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ABSTRACT

In physical medicine, cryotherapy refers to the brief exposure of a selected body region (local cryotherapy) or the whole body to extremely low temperatures.
In practice, this involves local cryotherapy devices and various types of cryogenic chambers. Local cryotherapy remains an important adjunct in treatment
and rehabilitation, while integration of the blower nozzle with a thermovision camera expands procedural monitoring capabilities. Thermovision enables
assessment of temperature distribution before, during, and after cooling, supporting both patient safety and improved adaptation of procedural parameters

to the treated area.
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INTRODUCTION

In physical medicine, cryotherapy refers to the brief
exposure of a selected body region (local cryotherapy)
or the whole body to extremely low temperatures. In
practice, this involves local cryotherapy devices and
various types of cryogenic chambers. The primary aim
is to elicit reflexive physiological responses to cold and
to influence metabolic processes, thereby supporting
core treatment and rehabilitation [1].

EVOLUTION OF LOCAL CRYOTHERAPY DEVICES
Devices dedicated to local cryotherapy, originally devel-
oped several decades ago, have fundamentally retained
their capacity to achieve low temperatures. Over the years,
nomenclature, branding, and design have evolved. Manu-
facturers have focused on efficiency, such as reducing gas
consumption during procedures (e.g., by introducing air
pumps to gas tanks instead of standard heaters). Improve-
ments have also been made in the insulation of cryogenic
tubing to minimise energy losses, while larger screens and
touch controllers have enhanced device operation.

REVIEW AND DISCUSSION

BLOWER NOZZLE WITH INTEGRATED
THERMOVISION CAMERA

Recently, a solution has been developed enabling
the use of a blower nozzle with an integrated infrared
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thermovision camera for assessing the effectiveness of
local cryotherapy procedures. This system is designed
for cryotherapy devices powered by nitrogen vapour
and equipped with such a nozzle. The concept is based
on principles that both enhance procedural safety and
facilitate highly effective cooling.

The most crucial parameter is body temperature, which
reflects the energetic state of the organism. Elevated tem-
perature is associated with increased metabolism, such as
inflaimmation and processes leading to increased blood
flow in skin vessels. Conversely, decreased temperature is
observed with impaired blood flow and in degenerative
or necrotic tissue conditions. Therefore, thermograms
obtained prior to cryotherapy show hyperthermic zones
in areas of inflammation and hypothermic zones in areas
of degeneration [2-8].

Thermographic examination allows the detection of
a skin temperature difference of 0.25+0.2°C over the
examined region compared to the corresponding area
on the opposite side of the body or surrounding healthy
tissue, which may indicate pathological changes. As skin
temperature varies according to anatomical structure,
gender, and age, accurate thermogram interpretation
requires the use of thermal maps of the human body.
Cooling during local cryotherapy highlights differences
in surface skin temperature distribution. Post-cooling
thermal imaging may reveal details not visible on pre-pro-
cedure thermograms, offering more precise information
regarding cooling heterogeneity and the localization of
pathological changes. Consequently, athermogram taken
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immediately after the procedure enables assessment of
the cooling effect and verification of proper procedural
execution. The nozzle with an integrated camera allows
for more uniform cooling of the treated area; if post-pro-
cedure thermograms reveal inadequately cooled spots,
this guides the therapist to increase airflow intensity in
subsequent sessions to optimize therapeutic outcomes
[9-14].During procedures using nitrogen vapor, current
guidelines recommend: a nozzle outlet distance from the
skin of no less than 15 cm; procedure duration for a single
body region ranging from 30 seconds to 3 minutes; and
therapeutic mechanisms and safety principles are taken
into account. The expected outcome is a reduction in
mean temperature of the treated region by between 5°C
and 15°C, which can be confirmed by comparing thermo-
grams taken before and immediately after the procedure
[7,13-18,24]. Due to the substantial number of factors
influencing surface body temperature and the course
of temperature measurement, reliable interpretation of
thermograms before and after treatment is only possible
with proper patient preparation and strict adherence to
thermographic examination protocols, in accordance with
current standards [15-22].

RESEARCH AND DEVELOPMENT PROJECT
(POIR.01.01.01-00-1192/17)
The blower nozzle with thermovision camera indicating
tissue surface temperature (measured before, during,
and after the procedure) was constructed and evaluated
according to the objectives of project POIR.01.01.01-00-
1192/17: “Innovative nozzle for local cryotherapy with
integrated infrared imaging and efficacy assessment
support system”. The following outcomes were achieved.
Industrial research was conducted, developing a proce-
dural methodology for cryotherapy with IR camera (8-12
pm), taking environmental conditions and medical stan-
dards into account. The FLIR Lepton 3.5 sensor (160x120
px) was selected as optimal for nozzle integration. Ded-
icated control electronics were designed for indicators,
RGB diode, and interface. Comparative tests with the FLIR
T1020 camera and system calibration were performed,
examining environmental impacts on measurements.

Methodology followed standards including ISO/TR 80601-
2-56:2013, ASTM, IACT, and the Glamorgan protocol.

Development work included creation of an algorithm
for thermogram analysis using a measurement grid and
colour-coded therapeutic decision signals. The algorithm
underwent clinical validation by Prof. Agata Stanek,
MD, PhD. Software integrating the IR camera with user
interface was developed, and ergonomic nozzles (Solid
Edge) were designed and evaluated by physiotherapists.
Prototypes were produced using injection moulding, and
functional tests were conducted. A total of 100 test proce-
dures were performed (average ergonomic score 9.8/10,
software score 4.9/5). Expert validation by Prof. Grzegorz
Ciedlar, MD, PhD, confirmed the solution’s efficacy and
safety. Intellectual property protection was sought: patent
application in Poland (P451922) and community design
in the EU (MTC-3/2021).

CONCLUSIONS

Local cryotherapy remains an important adjunct in treat-
ment and rehabilitation, while integration of the blower
nozzle with a thermovision camera expands procedural
monitoring capabilities. Thermovision enables assessment
of temperature distribution before, during, and after cooling,
supporting both patient safety and improved adaptation of
procedural parameters to the treated area.

Thermal imaging increases the objectivity of cooling
efficacy assessment and facilitates detection of cooling
heterogeneity within the treated region. A thermogram
taken immediately after the procedure supports proce-
dural correctness and planning of subsequent sessions by
indicating areas requiring adjustment of airflow intensity.

Integration of the IR camera with the nozzle allows re-
al-time insight into the procedure and enhances safety (en-
abling rapid response to excessively low local temperatures).

Standardisation of measurement and interpretation
methodology (environmental conditions, thermal maps,
decision thresholds) is crucial for comparability of results
and accurate interpretation of thermographic data.

Design work and prototype validation indicate practical
feasibility of implementation and highlight the potential for
personalised therapy according to local pathological changes.
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