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In military aviation, pilots have to perform complex tasks under variable environmen-
tal conditions, at diff erent times of the day, during complex military missions; this can 
cause emergency events. Such emergency events may necessitate emergency ejection. 
However, because of defi cits of time and attention as well as because of diffi  cult condi-
tions of ejection, pilots often have inadequate positions before ejection. This can lead 
to various bodily injuries, leading further to acute and long-term consequences for the 
pilots’ psychophysical state. The main aim of the study was to analyze injuries related 
to emergency ejection in military pilots and to evaluate potential long-term health 
consequences of emergency ejection.

We included all pilots of the Polish Air Force who performed successful emergency 
ejections between 1985 and 2007. In this period, 36 pilots performed emergency ejec-
tions, including one pilots who had two ejections. We analyzed the gathered data with 
respect to medical and legal aspects.

We put forward the three following hypotheses: 1) emergency ejections have a nega-
tive impact on pilots’ health; 2) the health condition of pilots is getting worse with an 
increasing number of fl ight hours; 3) the health condition of pilots is getting worse 
with increasing age.
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INTRODUCTION

In supersonic and infrasonic aircraft, pilots need 
to perform emergency ejections in unpredictable 
situations or due to aircraft malfunction [28,54]. 
The decision to eject has to be made instantly and 
automatically. Hesitation in making decisions and 
errors in performing ejections can lead to a dis-
aster. Despite the advancement of ejection de-
vices, pilots have fear of ejection from an aircraft 
[1,2,15,30,49]. On-ground, practice ejections in the 
Air Force Academy in Deblin (WSOSP) have not 
been popular among students because of large 
g-forces (ca. 10-13 G). Although practice ejections 
help get used to the conditions of ejection, they 
promote degenerative changes in the vertebral 
column. Currently, there are safe on-ground, pneu-
matic facilities for learning the skills of successful 
emergency ejection. According to the current cur-
riculum, every student of WSOSP has to perform 
four practice ejections in on-ground devices. It 
need to be emphasized that fl ight simulators are 
currently widely used in military aviation with the 
assessment of factors that modify the tolerance of 
fl ight environment [4,8,45,49,50,51,52,53].

Emergency ejection in military aviation
In the studied period, i.e. between 1989 and 

2009, there were 37 instances of emergency ejec-
tions in military aviation. One of the pilots per-
formed two emergency ejections. During this pe-
riod, 29 pilots died in aircraft with ejection seats 

because of aviation disasters. Therefore, it is an 
important task of the military health service to 
decrease the number of deadly accidents and to 
comprehensively analyze and monitor health sta-
tus of pilots after emergency ejections, especially 
with respect to further military service.

Based on medical and aviation protocols, it was 
shown that pilots incur various injuries during 
emergency ejections. This is due to many causes 
(level of experience, fl ight conditions, health sta-
tus, psychophysical dispositions, ejection device 
etc.). An important role is played by physical and 
psychological characteristics. One should start 
from a proper selection of candidates for WSOSP. 
Currently, magnetic resonance imaging can assess 
in detail the structure of vertebrae, ligaments, in-
tervertebral discs and vertebral canal. Due to com-
prehensive psychological evaluations performed 
in WSOSP and in the Military Institute of Aviation 
Medicine (MIAM), the selected candidates have 
adequate psychological traits for being military 
pilots. The character of aviation changes, pilots 
perform fl ights in confl ict zones, during practices 
with NATO members carried out in order to pre-
pare them for combat interventions. In 2011, it 
was declared that pilots have to be examined by 
a psychologist with at least 5 years of experience 
and an MA degree (Journal of Laws, 8th January 
19, 2011 Pos. 96; Decree of the Minister of National 
Defense, 23.12.2010 r.).

Despite the advancement of aviation technologies, it is impossible to avoid all emer-
gency situations that can lead to emergency ejections. The increasing role played by 
new technical and informational solutions limits the role of human factor in the process 
of ejection, which remains the major cause of aviation disasters. A number of solutions 
applied in the construction of the ejection seats are in place to reduce the risk of death 
and injuries. Aviation health care analyzes every case of emergency ejection with regard 
to its health consequences to the pilot, mechanisms of injury, eff ectiveness of emergency 
systems, hospital procedures and the scheme of action for medicolegal personnel who 
decides on the fate of the pilot.

Based on the investigations, we report the following fi ndings:

– mild injuries incurred during ejection or injuries that were not recognized within several 
hours after ejection resulted in pilots being unfi t for military service in the long-term,

– severe injuries with accompanying psychological disorders led immediately to discon-
tinuation of military service,

– moderate injuries of the vertebral column in the long-term caused pain syndromes 
related to overload,

– subjective evaluation of pilots’ own health after ejection was related to the degree of 
injury and pain.

emergency event, emergency ejection, health eff ects, inadequate positions, pilots 
psychophysical state
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Assumptions, aims of the study and study 
questions

In military aviation, pilots have to perform 
complex tasks under variable environmental 
conditions, at diff erent times of the day, during 
complex military missions; this can cause emer-
gency events. Such emergency events may ne-
cessitate emergency ejections. Because of time 
defi cits and diffi  cult conditions of ejection, pilots 
often have inadequate positions for ejection, and 
high speeds and/or changing weather conditions 
(e.g. wind) during parachuting increase the risk of 
bodily injuries and psychological trauma. This can 
have both short-term and long-term eff ects on 
the psychophysical state of the pilots, potentially 
leading to a lower health category. Therefore, it 
seems important to assess both short-term and 
long-term eff ects of emergency ejections on the 
psychophysical state of injured pilots.

In the studies performed so far, the detailed, 
long-term consequences of emergency ejection 
on the health status of pilots have not been inves-
tigated. Therefore, we wanted to perform a study 
in order to evaluate cognitive and practical as-
pects of long-term health eff ects of emergency 
ejections. Because of a low number of the stud-
ied pilots who performed successful ejections, we 
primarily carried out a case series study. We also 
performed a comparative analysis with a random-
ly selected group of military pilots who had never 
performed emergency ejections.

Aim
The main aim of the study was to analyze inju-

ries associated with emergency ejections in mili-
tary pilots and to evaluate potential long-term ef-
fects of emergency ejections on the health status 
of pilots. Practical aims focused on medicolegal 
aspects and on potential prophylactic recommen-
dations and recommendations for health assess-
ment.

We posed the following research questions:
1. What injuries are incurred after emergency 

ejections?
2. What is the process of treatment, rehabilitation 

and medicolegal regulations after emergency 
ejections?

3. What is the long-term eff ect of emergency ejec-
tions of health status (somatic and psychologi-
cal) of military pilots?

4. What are the medicolegal regulations for mili-
tary pilots who quit military service?

Medicolegal issues in the case of pilots 
who performed emergency ejections

The medicolegal regulations with regard to 
Polish Air Force pilots who performed emergency 
ejections were determined by Head of the Military 
Committee of Air Forces in the “Scheme of assess-
ing the ability to perform air force military service 
of pilots who performed emergency ejections” 
(internal organizational documents, 2005).

Emergency ejection is a stressful event for mili-
tary pilots and it can also cause various bodily in-
juries. Therefore, after medical treatment, pilots 
who performed emergency ejections need to un-
dergo the following examinations:
– x-ray of the vertebral column after one year and 

then every 5 years,
– magnetic resonance imaging of the vertebral 

column in cases with vertebral trauma or verte-
bral pain after one year and then every 5 years,

– control examinations of organs and bodily sys-
tems that were injured during emergency ejec-
tion after one year and then depending on the 
symptoms,

– psychological assessment with comprehensive 
conclusions with regard to pilots’ state (psycho-
logical state, assessment of suitability for a gi-
ven position in future).
It is worth to get acquainted with medicolegal 

regulations in other NATO countries, in which it is 
emphasized that in order to be suitable to pilot 
a new generation aircraft, one has to be in a good 
physical condition. Pilots need to meet the high-
est health standards and therefore physicians who 
evaluate them need to use all available investiga-
tions and diagnostic methods. Physicians need to 
be experienced in their given fi elds of medicine as 
well as in the fi eld of aviation medicine. This is to 
detect pathologies and direct personnel to tasks 
that can be performed with a given health status.

Currently, there are works carried out in order to 
unify regulations in all NATO countries. Therefore, 
STANAGI that relate to medical procedures with 
respect to exchangeability of aviation personnel 
within NATO countries need to be translated into 
Polish circumstances. In order for these regula-
tions to apply in the Polish circumstances, they 
have to be adjusted to Polish social, health and 
fi nancial conditions. Currently, each NATO country 
has its own regulations that need to fulfi ll strict di-
agnostic and medical criteria. Regulations that are 
created for the Polish Air Force take into account 
NATO recommendations and characteristics of our 
aviation [17,43].
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– anxiety disorders that insignifi cantly disturb 
adaptation skills and maladaptation reactions, 
as listed in § 67 pkt. 2 i § 68 pkt. 1 of the above-
mentioned appendix – 10% of subjects.
A preliminary analysis of the total fl ight hours 

(performed because of emergency ejections) 
showed a very large dispersion of this feature in 
both groups (experimental and control groups). 
The diff erence in total fl ight hours between the 
groups was statistically signifi cant (p < 0.0001);  
the diff erence was in favor of the control group.

Because of the large dispersion of total fl ight 
hours, we performed cluster analysis with the 
k method in order to create 3 clusters. Based on 
this, the studied subjects were divided into the 
three following categories:
1. Pilots with a low number of fl ight hours - 329 – 

1350 hours (mean of 1014.03 hours) 33 subjects 
(41.25%).

2. Pilots with a moderate number of fl ight hours 
- 1400 - 2243 hours (mean of 1764.55 hours) 
31 subjects (38.75%).

3. Pilots with a large number of fl ight hours - 2335 
- 3250 hours (mean of 2890.00 hours) 16 sub-
jects (20%).
Because in cluster analysis the distances be-

tween the centers of clusters are maximized, such 
a categorized variable was used for further analysis, 
as this reduced the dispersion of data.

Because such a categorization decreased the 
amount of information (i.e. transition to a nominal 
level of analysis), we had to verify our hypotheses 
on the relationship between the number of dis-
eases and ailments and independent variables. 
Therefore, we had to group subjects according to 
the number of reported symptoms. Those pilots 
who did not have any symptoms were classifi ed as 
healthy; those with 1-2 symptoms as subjects hav-
ing endangered health; those with 3 or more symp-
toms as having a health problem. We found the fol-
lowing distribution of the variable:
– healthy pilots (no symptoms) - 35.0% (28 sub-

jects),
– pilots with endangered health (1-2 symptoms) - 

26.3% (21 subjects),
– pilots with health problems (3-10 symptoms) - 

38.8% (31 subjects).
Categorization of pilots according to age was 

also carried out with cluster analysis with k-means, 
with an imposed condition of 3 clusters. The pilots 
were classifi ed into three age groups; Group I (up 
to 39 years of age) – 25% of subjects; Group II (40 
49 years of age) – 51.25%, Group III (over 50 year of 
age) – 23.75% of subjects. The mean age and stand-

Study material
We included all pilots of the Polish Air Force who 

performed successful emergency ejections between 
1985 and 2007. In this period, 36 pilots performed 
emergency ejections, including one pilot who had 
two ejections. Emergency ejections were performed 
from the following aircraft types: turboprop PZL 
Orlik aircraft (130 [3 times]; infrasonic LIM aircraft 
(2, [1 x]; LIM aircraft – (6 [1x]); TS aircraft – (11 Iskra [3x]); 
supersonic MIG aircraft – (21 [15x]); MIG aircraft – (23 
[1x]); SU aircraft – (20 [3x]); SU aircraft– 22 [4x], AM-X – 
an aircraft of the Italian Air Force [1x].

For a comparative analysis with military pilots 
who performed emergency ejections and were 
still in military service, we gathered a control group 
of 45 pilots matched for age and fl ight experience 
(e.g. aircraft type) based on an analysis of medical 
charts. In total, we analyzed 80 cases, of whom 36 cas-
es performed emergency ejections and were the 
experimental group. The remaining 45 pilots, who 
had never performed emergency ejections, were 
included in the control group.

Upon our request, we obtained permission 
from the Head of the Military Institute of Aviation 
Medicine in Warsaw, Poland to get access to mili-
tary and medical fi les of the cases.

The gathered data were analyzed with respect 
to medical and medicolegal aspects; we did not 
disclose personal details, including initials, of the 
studied subjects. Guided interviews were carried 
out during routine examinations after obtaining 
consent from the pilots; the data gathered in this 
way were also anonymous.

Characteristics of the control and 
experimental groups

The preliminary analysis, based on the values 
of margins, found that the dependent variable 
(occurrence of diseases and health defects) was 
considerably dispersed. Many of the recorded dis-
eases and ailments were found only once. Because 
such dispersion rendered the data inadequate 
for analysis, we included for further analysis only 
those diseases that were most frequent and that 
were potentially related to emergency ejections. 
They included:
– abnormal vertebral curvature, healed fractures 

and inborn defects of the vertebral column, as 
listed in § 34 pkt. 1-6 (attached in appendix no. 
1) – 40% of subjects,

– chronic pain syndromes, radicular pain, pain rela-
ted to nerve plexuses, chronic diseases and long-
term consequences of trauma of the peripheral 
nervous system, as listed in § 63 pkt. 1-3 of the 
above-mentioned appendix – 32.5% of subjects,
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subsequent years after emergency ejection; As-
sessment of psychological care after emergency 
ejection.

A signifi cant problem of the ex post factum anal-
ysis was the lack of full radiological documentation 
that was recorded immediately after emergency 
ejections. The available radiological examinations 
came from the subsequent years after emergency 
ejections; these examinations were performed as 
part of routine examinations of pilots.

Based on the preliminary psychological evalua-
tion, psychological trauma was more pronounced 
than physical trauma in some pilots. The descrip-
tions of psychological conditions of pilots imme-
diately after emergency ejections were very con-
densed, which made it diffi  cult to gain a thorough 
insight into the mental sphere of the pilots.

In the fourth stage, we performed a case-series 
study (with the use of data from the fi rst stage of 
analysis) and described 36 instances of emergency 
ejections with a special emphasis put on the health 
condition of the pilots. The analysis of health condi-
tion included the period immediately after emer-
gency ejections and the subsequent years of serv-
ice in the Air Forces (routine examinations carried 
out by aviation-medical committees).

Statistical analysis and methods of 
statistical reasoning

Study hypotheses:
1. Emergency ejection negatively infl uences he-

alth condition of pilots:
– with regard to neurological disease,
– with regard to the skeletomuscular system,
– with regard to trauma of the vertebral co-

lumn.
2. Health condition of pilots decreases with incre-

asing number of fl ight hours.
3. Health condition deteriorates with the age of 

pilots.
Taking into account the studied issue, the aim 

of the work and the posed research questions and 
hypotheses (regarding statistical reasoning), we 
employed a modifi ed experimental scheme. Be-
cause of ethical and material issues, we could not 
perform a typical experiment that would fulfi l the 
following theoretical assumptions:
– manipulation of the independent variable – 

i.e. emergency ejection,
– controlling for the infl uence on the remaining 

variables that could have a signifi cant impact 
on health – i.e. the main dependent variables,

– randomization – i.e. a random assignment of 
subjects to experimental and control groups.

ard deviation show that this variable had a low dis-
persion in the above-described age groups.

With such categorized variables, we analyzed 
their distributions with two variables in contin-
gency tables and the following independent vari-
ables – emergency ejection, total fl ight hours and 
age of subjects. We analyzed the distributions of 
variables with percentage profi les, statistical sig-
nifi cance and strength of association measured 
with coeffi  cients dedicated for nominal and ordi-
nal variables.

METHODS

Chart review
Initially, we analyzed the medical and military 

charts of the subjects, which included:
– personal details,
– medical history,
– military-medical opinion, aviation psychologi-

cal profi le after emergency ejection and before 
quitting military service or the most recent one 
in case of pilots who were still in service,

– description of reported symptoms after emer-
gency ejection,

– evaluation of health condition on the day of 
injury (specialist consults and results of diagno-
stic studies),

– psychological assessment performed immedia-
tely after emergency ejection,

– routine assessment chart with notes of the exa-
mining physicians,

– opinions of the Medicolegal Committees,
– consults of military aviation physicians.

In the second stage, we analyzed the current 
legal regulations that pertain to the Polish Air 
Forces:
– Journal of Laws and Decrees of the Minister of 

National Defense,
– “Flight safety instructions of the Polish Air Force 

for military aviation and the air traffi  c service”,
– “Scheme of conduct for deciding on one’s abili-

ty to continue military service in the Air Forces 
after emergency ejection” issued by the Head of 
the WKLSP.
In the third stage, we performed guided inter-

views with 10 pilots who performed emergency 
ejections. They were randomly selected out of 
36 pilots from the experimental group. The inter-
view included the six following evaluation criteria: 
Assessment of health condition before emergen-
cy ejection; Assessment of health condition after 
emergency ejection; Assessment of current health 
condition; Assessment of health care after emer-
gency ejection; Assessment of health care in the 
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syndromes. In contrast, based on the percentage 
profi les, such an association was found, i.e. chronic 
pain syndromes were more frequent in the group of 
pilots who performed emergency ejections (Tab. 2).

Based on the analysis of distributions of the 
emergency ejections and anxiety disorders, it can 
be concluded that emergency ejections were not 
signifi cantly associated with anxiety disorders. 
Based on percentage profi les (only 10% preva-
lence – 8 subjects), anxiety disorders are two times 
more frequent in the group of pilots who per-
formed emergency ejections (Tab. 3).

With a relatively frequent occurrence of verte-
bral abnormalities in the studied pilots, age does 

Therefore, we used a quasi-experimental design 
[6]. In the control group, we included randomly se-
lected pilots matched for age and fl ight experience 
who did not have any life-threatening events (n = 45).

Because of that, the study was carried out in an 
ex post factum model (in its confi rmatory form) [6], 
whereby, based on the gathered data, we tested the 
hypothesis that traumatic events (i.e. emergency 
ejection) negatively impact the health condition of 
pilots.

The key independent variable was the occurrence 
of emergency ejection. Moreover, we also gathered 
data that characterized the included subjects such 
as age, number of fl ight hours and type of most fre-
quently used aircraft, as these variable could also in-
fl uence the health of pilots. Health condition of pilots 
was the dependent variable, and it was measured 
with the number of diseases and ailments found in 
the studied pilots. Based on a preliminary analysis of 
health charts, there were 69 variables that described 
the health condition of pilots. These variables were 
categorized according to a classifi cation included in 
the list of diseases and ailments used for the assess-
ment of physical and psychological suitability for 
military service as part of the fl ying personnel, on-
ground personnel and engineering service (appen-
dix no. 3, Decree of the Minister of National Defense 
from May 10th 2004; i.e. on the assessing suitability 
for military service and on the military medical com-
mittees).

We analyzed the gathered data with IBM SPSS 
statistical software (version 19). We paid special 
attention when exploring the gathered data in 
the studied groups with statistical methods. For 
comparisons, we used the Mann-Whitney test for 
independent groups and Kruskal-Wallis test for 
more than two independent groups. In the case 
of nominal variables presented in contingency 
tables, we used the chi-squared test for assessing 
independence. For assessing the strength of asso-
ciation, we used nonparametric statistics suitable 
for nominal variables. Statistical signifi cance was 
considered at p≤ 0.05.

RESULTS

Assessment of health status of pilots – emer-
gency ejection and health status of studied pilots

Based on the analysis, emergency ejection was 
not signifi cantly associated with pathological 
changes in the vertebral column (Tab. 1).

Based on the analysis of distributions of the 
emergency ejections and chronic pain syndromes, 
it can be concluded that emergency ejections 
were not signifi cantly associated with chronic pain 

Group
Vertebral changes

In total
 Absent Present

Experimental
n 22 13 35

% 62.9% 37.1% 100.0%

Control 
n 29 16 45

% 64.4% 35.6% 100,0%

In total 
n 51 29 80

% 63.8% 36.3% 100.0%

Tab. 1.  Emergency ejection and occurrence of 
changes in the vertebral column (comparative 
data).

Group

Chronic radicular and 

nerve pain syndromes
In total

 Absent Present

Experimental
n 21 14 35

% 60.0% 40.0% 100.0%

Control 
n 33 12 45

% 73.3% 26.7% 100.0%

In total 
n 54 26 80

% 67.5% 32.5% 100.0%

Group

Anxiety disorders and 

maladaptive reactions
In total

 Absent Present

Experimental
n 30 5 35

% 85.7% 14.3% 100.0%

Control 
n 42 3 45

% 93.3% 6.7% 100.0%

In total 
n 72 8 80

% 90.0% 10.0% 100.0%

Tab. 2.  Emergency ejections and prevalence of 
chronic pain syndromes (comparative data).

Tab. 3.  Emergency ejection and prevalence of anxiety 
disorders (comparative data).

Person’s chi-square = 0.021 p = 0.884
Phi Φ = 0.016 p = 0.884

Pearson’s chi-square = 1.595 p = 0.207
Phi Φ = 0.141 p = 0.207

Pearson’s chi-square = 1.270 p = 0.260
Phi Φ = 0.126 p = 0.260
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Number of fl ight hours and health 
condition of studied pilots

Based on percentage profi les, vertebral abnor-
malities tend to occur more frequently in pilots 
with a low number of fl ight hours. The distribu-
tions are not signifi cantly diff erent (Tab. 7).

Number of fl ight hours does not have a signifi -
cant infl uence on the occurrence of chronic pain 
syndromes. The distributions are not signifi cantly 
diff erent (Tab. 8).

not predict their occurrence. The distributions are 
not signifi cantly diff erent (Tab. 4).

Based on percentage profi les, pain syndromes 
were much more frequent in pilots older than 50 
years. The distributions are nor signifi cantly diff er-
ent (Tab. 5).

Percentage profi les indicate a slight tendency 
for anxiety disorders and maladaptive reactions to 
occur more frequently in pilots up to the age of 
49 years. The distributions are not signifi cantly dif-
ferent (Tab. 6).

Age
Vertebral abnormalities

In total
 Absent Present

28-39 years
n 13 7 20

% 65.0% 35.0% 100.0%

40-49 years 
n 26 15 41

% 63.4% 36.6% 100.0%

50-58 years
n 12 7 19

% 63.2% 36.8% 100.0%

In total
n 51 29 80

% 63.8% 36.3% 100.0%

Age

Chronic pain and nervous 

syndromes
In total

 Absent Present

28-39 years
n 14 6 20

% 70.0% 30.0% 100.0%

40-49 years 
n 29 12 41

% 70.7% 29.3% 100.0%

50-58 years
n 11 8 19

% 57.9% 42.1% 100.0%

In total
n 54 26 80

% 67.5% 32.5% 100.0%

Age

Anxiety disorders and 

maladaptive reactions
In total

 Absent Present

28-39 years
n 18 2 20

% 90.0% 10.0% 100.0%

40-49 years 
n 36 5 41

% 87.8% 12.2% 100.0%

50-58 years
n 18 1 19

% 94.7% 5.3% 100.0%

In total
n 72 8 80

% 90.0% 10.0% 100.0%

Number of fl ight hours
Vertebral lesions

In total
 Absent Present

Low 
n 18 15 33

% 54.5% 45.5% 100.0%

Moderate 
n 22 9 31

% 71.0% 29.0% 100.0%

High 
n 11 5 16

% 68.8% 31.3% 100.0%

In total
n 51 29 80

% 63.8% 36.3% 100.0%

Number of fl ight hours
Chronic pain syndromes

In total
 Absent Present

Low 
n 21 12 33

% 63.6% 36.4% 100.0%

Moderate 
n 23 8 31

% 74.2% 25.8% 100.0%

High 
n 10 6 16

% 62.5% 37.5% 100.0%

In total
n 54 26 80

% 67.5% 32.5% 100.0%

Tab. 4.  Age of studied pilots and occurrence of 
vertebral abnormalities.

Tab. 5. Age and prevalence of chronic pain syndromes.

Tab. 6. Age and prevalence of anxiety disorders and 
maladaptive situational reactions.

Tab. 7. Number of fl ight hours and occurrence of 
vertebral lesions.

Tab. 8. Number of fl ight hours and occurrence of 
chronic pain syndromes.

Pearson’s chi-square = 0.018 p = 0.991
Phi Φ = 0.015 p = 0.991

Pearson’s chi-square = 1.051 p = 0.591
Phi Φ = 0.115 p = 0.591

Pearson’s chi-square = 0.693 p = 0.707
Phi Φ = 0.093 p = 0.707

Pearson’s chi-square = 2.082 p = 0.353
Phi Φ = 0.161 p = 0.353

Pearson’s chi-square = 1.040 p = 0.595
Phi Φ = 0.114 p = 0.595

Number of fl ight hours

Anxiety disorders and 

maladaptive reactions 
In total

 Absent Present

Low 
n 27 6 33

% 81.8% 18.2% 100.0%

Moderate 
n 30 1 31

% 96.8% 3.2% 100.0%

High 
n 15 1 16

% 93.8% 6.3% 100.0%

In total
n 72 8 80

% 90.0% 10.0% 100.0%

Tab. 9. Number of flight hours and occurrence of 
anxiety disorders and maladaptive reactions.

Pearson’s chi-square = 4.285 p = 0.117
Phi Φ = 0.231 p = 0.117
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of pilots without health impairment radically de-
creases with an increasing number of fl ight hours. 
The distributions are not signifi cantly diff erent 
(Tab. 12).

Based on the data presented in Table 13, emer-
gency ejection occurs more frequently in the two 
groups of younger pilots. The majority of pilots 
who performed emergency ejections (51.4%) are 
40-49 years old and 37.1% have 28-39 years. This 
might suggest an association between experience 
and emergency ejection. This association is statis-
tically signifi cant (Tab. 13).

Based on percentage profi les, anxiety disorders 
and maladaptive reactions tend to occur more 
frequently in pilots with a low number of fl ight 
hours. The distributions are not signifi cantly dif-
ferent (Tab. 9).

Age and health status of studied pilots
The level of health status impairment was meas-

ured with the number of diseases as follows; pilots 
with degree I of health impairment were those 
with 1-2 diseases; pilots with degree II health im-
pairment were those with 3 or more diseases and 
ailments. The distributions of health impairments 
between diff erent degrees of health impairment 
are signifi cantly diff erent. Moreover, a statistically 
signifi cant Kendall’s tau-c coeffi  cient (0.32) indi-
cates a relatively moderate strength of association 
between the variables presented in Table 10.

Based on data distribution in the experimental 
group, pilots who performed emergency ejec-
tions had good health, as in 60% of them no health 
defi cit was present; 5.5% of pilots had 1-2 diseases; 
34.5% had three or more diseases. This suggests 
that emergency ejection can favor the degree 
II health impairment.

As regard the control group, 84.4% of these 
pilots had some degree of health impairment; 
42.2% of them had 1-2 diseases and 3 or more dis-
eases, respectively. Based on the data presented 
in Table 14 emergency ejection does not have any 
infl uence on the health status of pilots. However, it 
should be kept in mind, as mentioned above, that 
emergency ejection can favor degree II health 
impairment. The data in Table 11 confi rmed that 
health deteriorates with age; the strength of this 
association is weak, but statistically signifi cant 
(Kendall’s tau-c=0.272).

Based on percentage profi les, there is an asso-
ciation between the number of fl ight hours and 
health impairment. This is especially clear in the 
group of healthy pilots, in whom the proportion 

Group

Health impairment  

In total
Healthy 

Degree I 

impairment 

Degree II 

impairment 

Experimental
n 21 2 12 35

% 60.0% 5.7% 34.3% 100.0%

Control 
n 7 19 19 45

% 15.6% 42.2% 42.2% 100.0%

In total
n 28 21 31 80

% 35.0% 26.3% 38.8% 100.0%

Age

Health impairment  

In total
Healthy 

Degree I 

impairment 

Degree II 

impairment 

28-39 years
n 11 3 6 20

% 55.0% 15.0% 30.0% 100.0%

40-49 years
n 15 13 13 41

% 36.6% 31.7% 31.7% 100.0%

50-58 years
n 2 5 12 19

% 10.5% 26.3% 63.2% 100.0%

In total
n 28 21 31 80

% 35.0% 26.3% 38.8% 100.0%

Number of fl ight 

hours

Health impairment  

In total
Healthy 

Degree I 

impairment 

Degree II 

impairment 

Low
n 15 5 13 33

% 45.5% 15.2% 39.4% 100.0%

Moderate
n 10 10 11 31

% 32.3% 32.3% 35.5% 100.0%

High
n 3 6 7 16

% 18.8% 37.5% 43.8% 100.0%

In total 
n 28 21 31 80

% 35.0% 26.3% 38.8% 100.0%

Group
Age categories  

In total
28-39 years 40-49 years 50-58 years

Experimental 
n 13 18 4 35

% 37.1% 51.4% 11.4% 100.0%

Control 
n 7 23 15 45

% 15.6% 51.1% 33.3% 100.0%

In total 
n 20 41 19 80

% 25.0% 51.3% 23.8% 100.0%

Tab. 10.  Emergency ejection and health impairment 
(comparative data).

Tab. 11.  Age and degree of health impairment.

Tab. 12. Number  of  f l ight  hours  and health 
impairment.

Tab. 13. Emergency ejection and age of studied pilots 
(comparative data).

Pearson’s chi-square = 21.427 p = 0.000
Kendall’s Tau-c = 0.316 p = 0.010

Pearson’s chi-square = 10.837 p = 0.028
Kendall’s Tau-c = 0.272 p = 0.003

Pearson’s chi-square = 5.243 p = 0.263
Kendall’s Tau-c = 0.256 p = 0.272

Pearson’s chi-square = 7.648 p = 0.022
Phi Φ = 0.309 p = 0.022
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time available to prepare a proper body position 
and set off  the ejection seat.

As regards the training of the of high-altitude 
rescue systems, it includes the requirement to get 
acquainted with technical details of ejection seats 
and proper safety conditions; moreover, psycho-
logical training and on-ground practice ejections 
with the UTKZ device and the MK-11 simulator 
are obligatory. The aim of the on-ground practice 
ejections is to use the device quickly and to learn 
to accept the fact that ejection devices are reliable 
and safe. Pilots learn the proper positioning that 
reduces the impact of large g-forces. However, it is 
certain that the psychological condition of pilots 
is the key factor that modifi es their reactions.

Currently, pilots meet with psychologists only 
during routine examinations. A system of psy-
chological help that could minimize the negative 
impact of emergency ejections on personal and 
professional life has not been organized. Among 
pilots who have severe bodily injuries or experi-
ence emotional or somatization disorders, the 
most frequent problems include alcoholism [11], 
reduction of occupational activity (reduction of 
fl ight groups), cessation of fl ying, sleep disorders 
and increased defense mechanisms. The job of 
the many psychologists of the MIAM is limited 
only to standard tests and studies. We are lack-
ing in training and talks carried out in the military 
units (carried out only recently) and referring to 
operational risks and the role of the human fac-
tor in aviation events. During these trainings, pi-
lots are prepared theoretically for situations that 
could astonish them in the air.

The bodily injuries that are incurred during 
emergency ejection are often due to safety mech-
anisms implemented in the seats and additional 
equipment of the pilot. The quality of these inju-
ries infl uences the way of treatment and conse-
quently the time of recovery and return to avia-
tion service. Based on a developed medicolegal 
scheme, after discharge from hospital, pilots can 
be referred to a sanatorium. However, since the 
military health service was incorporated in the 
National Health Fund services, there are diffi  cul-
ties with fi nding placements in sanatoria (pilots 
are qualifi ed according to the same criteria as pa-
tients covered by the services of the NHF).

Military Committee of Air Forces and Military 
Medicolegal Committees decide on a 30-day 
unfi tness for aviation service in order to make it 
possible for pilots to recover with the help of local 
health care institutions. However, often, this is not 
done in the right way in the institutions covered 
by the NHF.

Based on Table 14, emergency ejection is per-
formed more frequently by pilots with lower num-
bers of fl ight hours. This relationship is statistically 
signifi cant.

DISCUSSION

Despite the advancement of aviation tech-
nologies, it is impossible to avoid all emergency 
situations that can lead to emergency ejections 
[3,5,7,10,16,18,28,31-35,37,44,47,48]. The increasing 
role played by new technical and informational so-
lutions limits the role of human factor in the proc-
ess of ejection, which remains the major cause of 
aviation disasters [22,23,38,42]. A number of solu-
tions applied in the construction of the ejection 
seats are in place to reduce the risk of death and 
injuries. Aviation health care analyzes every case 
of emergency ejection with regard to its health 
consequences to the pilot, mechanisms of injury, 
eff ectiveness of emergency systems, hospital pro-
cedures and the scheme of action for medicole-
gal personnel who decides on the fate of the pilot 
[9,21,24].

The process of selecting candidates for military 
aviation needs to take into account not only the 
physical state but also the psychological condi-
tion [14,19,20,22,25,26,29,53]. Emergency ejec-
tion is a consequence of a quick decision that is 
not preceded by a detailed analysis of the current 
situation. Moreover, this can be further interfered 
by the necessity to communicate with air traffi  c 
management. This burden as well as fear of one’s 
own life and of the aircraft negatively infl uence 
the pilots’ psychological state. There are emo-
tional reactions that impact on further occupa-
tional and personal activities of pilots. Based on 
a number of studies and observations, people are 
in a state of strong emotional arousal in situations 
that endanger their lives [11-15,36,41]; the actions 
of people are then imprecise, and reaction times 
are prolonged, which is very negative with regard 
to emergency ejection because of the decreased 

Group
Number of fl ight hours   

In total
Low Moderate High 

Experimental 
n 19 13 3 35

% 54.3% 37.1% 8.6% 100.0%

Control 
n 14 18 13 45

% 31.1% 40.0% 28.9% 100.0%

In total 
n 33 31 16 80

% 41.3% 38.8% 20.0% 100.0%

Tab. 14.  Emergency ejection and number of flight 
hours (comparative data).

Pearson’s chi-square = 6.668 p = 0.036
Phi Φ = 0.289 p = 0.036
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Interestingly, Kozlowski [27] found that, imme-
diately after ejection or during hospitalization, 
pilots did not report any symptoms, but imaging 
studies show early degenerative changes in the 
vertebral column. After 48-72 hours, pain in the 
vertebral area tended to increase but was transient. 
This suggests a stretching injury of the ligaments 
and muscles. The above-mentioned injuries were 
classifi ed as clinically silent. In my opinion, they 
did not have any infl uence on the career of pilots 
and it can be suspected that routine examinations 
performed after many years were similar as in the 
case of average pilots who never performed emer-
gency ejections. This can also explain the results 
presented herein, whereby pilots who performed 
emergency ejections usually hade degree II health 
impairment.

Health status assessment – characteristics 
of injuries

Based on the research presented herein, emer-
gency ejections were not signifi cantly associated 
with vertebral changes. However, based on per-
centage profi les, chronic pain syndromes are more 
frequent among pilots who performed emergen-
cy ejections.

In the group of pilots who performed emergen-
cy ejections, 60% of cases did not have any health 
defi cit, which indicates a relatively good health 
condition. Interestingly, 5.7% had 1-2 diseases 
and 34.5% had 3 or more diseases. This can sug-
gest that emergency ejections can favor degree 
II health impairment.

As regards the control group, degree I or de-
gree II health impairment was present in 84.4% of 
pilots. This indicates that emergency ejection does 
not have any infl uence on the health condition 
of pilots; at the same time, emergency ejections 
can favor degree II health impairment. Therefore, 
these pilots require constant monitoring of their 
psychophysical state; moreover, they need pro-
phylactic treatment (physical therapy after fl ights, 
treatment in sanatoria, health leaves, etc.).

According to Kozlowski [27], who studied inju-
ries in pilots who performed emergency ejections 
in a 26-year period (1980-2005), “the largest group 
of injuries was constituted by mild injuries (47%), 
primarily in the lower and upper extremities. Mild 
injuries had a local character and did not have any 
infl uence on the careers of pilots. Severe injuries 
had the greatest impact on pilot’s careers. Sever 
injuries constituted 23% of all injuries, and 75% of 
them were found in the vertebral column (43% - 
injuries of the intervertebral discs, 27% - vertebral 
fractures in the thoracic and lumbar segment (Th-

Based on the case series study presented here-
in, mild injuries that were incurred after emergen-
cy ejections or injuries that were not recognized 
immediately after ejection led to unfi tness for mil-
itary service in the long-term. Severe injuries (in-
cluding psychological trauma) immediately led to 
cessation of aviation service in spite of treatment. 
Moderate injuries (mainly vertebral injuries) led to 
overload pain syndromes. The crucial period in 
which symptoms are revealed by the pilots is the 
time before cessation of service or periods in which 
the fl ight group has to be decreased because of 
“professional” reasons. Under such circumstances, 
pilots often admit to having symptoms during 
routine examinations and undergo more detailed 
diagnostic investigations. Pilots who are at the 
beginning of their career tend not to report the 
above-mentioned symptoms. It could be inferred 
that experienced pilots with a high number of 
fl ight hours tend to incur a larger number of in-
juries (both physical and psychological); however, 
the motivation for further military service prob-
ably plays here a greater role [29,39,41].

Guided interviews
A subjective evaluation of pilots’ own health 

after emergency ejections was dependent on the 
degree of incurred injuries, intensity of pain and 
stressful situations related to treatment; it ranged 
between 1 and 10 points and was obviously the 
greatest in pilots who did not incur any injuries. 
Health care services were assessed the best by 
pilots who incurred the greatest injuries and re-
quired long-term health care or surgery. The as-
sessment of psychological care was high (9-10 
points in the majority of pilots). The studied pilots 
underlined the professionalism of psychologists 
and the necessity of psychological support. In di-
rect talks, pilots also suggested that psychological 
support should be provided to their families.

Taking into account the possibility of dissimula-
tion and “clinically silent” diseases [27], in the case 
of pilots who performed emergency ejections, 
the medicolegal committees (WKLSP and WKLL) 
extended the diagnostic procedures. Regardless 
of the presence of pain, pilots undergo an x-ray 
of the vertebral column every 5 years. In pilots 
who report pain, relevant diagnostic studies and 
specialist medical consults are performed during 
routine examinations. In diffi  cult medicolegal cas-
es, the committees ask for the opinions of the na-
tional consultants. This enables proper decision-
making with respect to the fate of the pilot and his 
potential health impairment.
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In our own research, we found the occurrence 
of emotional reactions described as posttraumat-
ic stress disorder (diff erent intensities) in pilots 
[18,23,40,43].

CONCLUSIONS

1. Based on the research presented herein, both 
mild and severe injuries related to emergency 
ejection led to unfi tness for military service in 
the long-term. The pilots’ subjective evaluation 
of their own health status was dependent on 
the degree of injury.

2. Moderate injuries, mainly injuries of the verte-
bral column, led to overload pain syndromes in 
the long-term.

3. Based on the analysis of distributions of varia-
bles, pilots who performed emergency ejec-
tions had a relatively good health condition; 
60% did not have any health defi cit, and in the 
control group, 84.4% of pilots had health impa-
irment.

4. Severity of injuries has an infl uence on the way 
of treatment and consequently on the time 
of recovery and return to aviation service. The 
developed medicolegal scheme recommends 
further care in sanatoria after hospitalization.

L), 12% - injuries of ligaments with vertebral insta-
bility). The vertebral bodies Th6, Th8 and Th9 were 
fractured most commonly. Th6 and Th8 fractures 
were parts of multilevel fractures, whereas Th9 
fractures were usually isolated. Fractures of the 
shoulder and injuries of the muscular-tendinous 
unit (biceps and Achilles tendon) constituted 5% 
of severe injuries; 4% of severe injuries were con-
stituted by fractures of the extremities and 2% by 
fractures of the pelvis and injuries of knee liga-
ments”.

It was found that emergency ejections were 
performed by younger pilots; the majority had 
40-49 years, and 37.1% had 28-39 years. This can 
suggest a specifi c relationship between experi-
ence and emergency ejections (this relationship 
was statistically signifi cant).

It was also found that emergency ejections are 
more frequent in pilots with a lower number of 
fl ight hours. This relationship was statistically sig-
nifi cant. Similarly, according to Kozlowski [27], the 
largest number of emergency ejections was found 
among pilots aged 25-30 years who had 500-1000 
of fl ight hours (they used the zero-zero ejection 
seats).

AUTHORS’ DECLARATION: 

Study Design: Tomasz Kozicki; Data Collection: Tomasz Kozicki; Manuscript Preparation: Tomasz 
Kozicki; Funds Collection: Tomasz Kozicki. The Author declares that there is no confl ict of interest.

REFERENCES

 Achimowicz J, Truszczyński O. (red): Psychophysiological Aspects of Flight Safety in Aerospace Operations, WIML-NASA Work-1. 
shop, Warszawa 2011.

 Arbuckle N, Nemeth K, Earl K, Quill L. Cognitive tools to support evaluation of the stressors of fl ight. Aviat Space and Environ  2. 
Med 2011; 3: 239.

 Bembnowski B, Falkowski J. Podłużne złamanie trzonów kręgowych w płaszczyźnie czołowej u pilota w czasie katapultowania. 3. 
Medycyna Lotnicza 1984; 83: 48-51.

 Biernacki M, Kowalczuk K, Truszczyński O, Wojtkowiak M. Wpływ przeciążeń  +Gz na odtwarzanie materiału wzrokowo-prze-4. 
strzennego z pamięci. PPML 2009, 4: 413-420. 

 Borkowski J, Ryzyko lotnicze. PWLOP 1995; 12: 33-38.5. 

 Brzeziński J. Metodologia badań psychologicznych. PWN, Warszawa 2007.6. 

 Constable SH, Miarecki SC. All weather terperature effects on human factors associated fi ghter aircraft mishaps and incidents. 7. 
Aviat Space and Environ  Med 2011; 3: 240-241.

 Damon AM, Lessley DJ, Salzar RS, Bass CR, Shen FH, Paskoff GR, Shender BS. Kinematic Response of the Spine During 8. 
Simulated Aircraft Ejections.  Aviat Space and Environ  Med 2010; 5: 453-459. 



16 | 2016 | Volume 22 | Issue 2 |    www.pjambp.com

Original Article

 Desviat PV, Benavides BE, Lopez JAL, Rios-Tejada F, Barcena A, Alvarez-Sala F, Rodriguez CA. Surgical Correction of Disc 9. 
Pathology in Fighter Pilots: A Review of 14 Cases. Aviat Space and Environ  Med 2007; 8: 784-788.

 Domaszuk J, Markiewicz L. W sprawie katapultowania treningowego. Medycyna Lotnicza 1982; 77: 57-59.10. 

 Florkowski A, Górski H, Jarosz J. Próby samobójcze u pilotów w przebiegu ostrej omamicy alkoholowej. Medycyna Lotnicza 11. 
1983;72: 50-55.

 Friedensberg W. Urazy powstające u pilotów podczas katapultowania. Medycyna Lotnicza 1965; 16: 5-37.12. 

 Gajewski W. Analiza urazowości podczas katapultowania. Praca doktorska, WIML, Warszawa 1974.13. 

 Gould RK. Syncope as the fi rst sign of complete heart block in a military aviator. Aviat Spac and Environ  Med 2010; 4: 431-14. 
432.

 Hawkins-Gilligan J, Dygdon JA, Conger AJ. Examining the nature of fear fl ying. Aviat Spac and Environ  Med 2011; 82: 964-15. 
971.

 Hermes EDA, Webb TS. Aircraft type and other risk factors for spinal disorders: data from 19,673 military cockpit aircrew. 16. 
Aviat Space and Environ Med 2010; 9: 850-856.

 Instrukcja. Ogólne zasady orzecznictwa lotniczo-lekarskiego, zakresy oraz metodyka badań lotniczo-lekarskich personelu 17. 
lotniczego Sił Zbrojnych RP (Projekt),WIML, Warszawa 2011.

 Jasiński T, Turek M. Zespół stresu pourazowego jako konsekwencja psychologiczna awaryjnego opuszczania samolotu. PWLOP 18. 
2003; 10: 41-46.

 Jendyk M. Zmiany zawartości niektórych składników moczu pod wpływem ćwiczeń na loopingu i podczas katapultowania. 19. 
Lek. Wojsk. 1965; 9: 735-744.

 James MR. Spinal fracture associated with ejection from jet aircraft:two case reports and review. Arch Emerg Med 1991; 8: 20. 
240-244.

 Kang S, Hwang S, Lee ET, Yang S, Park J. Measuring the accumulative effect of G force on aviator neck pain. Aviat Space 21. 
and Environ  Med 2011; 82: 1042-1048.

 Kaczorowski Z, Stablewski R, Kalinowski D, Michalik M, Rozlau P. Zastosowanie klinicznej techniki wideonystagmografi cznej 22. 
dla potrzeb orzecznictwa lotniczo-lekarskiego i diagnostyki. PPML 2007; 2: 153-172. 

 Klukowski KS, Truszczyński OE, Kowalski WG. Rola czynnika ludzkiego w bezpieczeństwie lotów – doświadczenia lotnictwa 23. 
wojskowego. W: Medycyna wypadków w transporcie. PZWL, Warszawa 2005; 203-222.

 Kopka L, Zawadzka-Bartczak E. Niema choroba wieńcowa u pilotów Polskich Sił Powietrznych w ocenie retrospektywnej. 24. 
PPML 2006, 4: 323-334.

 Kopka L, Zawadzka-Bartczak E, Orzeł A. Badanie zależności między wybranymi parametrami elektrokardiografi cznej próby 25. 
wysiłkowej, a tolerancji przyspieszeń + Gz. Doniesienie wstępne. PPML 2007; 3: 295-302. 

 Kopka L. Nowa klasyfi kacja ciśnienia tętniczego – czyżby konfl ikt priorytetów orzeczniczo-lotniczych i lekarskich dotyczący 26. 
pilotów i kandydatów do służby na samolotach wysoko-manewrowych? PPML 2008; 1: 83-92.

 Kozłowski T. Analiza urazowości układu kostno-stawowego u pilotów w wyniku katapultowania. Praca doktorska. WIML, 27. 
Warszawa 2008.

 Kubiak J. W cieniu ryzyka. PWLOP 1995; 3: 20-28.28. 

 Maciejczyk J, Dubicki T. Wpływ awaryjnego katapultowania na motywację zawodowa pilotów. Medycyna Lotnicza1988; 101: 29. 
30-35.

 McCarthy GW, Craig KD. Flying therapy for fl ying phopia. Aviat Space and Environ  Med 1995; 12: 1179-1184.30. 

 Milanow L. Aircrew ejection in the Rebublic Bulgaria. Aviat Space and Environ  Med 1996; 67(4): 364-368.31. 

 Moneta J. Lizozymuria jako wykładnik uszkodzenia części składowych nefronu po katapultowaniu. Medycyna lotnicza 1975; 32. 
48: 9-20.

 Nakamura A. Ejection experience 1956-2004 in Japan: an epidemiological study. Aviat Space and Environ  Med 2007; 78: 33. 
54-57.

 Newmann DG. The ejection experience of the Royal Australian Air Force 1951-1992. Aviat Space and Environ  Med 1995; 34. 
66: 45-49.

 Ogata K, Takada K, Fujita M. Did the improvement of the physical examination restrain the number of the aviation accidents? 35. 
Aviat Space and Environ  Med 2011; 3: 240.

 Schmidt RM, Robinson TB, Goodyear CD, Shiyanov PA. Negative emotion modulation of cognitive control. Aviat Space and 36. 
Environ  Med 2011; 3: 238.

 Szajnar S, Wojtkowiak M. Problemy bezpieczeństwa załogi statku powietrznego w sytuacjach awaryjnych. Warszawa 1999.37. 



© The Polish Journal of Aviation Medicine, Bioengineering and Psychology    2016 | Volume 22 | Issue 2 | 17

T. Kozicki - Long-term health...

 Tenerowicz J. Charakterystyka ilościowa błędu pilota w świetle katastrof i wypadków lotniczych. Biuletyn WOSL 1994; 2(65): 38. 
12-30.

 Terelak JF, Szczechura J. Ocena stanu psychicznego załogi statku powietrznego przed wypadkiem i po zaistnieniu zagrożenia. 39. 
PPML 1998; 3(4): 311-320.

 Terelak JF. Jońca M. Aktywność jako cecha temperamentu a strategie radzenia sobie ze stresem u pilotów wojskowych. PPML 40. 
2008; 4: 361-370.

 Terelak JF. Modele teoretyczne sytuacji ekstremalnych. PPML 2009; 3: 321-338.41. 

 Truszczyński O. Czynnik ludzki w zdarzeniu lotniczym. PPML 2002; 1(8): 27-33.42. 

 Turski B. (red.). Opracowanie zakresów badań wstępnych, okresowych, okolicznościowych dla wojskowego personelu lotni-43. 
czego. WIML, Warszawa, Postępy Medycyny Lotniczej 2008; 1(15): 1-154.

 Werner U. Ejection associated injuries within the German Air Force. Aviat Space and Environ  Med 1999; 70: 1230-1234.44. 

 Więckowski S, Kowalczuk K, Wojtkowiak M. Badania granicy tolerancji przyspieszeń w wirówce u podchorążych WSOSP w 45. 
latach 2007-2008 w porównaniu do lat 1994-2000. PPML 2009; 4: 405-412.

 Wojtkowiak M, Podgórski J. Wpływ katapultowania treningowego na zmiany w moczu. Medycyna Lotnicza 1971; 34: 89-94.46. 

 Wojtkowiak M, Domaszuk J. Wpływ pozycji pilota na urazy kręgosłupa podczas katapultowania. Medycyna Lotnicza 1973; 47. 
42: 5-14.

 Wojtkowiak M, Domaszuk J. Problemy bezpiecznego katapultowania przy dużych prędkościach i na dużych wysokościach. 48. 
Medycyna Lotnicza 1974; 43: 39-51.

 Wojtkowiak M, Jasiński T. Psychologiczne problemy awaryjnego i treningowego katapultowania. PPML 2000; 6(1): 43-49.49. 

 Wojtkowiak M, Jasiński T. Analiza katapultowań w aspekcie przyczyn i występowania obrażeń ciała w lotnictwie polskim w 50. 
latach 1988-1998. PPML 2002; 8(4): 361-368.

 Wojtkowiak M, Albery W, Bolia A, Domin A. Badania porównawcze ubiorów przeciw przeciążeniowych w wirówce polskiej. 51. 
PPML 2006; 3: 227-238. 

 Wojtkowiak M, Mikuliszyn R. Skojarzone działanie różnokierunkowych przyspieszeń na ustrój pilota stwarzanych przez samoloty 52. 
o zmiennych ustawieniach dysz wylotowych. PPML 2008; 3: 277-282.

 Zawadzka-Bartczak E, Kopka L. Cardiac arrhythmias during aerobatic fl ight and it’s simulation on a centrifuge. Aviat Space 53. 
and Environ  Med 2011; 6: 599-603.

 Zakrzewska E. Badania naukowe prowadzone na treningowych urządzeniach katapultowych w Wojskowym Instytucie Medycyny 54. 
lotniczej – rys historyczny. PPML 2009; 2(15): 193-204.

ACKNOWLEDGEMENTS

The views, opinions, and fi ndings contained in this article are our own and should not be construed 
as an offi  cial Polish Air Force position, policy, or decision, unless so designated by other offi  cial docu-
mentation.

Cite this article as: Kozicki T. Long-Term Health Effects Ejection from Aircraft in Military Pilots. Pol J Aviat Med Bioeng Psychol 2016; 

22(2): 5-17. DOI: 10.13174/pjambp.31.12.2016.01


