered
and athletes must be aware and informed about how to act
in case of an emergency.
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