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Integrating discoveries in military technology into civilian applications represents one 
of the most common combinations, since these include the technologies developed to, 
among other things, improve the bodily functions in extreme conditions. In addition, 
aviation technology is characterized by such parameters as lightness, ergonomics and 
durability. Adaptation of fl ight or space suits represents the application of solutions that 
in their original purpose were dedicated to enhance human capabilities under altered 
pressure and gravitational conditions. These suits, when properly adjusted, can be used 
in the rehabilitation of patients with neurological or orthopaedic defi cits. The purpose 
of this publication is to show the most commonly adapted solutions based on HAP suits 
and space suits, as well as to demonstrate the process of adapting HAP (High Altitude 
Protection) suits of WUK 90 type (Type 90 High Altitude Pressure Suits) for therapy pur-
poses. In rehabilitation applications, these suits are suitable for adaptation in therapy 
where the technical parameters of the devices allow to explore completely diff erent 
therapeutic possibilities. Such devices, however, require adaptation to the needs of 
disabled people with orthopaedic injuries or mental disorders and specifi c conditions 
for rehabilitation, as was the case with the WUK suit, which after introducing technical 
modifi cations and adaptation solutions was given the name R-WUK (abbreviated from 
the Polish name “Rehabilitacyjny Wysokościowy Ubiór Kompensacyjny” (Rehabilitation 
High Altitude Pressure Suit).
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INTRODUCTION

The use of military technology solutions for 
civilian purposes represents a certain regularity. 
Elements of technological solutions that directly 
or indirectly derive from military applications are 
quite often found in other areas of everyday life, 
be it automotive, emergency medicine or cloth-
ing. This is associated with far greater funding 
for the development of solutions to increase the 
chances of human survival in extreme conditions, 
to raise the physiological capabilities of the body, 
or to reduce the advantage of the enemy. In this 
regard, at the forefront of modern solutions in the 
fi eld of health and life protection are solutions 
from aviation technology, which are character-
ized by strength, lightness, ergonomics, as well 
as reliability. These elements provide inspiration 
for adapting technical solutions in everyday life. 
These were the very attributes that that have 
brought these solutions to rehabilitation, where 
lightness and durability of materials, design reli-
ability and specifi city of application play an im-
portant role. Yet sometimes the inclusion of space 
or aerospace technology comes nowhere near its 
principal application, e.g. space suits or G-suits 
designed to counteract the eff ects of prolonged 
lack of gravity or to counteract G-force or protect 
against the eff ects of reduced atmospheric pres-
sure [17] have found their way into rehabilitation. 
The purpose of this article is to show the process 
of adapting HAP suits of the WUK-90 type (High 
Altitude Pressure Suits) for rehabilitation purposes 
as well as to show the most commonly adapted 
solutions based on HAP suits and space suits.

The fi rst attempts to create pressure suits for 
aviators date back to 1934, and their creator was 
American pilot Wiley Hardeman Post, who went 
down in aviation history as a pioneer of strato-
spheric fl ight. The design itself resembled a clas-
sic diver’s more than a pilot’s outfi t [14,10]. Work 
on clothing to reduce the negative eff ects of in-
creased G-forces as well as thin atmosphere in-
tensifi ed during World War II. During this period, 
two directions of solutions clashed, the essence 
of which can be summarized as pneumatic and 
hydrodynamic directions. Water-based suits, due 
to their weight, lost the race to air-based suits at 
the time [3]. However, the greatest development 
of this type of clothing was forced by the use of 
jet propulsion in aviation, which was character-
ized by an increase in G-forces and an increase in 
the ceiling of combat aircraft. Spacesuit solutions 
developed in the period of space conquest where 
attempts were made to go into open space as well 

as to keep astronauts in a state of microgravity for 
a long time represent yet another category.

Space suit (Fig. 1) was primarily aimed at pre-
venting loss of muscle and bone mass in cosmo-
nauts, which, in a state of reduced or no gravity, 
made long-term space fl ight impossible. In addi-
tion, these factors made it necessary for cosmo-
nauts to undergo rehabilitation after returning to 
earth [18]. The introduction of pressure solutions, 
or forcing muscles to work to prevent atrophy, has 
reduced this problem, allowing for longer space 
fl ight times. The assumptions of appropriate mus-
cle tension and its correction, which was made 
possible by the PENGUIN suit, formed the basis 
for the adaptation of these suits for rehabilitation 
purposes (Fig. 2).

Fig. 1.  PENGUIN space suit [5].

The introduction of the use of spacesuits in 
therapy is to be traced back to the measures taken 
by the Russians with regard to cosmonauts who 
were in a state of microgravity for an extended 
period of time. The suits used in the rehabilitation 
of cosmonauts were designed to enhance muscle 
strength. This aspect attracted the attention and 
interest of the physiotherapist and led to the idea 
of using spacesuits in the therapy of patients with 
disabilities, especially those with cerebral palsy. 
These eff orts led to the adaptation of the inner 
part of the PENGUIN-type space suit and the crea-
tion of a commercial version called the ADELI suit 
[3]. This suit (Fig. 3) is based on a system of elastic 
bands and pulleys that enhance the patient’s abil-
ity to move in a controlled manner. The main goal 
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correct movement patterns [13]. These suits have 
resulted in accelerating as well as enhancing the 
eff ects of the rehabilitation process. The solutions 
used in the ADELI suit have lived to see many 
similar developments around the world, such as 
THERASUIT or SPIDERSUIT.

Adaptations were also made to HAP-type fl ight 
suits, which were given the trade name ATLANT. 
Their construction is similar to the WUK suit based 
on a winch pull suit design [9]. This suit (Fig. 4), 
due to its design, allows only very limited move-
ments or exercises. These limitations are due to 
the structure of the suit itself, as the winch-type 
structure used is infl ated pneumatically and this 
results in limited mobility in the limb joints. In 
addition, the authors of the ATLANT suit used a 
head position regulator hooked up to the suit to 
prevent the head from drooping. This system sig-
nifi cantly limits the fl exion of the trunk or limbs, 
creating a kind of frame, which has a signifi cant 
impact on the on the applicability of physiothera-
py techniques for patients with neurological defi -
cits. The main fi eld of application according to the 
originators of the ATLANT suit is the therapy of 
patients with cerebral palsy [8].

Another problem associated with the use of 
suits of this type is the physiological response of 
the body to increased pressure, which results in 
increased blood pressure and increased heart rate 
[1,2]. This problem is not addressed in the process 
of using the ATLANT rehabilitation suit. 

inspiring the adaptation of the suit for rehabilita-
tion purposes was the possibility of strengthening 
muscle movement or counteracting uncontrolled 
muscle tension, which in the case of cerebral palsy 
patients prevents the execution and learning of 

Fig. 2. PENGUIN suit elastic bands and pulleys 
system [5].

Fig. 3.  ADELI rehabilitation suit [3].

Fig. 4.  ATLANT rehabilitation suit [4].
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Tactical Air Base. In addition, research approval 
No. 13/2015 has been received from the Bioeth-
ics Committee on Human Research at the Mili-
tary Institute of Aviation Medicine on “The use of 
WUK High Altitude Pressure Suits in the therapy 
of patients with neurological defi cits” as well as 
the subsequent extension No. 11/2021 “The use 
of WUK High Altitude Pressure Suits and NEURES 
suits in the therapy of patients with neurological 
defi cits and psychiatric disorders.”

The main task within the framework of the un-
dertaken research was to adapt the WUK-90 suits 
for the purposes of the undertaken research and 
to prepare them for conducting therapy given the 
diff erent scope of application of the WUK suits in 
the normal way as well as the specifi cs of working 
with neurological patients. It consisted in adapt-
ing the pneumatic system in such a way that kine-
sitherapy could be conducted while keeping the 
structural system of the system intact (Fig. 5).

The adapted suit features ¼-inch valves that al-
lowed pressure to be applied to the suit. Closing 
valves were used to ensure the tightness of the 
system. This made it possible to disconnect the 
suit from the external power supply and perform 

ADAPTATION OF WUK-90 FOR 

REHABILITATION PURPOSES

The WUK-90 is a High Altitude Pressure Suit, 
which was developed for aviation by Lucjan Golec, 
PhD, at the Military Institute of Aviation Medicine 
[16]. Its task is to brace the body and prevent or 
reduce the movement of blood between the pi-
lot’s head and the rest of the body. At the same 
time, the suit is intended to provide protection for 
the pilot’s body from the atmospheric pressure 
drop factor in the event of sudden cabin decom-
pression or if the pilot leaves the cabin at high al-
titudes. Large changes in the pressure range carry 
the risk of lung tissue expansion or even rupture, 
so there is a need for external chest compression 
to balance intrapulmonary pressure [15]. Second, 
at even higher altitudes – around 18-19,000 m 
(60–62,000 ft.) the risk of boiling body fl uids is pre-
sent. At a pressure of about 47 mmHg water, and 
thus body fl uids begin to boil at human body tem-
perature, which would quickly lead to tissue de-
struction [10]. The design of WUK suits allows for 
an increase in G-force tolerance of about 1.5-2 G.

Approval was obtained from the Ministry of 
Defence and the Air Force Command for the use 
of WUK-90 suits for research and rehabilitation 
purposes. They were made available by the 23rd 

Fig. 5.  Pneumatic system of the WUK-90 suit (A – altitude circuit, B – G-force circuit).
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process, is too long a time and would prevent or 
at least signifi cantly limit the use of the WUK-90 
suit in conducting research. The time defi cits in-
volved in conducting rehabilitation have neces-
sitated changes allowing the suit to be quickly 
fi tted to the patient, as well as to be subsequently 
untied. To this end, single-segment sections were 
converted into multi-segment sections and, for 
easier lacing, they were divided by colour (Fig. 7). 
In addition, the lacing was fi nished with an ad-
juster. These changes made it possible to reduce 
the suit fi tting time to 5 minutes. After the modi-
fi cations, the WUK-90 suit was named R-WUK, ab-
breviated from the Polish name “Rehabilitacyjny 
Wysokościowy Ubiór Kompensacyjny” (Rehabili-
tation High Altitude Pressure Suit).

A separate issue was to design a pressure sup-
ply that would allow easy fi lling of the suit’s pneu-
matic system. For this purpose, a compressor with 
a pressure gauge has been developed, powered 
by 230V as well as a 12V battery (Fig. 8).

Hoping to obtain information on the pressures 
that the suit exerts on the pilot’s body at specifi c 
values of pressure in the pneumatic system, an 
inquiry was made to the Air Pol Legionowo Com-
pany being the manufacturer of these pressure 
suits. It turned out that this manufacturer had 
never conducted such research. Since the issue 
of exerted pressure is crucial to the safety of us-
ing WUK-90 suits in rehabilitation, it was decided 
to conduct empirical studies on healthy patients 
while conducting other research.

A two-wire arm cuff  with an attached mercury 
manometer and a “bulb” was used to conduct the 

exercises without a permanent connection to the 
pneumatic system limiting the patient’s mobility 
(Fig. 6).

The WUK-90 suit has a lacing system designed 
for individual adjustment by the pilot. It allows for 
a one-time, yet long-lasting suit adjustment (pro-
vided there is no change in weight), performed by 
the technician. Individual fi tting takes about 2-3 
hours each time, which, given the rehabilitation 

Fig. 7.  R-WUK suit lacing (multi-segment section 
with colour division).

Fig. 6.  Replacement of pressure connectors in the 
WUK-90 suit (I – the system used in the WUK-
90 suit, II – the system used in the R-WUK suit, 
A – quick connector ¼”, B – shut-off  valve ¼”, 
C – plug ¼”).

Fig. 8.  The compressor for fi lling the R-WUK suit.



© The Polish Journal of Aviation Medicine, Bioengineering and Psychology    2020 | Volume 26 | Issue 1 | 47

Abakumow M. et al. - Adaptation of WUK-90...

An additional limitation of the use of the WUK-
90 and therefore R-WUK adaptive version of the 
suits is their size, the main element of which is the 
patient’s height and BMI. For pilots, it is possible to 
use special sizes, i.e. tailor-made suits (for a specifi c 
pilot). R-WUK rehabilitation suits are designed for 
patients with standard BMI, and their height sizes 
range from 160 to 185 cm. In the case of normal 
human development, it eliminates patients under 
13 years of age and patients over 185 cm tall [7].

CONCLUSION

The designs of the suits, which originated in 
aviation or aerospace, make it possible to adapt 
them for the purpose of conducting therapy with 
patients who have various defi cits resulting from 
neurological, orthopaedic or psychiatric disor-
ders. The parameters resulting from the design of 
the WUK-90 suits, as well as the adapted version 
of the R-WUK, are details that aff ect the conduct 
of therapeutic activities, reducing the time to pre-
pare the equipment for operation and improv-
ing ergonomics. Elements that limit the motion 
range or changes in physiological parameters of 
the body that endanger the patient must be taken 
into account and incorporated into the design of 
the new suit, which will fulfi l the specifi cs of con-
ducting physical therapy of neurological patients 
or patients with mental disorders. Research work 
with the R-WUK suit made it possible to carry out 
studies to determine the methodology of working 
with the patient, to delineate operating parame-
ters, to develop safety rules, to specify the level of 
risks and, in particular, contraindications to thera-
py [1,2]. At the same time, research on the R-WUK 
suit has made it possible to delineate the area of 
major disease entities for which suit therapy can 
be eff ective or will produce the desired therapeu-
tic eff ects.

study. The gauge’s measuring range was from 0 
to 300 mmHg. The cuff  was placed in the front of 
the WUK on the forearm between the lacing of the 
suit and the pressure hoses. 

The study involved 17 subjects, on whom the 
pressure exerted by the suit on the patient was 
measured. The experiment was conducted while 
studying the safety of the suits on control patients 
[1]. The test consisted of infl ating the cuff  to a 
level of 15 mmHg and then applying pressure to 
the main circuit. The cuff  reading was given in 10 
mmHg increments starting at a value of 20 mmHg. 
Higher readings than 0.9 KPa in the pneumatic 
system exceeded the research value of interest 
due to the scope of aviation use. 

The manufacturer’s technical documenta-
tion indicates that the maximum pressure in the 
pneumatic system must not exceed 1.98 KPa [6]. 
However, when WUK-90 suits are used in combat 
conditions, this value rarely exceeds 0.9 KPa. An 
important factor is the temperature range of ap-
plication of WUK-90 suits, which is from -50oC to 
+50oC. This factor is strange to say the least be-
cause the manufacturer states the altitude range 
of use of the suits from 0 to 40,000 meters, but 
temperatures in this altitude range vary from 
-70oC to +60oC [12]. This parameter for R-WUK 
suits has been narrowed down to the ambient 
temperature of the therapeutic procedures per-
formed, which take place at temperatures of min. 
+18oC to +30oC. These assumptions indicate a 
signifi cant reduction in the critical values of the 
use of R-WUK suits, which in the case of new de-
signs will not require sophisticated technological 
solutions. It is important to determine the service 
life, i.e. the maximum operating time of the suit at 
3 years or 200 hours, which in the case of R-WUK 
suits is irrelevant, since failure of the pneumatic 
system causes only interruption of session [6] and 
does not endanger the patient in any way.
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