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ABSTRACT

In parachuting, orthopedic and head injuries are well 
documented risks associated with the parachute deployment 
and landing phases. Thoracic injuries have only been seen on 
rare occasion in conjunction with direct impact trauma. In 
this report, we detail a case of a young, healthy, tandem sky
diving passenger who suffered bilateral pneumothoraces with 
delayed symptom onset, with no identifiable injury during the 
jump or landing. Exploring the forces of the parachute “open
ing shock,” we suggest a plausible compressive mechanism for 
this novel presentation, as well as briefly discuss the options 
for diagnosis and conservative management of pneumothorax 
in the operational context. While this is an exceedingly rare 
event, pneumothorax should be considered in patients com
plaining of thoracic symptoms following a skydive.

Keywords: pneumothorax; prolonged field care; military med-
icine; prehospital ultrasound; parachute injuries; parachuting

Introduction
Parachuting is an activity with inherent and welldocumented 
risks. The worldwide injury rates are variable in the literature 
with rates of 1.5–18.8/1000 civilian jumps and 2.2–19.7/1000 
for the military. However, there are minimal data specifically 
concerning tandem parachuting injury rates.1–8 In a small 
United Kingdom study of parachute injuries presenting to 
a single Emergency Department (ED), 17% of injuries were 
the result of tandem jumps. A forensic case series of all 24 
parachuting deaths in Arizona over a 15year period identified 
only 1 death from tandem skydiving (Figure 1).9

Lower extremity orthopedic injuries and head trauma are 
common with landing, accounting for up to 90% of docu
mented injuries.6,7,10 Upper extremity, back, and neck inju
ries are most often sustained in other phases of the jump, 
commonly while exiting the aircraft and during parachute 
opening.6 Thoracic injuries are exceedingly rare in nonfatal 
mishaps and only reported in large parachuting case series and 
two case reports.1,3,10

We report the first known case of bilateral pneumothoraces 
sustained from tandem parachuting without traumatic im
pact or acute symptom onset during the event. We present a 

possible compressive mechanism and discuss considerations 
for diagnosis and conservative treatment in the operational 
context.

Case Presentation
A previously healthy 20yearold man presents to the emer
gency department with three days of chest discomfort and 
shortness of breath. Twelve hours prior to symptom onset, 
he made a skydive as a tandem passenger for the first time, 
which was uneventful. He denied striking his chest, landing 
awkwardly, or feeling discomfort at any time. He was asymp
tomatic before, during, and immediately after the jump and 
landing. The morning after his jump, the patient awoke with 
a sharp pain in his chest and intermittent shortness of breath. 
He was unable to go to work due to these symptoms. Over 
the next 2 days, symptoms progressed to dyspnea with ex
ertion, constant fatigue, and diffuse chest discomfort, which 
was heavy and sharp in nature, with no radiation and worse 
with torso movement. He did not have any associated fever, 
chills, cough, palpitations, edema, bruising, or rib or chest 
wall pain.

The patient was referred to the ED by his primary care physi
cian (PCP) after a telephone appointment. En route, he stopped 
to have an outpatient chest xray (CXR) as ordered by the 
PCP, which was not read prior to ED arrival. Bilateral pneu
mothoraces were noted by the emergency physician and the 
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FIGURE 1  Example of military parachuting.
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subsequent radiology interpretation found “moderate sized 
right apical pneumothorax with a smaller left apical pneumo
thorax; no pleural effusion or rib fractures” (Figure 2).

FIGURE 2  
Representative 
chest radiograph; 
arrows mark 
borders of 
bilateral 
pneumothorax.

Case courtesy of 
Dr Hani Makky 
Al Salam,  
Radiopaedia.org, 
rID: 12353

This patient had no past medical history, relevant family 
history, history of chest trauma or instrumentation, or prior 
pneumothorax. He has never been diagnosed with Marfan 
syndrome. He denied history of smoking and was taking no 
medications. Surgical history was only remarkable for a sur
gery to the left shoulder many years prior.

Vital signs at triage were blood pressure 146/83, heart rate 
80, respiratory rate 22, oxygen saturation 100%, temperature 
36.8˚C. He was tall and slim with a height of 1.85 m and 
weight of 63.5 kg (body mass index 18.6). On examination, 
the patient was noted to be in no distress and was speaking 
in complete sentences. He was mildly tachypneic. Lungs were 
clear bilaterally, but diminished breath sounds were noted 
anteriorly on the right. No subcutaneous emphysema was 
palpable. No chest wall or rib tenderness was elicited. No ec
chymosis was noted. Heart was regular rate and rhythm with
out murmur. The remainder of his exam was unremarkable.

The patient was placed on oxygen via nonrebreather mask 
at 15 liters per minute according to local standard of care. A 
thoracic surgeon was consulted who recommended the patient 
be admitted to the medical floor with continued oxygen by 
facemask and a repeat CXR the following day. The surgeon 
estimated the right sided pneumothorax to be 10% of the 
lung volume. Neither chest tube nor aspiration were indicated 
given the size of the pneumothoraces and the patient’s clinical 
stability.

Twentyfour hours later, a followup portable singleview 
CXR demonstrated an unchanged right pneumothorax and 
a “barely perceptible” left pneumothorax, and his vital signs 
(including a room air oxygen saturation of 100% at the time 
of reassessment and discharge) remained stable. He was dis
charged home and followed up in clinic with the thoracic 
surgeon as scheduled 2 weeks later. At that time, the patient 
was doing well with no residual nor new complaints. A repeat 
CXR in clinic showed no residual pneumothorax. A review of 

the electronic medical record showed no additional encounters 
in the following year.

Discussion
Chest injuries from parachuting are rarely reported in non 
fatal mishaps. One study of 117,000 jumps reported two tho
racic injuries out of 2,204 total injuries, and only one of the 
two required evaluation in the ED.1 In a study of 141 injuries 
sustained during military freefall school, three chest injuries 
were noted; the manuscript did not include additional details 
of the injuries.11 A review of parachuting injuries from over 
176,000 jumps reported the following percentages of chest in
juries: chest contusion (0.6%), sternum fracture (0.1%), and 
rib fracture (1.3%). Pneumothorax was not specifically men
tioned in these data nor did the authors differentiate between 
solo and tandem parachuting injuries.10

There are case reports documenting unilateral pneumothorax 
due to direct impact trauma while parachuting. In one case, an 
American paratrooper struck his chest during a hard parachute 
landing fall (PLF) and suffered a small apical pneumothorax 
that was treated with a chest tube.12 Another case describes 
bilateral pneumothoraces, contusions, and multiple other in
juries as the result of an Indian paratrooper disconnecting his 
parachute 100 feet in the air and impacting the surface of the 
ocean after a brief freefall.13

Possible Mechanism of Injury
Clearly, a definitive mechanism of injury cannot be determined 
by a single case report. We present a plausible potential mech
anism here based on the available literature and the authors’ 
experience to encourage further discussion and additional re
search. The patient did not feel discomfort or dyspnea during 
the event or later that day; symptoms began about 12 hours 
later. The patient reported an uneventful airplane exit, free
fall, canopy opening, and landing without any direct impact. 
Therefore, the phase of the jump most likely to have caused 
the pneumothoraces was canopy opening when he would have 
experienced the abrupt deceleration known as the “opening 
shock.”

According to the British Parachute Association, during para
chute deployment, a skydiver experiences “a brisk decelera
tion, usually about 4g but occasionally in excess of 15g and 
with a rapid onset.”14 The skydiver is pulled from a horizontal 
(“belly to earth”) position into a vertical (“feet to earth”) ori
entation under the inflating parachute. The higher forces of 
a “hardopening” most closely resemble a whiplash mecha
nism as the head and cervical spine experience a rapid hyper 
extension and then flexion.14 A “hardopening” during a 
tandem jump can be the result of parachute packing technique, 
drogue parachute failure, or parachute deployment at a termi
nal velocity above 120 mph.15,16 In this case study, we could 
not determine if the tandem pair experienced a hardopening, 
as firsttime skydivers do not have a basis for comparison to 
a normal parachute opening force, and the instructor had no 
memory of this jump.

A case report published in 2011 reported a dissection of the 
left anterior descending coronary artery in a 35yearold 
BASE jumper after a “hardopening.” This demonstrated that 
parachute deployment has the ability to deliver enough en
ergy to cause intrathoracic injury.17 In tandem skydiving, the 
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compressive effect of the harness can be more severe than solo 
skydiving as the passenger is essentially squeezed between the 
chest strap in front and the tandem instructor behind. This 
force distribution on the chest is most analogous to that of the 
load distributing band type of mechanical CPR device, which 
has been shown to cause pneumothoraces, rib fractures, and 
subcutaneous emphysema (Figure 3).18

FIGURE 3 
Tandem passenger 
harness.

Inexperienced tandem passengers may hold their breath during 
the overwhelming experience of the skydive or be caught off 
guard by the surprise of the parachute deployment. Against 
a closed glottis, this creates a closed system in the chest that 
amplifies the effects of thoracic pressure from circumferential 
chest compression. The increased alveolar pressure caused 
by valsalva has been previously associated with spontaneous 
pneumothorax, which supports this mechanism.19,20 As de
scribed in an Annals of Surgery article from 1941, “Forced 
expiration with the glottis closed raises the intrapulmonic 
pressure. A crushing pressure applied to the chest, as may hap
pen in accidents, can raise it to such an extent that one or 
both lungs may be ruptured, even though the thorax is not 
penetrated.”21 It is unclear whether a Valsalva played a role 
in this case.

We believe the most likely mechanism of injury to be a rapid 
chest compression during the opening shock of parachute de
ployment. It is unlikely the patient arrived to the skydive al
ready harboring small bilateral pneumothoraces. If this were 
the case, he would likely have become symptomatic during 
the flight to jump altitude as the trapped air expanded with 
decreasing atmospheric pressure in accordance with Boyle’s 
law.22 Equally improbable would be spontaneous pneumo
thoraces coincidentally occurring the day after his jump. Al
though not diagnosed with Marfan syndrome, his tall and thin 
stature and male sex are risk factors for pneumothorax and 
could have made his lungs more susceptible to the compres
sive trauma of the opening shock. He did not report any other 
pneumothorax risk factors such as smoking, vaping, genetic 
predisposition, underlying lung disease (i.e., asthma, COPD, 
cystic fibrosis, malignancy, infection), cocaine inhalation, re
cent air travel or scuba diving, prior pneumothorax, or tho
racic trauma.23

Operational Considerations in the Evaluation and 
Management of a Pneumothorax
In the event a military parachutist or tandem passenger presented 
with thoracic trauma and signs and symptoms of a significant 
pneumothorax or tension pneumothorax, they should be treated 
emergently.24 However, if there is a subacute presentation in a 
stable patient, observation with or without oxygen supplemen
tation can be considered. Up to 80% of small pneumothoraces 
(<15% of pleural volume) will not further accumulate or recur 
when managed conservatively.25 The rate of resorption can be in
creased by a factor of four with the administration of 100% oxy
gen. If the patient has stable to improving symptoms or findings 
on repeat CXR or ultrasound, no further intervention is neces
sary.26 The proximity of definitive care, availability of resources 
in the field, and other mission specific factors should be consid
ered, but the patient may not require emergent evacuation.

If available, an ultrasound can be performed to estimate the ex
tent of the pneumothorax and look for presence of blood in 
the pleural space. Serial ultrasounds can demonstrate changes in 
size and inform treatment trajectory.27 Research on prehospital 
ultrasonography shows this modality is effective for field eval
uation and logistical management of the patient, and can aid 
destination decisionmaking and transport priority.28 In many 
studies both in the trauma center and prehospital settings, ultra
sound was better at detecting pneumothorax than a CXR.27–29 
In one case, a tube thoracostomy was avoided in a combat ca
sualty with penetrating injuries when a pulmonary ultrasound 
at the Role 1 demonstrated signs of normal pleural sliding.30

An extended focused assessment with sonography in trauma 
(EFAST) is an efficient tool for identifying pneumothoraces 
and other critical injuries in the combat setting. With appro
priate training, this fieldexpedient diagnostic can be com
pleted in 2–3 minutes.31

If the patient is stable with a relatively large pneumothorax, 
or a smaller pneumothorax that is getting progressively larger, 
a needle aspiration can expedite reinflation of the lung, im
provement of clinical symptoms, and return to the mission.32 
However, there is an increased risk of iatrogenic lung injury 
with smaller amounts of air between the pleura. With inser
tion of the catheteroverneedle into the pleural space (as in 
a needle decompression), air can be aspirated with a syringe 
in a onetime procedure, or the catheter can be left in place 
and connected to a Heimlich valve or threeway stopcock for 
ongoing drainage.32 If there is a persistent leak or worsening 
symptoms, the patient should be prioritized for evacuation 
to the nearest medical facility, and consideration for an open 
or tube thoracostomy made (depending on provider scope of 
practice) prior to prolonged transport or flight.26,32

In an operational setting, depending on the level of practitioner 
comfort and resources, both needle aspiration and observation 
with highflow oxygen are reasonable management strategies 
for a stable subacute pneumothorax. These conservative ap
proaches could avoid missioncompromising extraction of an 
operator from the field and the added complexity of managing 
a chest tube in a prolonged field care scenario.

Conclusion
Pneumothorax is a rarely documented complication of para
chuting activities, but it is possible with direct impact trauma 
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or thoracic compression from the opening shock of parachute 
deployment. If a military member presents with chest discom
fort, shortness of breath, dyspnea on exertion, pleurisy, or 
other concerning thoracic symptoms during or after parachut
ing, this diagnosis should be considered. Pneumothorax can 
accurately be diagnosed and followed by point of care ultra
sound in the field. Many uncomplicated pneumothoraces can 
be conservatively managed with close monitoring and oxygen 
alone, or with simple needle aspiration resulting in resolution 
of symptoms and low risk of recurrence.
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