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I Introduction

Medical clothing for personnel working
in an operating theatre must be made of
materials resistant to the permeation of
blood and other body liquids, as well as
to germs transferred by them. Moreover
it has to meet the requirements of the
PPE (Personal Protective Equipment) di-
rective [1] and harmonised Standard EN
13795 1-3 [2 - 4]. The aforementioned
standard, in annex A [2], mentions the
need of assessing materials and medi-
cal clothing also in terms of ensuring
thermal comfort, i.e. “surgical clothing
should be designed in a manner which
will minimise physiological stress related
to work in this type of clothing”. Further-
more, the standard points to the need for
carrying out an assessment of thermal
resistance, air permeability, water steam-
resistance and flexibility. However, no
concrete values of the parameters men-
tioned are given.

One of the establishments which deals
with the testing of medical clothing is the
Hohenstein Institute, Germany. Scientists
from this Institute introduced a certifi-
cate called the Hohenstein Quality Label
’Breathability”, which is granted to med-
ical clothing whose steam water resist-
ance, measured on a skin model compli-
ant withStandard EN 31092 [5], is below
17 m2Pa/W. This value was set on the ba-
sis of experiments conducted by Bartels
[6], which established a correlation be-
tween the steam water resistance of bar-
rier material and the maximum tempera-
ture of the environment at which the user
continues to experience thermal comfort.
Apart from steam water permeation, the
thermal comfort of the user of medi-
cal clothing depends, above all, on the
thermal insulation and its adjustment to
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environmental conditions existing in an
operating theatre during a surgical opera-
tion. Thermal insulation tests performed
at the Central Institute of Labour Pro-
tection — National Research Institute on
surgical clothing ensembles in the past
years, selected in accordance with WHO
recommendations and the requirements
of EN ISO 9001 [7], showed that their
thermal insulation lies within the limits:
0.54 £ 0.01 clo - 0.95 £ 0.01 clo [8]. At
the same time, it was determined that
surgeons will experience thermal com-
fort when the temperature in an operating
theatre amounts to 20 - 24 °C and their
clothing is composed of shoes, cotton
socks and a surgical ensemble made of
nonwoven fabric, similar to cotton, con-
taining viscose fibres of good air and wa-
ter steam permeability. Likewise, ther-
mal comfort can also be achieved in the
temperature range of 16 - 20 °C, when
the surgical outfit includes the above-
mentioned garment in combination with
a thermoplastic 2-layered hygienic surgi-
cal gown, a made of nonwoven fabric and
polypropylene foil, which is liquid-proof.

Due to the fact that medical clothing
made of cotton material is being gradual-
ly taken out of use and in light of the need
signalled in the standard [2] to search for
assessment methods which take into ac-
count the thermal comfort of medical
clothing, the authors of this paper decid-
ed to conduct their own tests. Contrary
to the testing of materials carried out by
the Hohenstein Institute, the authors per-
formed tests on full ensembles of medi-
cal clothing. Objective research results
were supplemented by an analysis of the
physiological parameters of surgeons as
well as their subjective assessment.

I Objective of the study

the main goal of this study was to assess
the thermal insulation of modern materi-
als used in manufacturing medical cloth-
ing in the context of thermal comfort
experienced by surgeons wearing a full
clothing ensemble. Furthermore, in order
to confirm our considerations, it was de-
cided to conduct a case study — a physi-
ological examination of surgeons using
selected clothing ensembles in real-life
surgery — a urological procedure. Due to
the difficulty of carrying out a medical
examination during real-life surgery, the
number of subjects was limited to 2 sur-
geons.

I Material and methods

in order to examine the thermal insula-
tion of surgical gowns against the re-
quirements of thermal comfort, the ther-
mal parameters were tested in operating
theatres. Thermal insulation was meas-
ured for selected ensembles of medi-
cal clothing, and next the results were
compared with guidelines on the thermal
insulation required to achieve thermal
comfort when performing work in an op-
erating theatre.

Additionally the physiological parame-
ters of surgeons were assessed during the
performance of surgery in a given clo-
thing ensemble.

Microclimate measurements

The microclimate in an operating theatre
was tested with the use of MM-01 micro-
climate meters, located near a surgeon
(measurement points 1 and 2). The tests
were performed during the real time of a
surgical procedure. Measurements were
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Figure 1. Thermal manikin wearing ensembles of surgical gowns (A — surgical underwear
and ensemble A, B — surgical underwear and ensemble B; C - surgical underwear and en-
semble C; D - surgical underwear and ensemble D).

made in 2 operating theatres (A and B)
of the Specialised Hospital in Warsaw,
which has environmental conditions
compliant with Polish regulations [9].

Measurements of the microclimate pa-
rameters were determined by the PVM
index (which represents the overall ther-
mal sensation). PVM is described with
the following values: -3 cold, -2 cool,
-1 slightly cool, 0 — neutral, +1 slightly
warm, +2 warm, +3 hot. Thermal com-
fort ranges within the limits -0.5 < PMV
<+0.5[11]

Testing ensembles of surgical clothing

Four clothing ensembles and one under-
wear ensemble used with surgical gowns
were selected for the purpose of this
study (Figure I). They represented typi-
cal disposable medical clothing manu-
factured according to the requirements of
EN ISO 9001 [7] and EN 13795 [2 - 4]:
B Ensemble A - barrier surgical gown
for multiple use, worn during stand-
ard risk operations, made of polyester
cloth with the addition of carbon fibre.
The gown’s critical area (front and
sleeves) is made of liquid proof fabric
of higher resistance (weight 300 g)
W Ensemble B - barrier surgical gown
for multiple use, worn during high

Table 1. Physical characteristics of the
subjects. (*4p, Body area by Hardy and

DuBois [13]).

Parameter Subject
1 2
Weight, kg 81 103
Height, m 1.78 1.80
Apy*, m2 1.99 2.22
Age, years 38 45
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risk operations, made of polyester
cloth with the addition of carbon fibre
on the back. The gown’s critical area
(front and sleeves) is made of lami-
nate with a PTFE (polytetrafluorethyl-
ene) membrane

B Ensemble C — cotton surgical gown
for single use (in theory, whose use
is discontinued, yet it is still worn in
operating theatres)

W Ensemble D - lead surgical apron,
Pb 0.5 mm, used to make x-ray pic-
tures (mass 3.349 kg).

The surgical underwear applied in all
the test variants was identical - made of
polyester cloth with coal fibre, ensuring
humidity absorption from the skin’s sur-
face.

Thermal insulation measurements

All the experiments were performed on
a thermal manikin and took place in a
walk-in climatic chamber. The thermal
insulation of the ensembles was deter-
mined on a thermal stand, a station-
ary manikin type TM 3.2/R110, named
‘Diana’, [8]. Measurements were taken
in accordance with Standard EN ISO
15831 [10]. Each measurement was re-
peated three times with the assumption
that the climatic chamber had the fol-
lowing environmental parameters: air
temperature (t,) 20 £ 0.1 °C, air velocity
(va) 0.4 £ 0.05 m/s, and relative humid-
ity (RH) 45 + 1%. All the measurements
were taken at 1-second intervals, and
subsequently a 1-minute average value
was calculated and recorded. The results
were constantly displayed to help evalu-
ate the steady state.

Case study with the participation
of surgeons

In the case study experiments in an opera-
tion theatre, two surgeons were subjected
to experiment. Both men were in a good
physical state, the physical characteris-
tics of which are presented in Table 1.

Measurements of the surgeons’ skin tem-
perature were taken at 4 measurement
points (a sensor closely fastened to the
skin’s surface) as well as measurements
of the temperature and humidity between
the skin of the subject and his clothing
(sensors were place on the stand 2 mm
away from the skin’s surface) (Figure 2).
The experiments were performed with
the use of a HygroLab2 (manufactured
by Rotronic AG) and cardio monitor FX
2000 (manufactured by Emtel). The test-
ing procedure was approved by the Com-
mittee for Research Ethics.

Each surgeon took part in the experiment

four times, i.e. in each of the four cloth-

ing ensembles:

M surgical underwear, cotton gown (C)
and lead gown (D)

1 surgical underwear and cotton gown
©

I surgical underwear and polyester
gown (A)

[ surgical underwear and polyester
gown (B).

@ Results

Results of experiments on the thermal
environment in an operating theatre

On the basis of the measurements made
in two operating theatres, the PMV index
was specified at two measurement loca-
tions corresponding to those where the
surgeons stood at the operating table (1
and 2) in two operating theatres (A and B)
of the hospital (7able 2). The PMV was
calculated on the basis of the programme
available in the ISO 7730 standard [14].
The PMV index values calculated for
surgeons wearing each of the test surgi-
cal clothing ensembles showed that their

Table 2. Air parameters in operatiing thea-
tres (t, — ambient temperature, RH — rela-
tive humidity, v, — air velocity).

Operating | Measure- ta, RH, Va,
theatre ment point | °C % m/s
1 229 | 546 @ 0.1

A 2 246 | 66.0 | 0.0

B 1 229 | 546 | 0.0

2 246 | 66 0.0

FIBRES & TEXTILES in Eastern Europe 2011, Vol. 19, No. 2 (85)



Figure 2. Distribution of sensors for the
measurement of skin temperature (0 — tgyiy,)
as well as the temperature and humidity in
the area between the clothing and the body
(e —t;, and RHy).

thermal sensation is defined at a PMV
level ranging between +0.75 and +1.25.
From this, it follows that surgeons assess
the thermal environment from “slightly
warm” to “warm”. As for the patient on
which surgery was performed, the PMV
index amounted to -2 (‘cool’ thermal
sensation). The results obtained showed
that limiting control to thermal environ-
ment parameters only does not ensure the
patient nor medical personnel thermal
comfort at the same time. For this reason
the only possibility of providing a sur-
geon with thermal comfort is to select the
properties of the clothing he/she uses in
an appropriate manner.

Figure 3 presents a graph with values of
the PMV index determined on the basis
of the thermal insulation of the clothing
ensemble used. These values were estab-
lished considering the arithmetic mean of
the air parameters measured for the oper-
ating theatres. On the basis of the graph,
it can be observed that approaching con-
ditions considered comfortable is only
possible in the case of surgical clothing
within the value range of 0.028 m2K/W
and 0.124m2K/W

Results of tests on the thermal
insulation of surgical clothing

The results of tests examining the ther-
mal insulation of the given clothing en-
sembles (surgical underwear and gown)
and surgical underwear are presented in
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Table 3. 1t can be concluded that the in-
sulation value of particular ensembles of
surgical underwear and surgical gowns
are comparable, with the highest insu-
lation value being noted in the case of
the cotton gown ensemble. Furthermore
It was noted that the thermal insulation
of surgical underwear and lead gowns is
lower than ensembles with other surgi-
cal gowns, which would indicate that a
lead gown constitutes some sort of load
for the surgeon’s body, which is only due
to its weight (3.3 kg) and not because of
its high insulation. The results have also
demonstrated that the highest insulation
is possessed by surgical underwear used
under all types of surgical gowns.

Comparison of the results obtained with
Figure 3 revealed that clothing ensem-
bles currently used are characterised by
too high insulation values in relation to
the value required for maintaining ther-
mal comfort. The highest thermal value
is possessed by surgical clothing worn
under a surgical gown; therefore, for
thermal comfort to be achieved, it is nec-
essary to decrease the insulation value of
surgical underwear to ca. 0.08 m2K/W

Case study experiments

Figures 4 - 6 show differences in the
physiological parameters of both sur-
geons (mean skin temperature, mean
temperature and humidity in the space
between the skin and the inner layer of
the clothing, as well as the perspiration
rate) when performing surgical treatment
in four clothing ensembles. The highest
increase in the mean skin temperature
during an operation was observed with
surgeon 1 wearing surgical underwear
and a cotton gown (C), whereas with
surgeon 2 this occurred during an opera-
tion conducted in a polyester gown. The
highest increase in the mean temperature
in the area between the skin and clothing
was observed when surgeon 1 performed
an operation wearing surgical underwear

and a cotton gown (C), whereas with
surgeon 2 this occurred during surgery
in surgical underwear and a polyester
gown (B). The highest increase in mean
humidity in the area between the skin
and clothing was observed when surgeon
1 performed surgical treatment using sur-
gical underwear and a cotton gown (C),
whereas with a surgeon 2 this occurred
during an operation in surgical under-
wear and a cotton gown together with a
lead apron (C and E).

Following these findings, it can be con-
cluded that the objective maximum ther-
mal discomfort experienced by surgeon
1 occurred when performing surgical
treatment in a cotton gown (C) and was
slightly smaller in a medical clothing en-
semble with a polyester gown equipped
with a PTFE membrane (B). As regards
thermal comfort, it was maintained dur-
ing the performance of surgery in a poly-
ester gown (A). With regard to surgeon 2,
the highest thermal discomfort level ap-
peared during an operation performed in
a polyester gown with a PTFE membrane
(B); it was smaller in a cotton gown (C).
Under none of the experiment variants
was thermal comfort achieved with sur-
geon 2. In the case of both surgeons, a
considerable increase in humidity in the
area between the skin and clothing was
noted, attributed to insufficient sweat
transfer from the surface of the surgeon’s
body.

The results of the case study revealed no
major difference in the clothing ensem-
bles examined. However, they have con-
firmed the need for further study into the
thermal comfort of surgeons performing
surgery in protective clothing. Further-
more, the results have shown weak points
in the clothing structure e.g. a considera-
ble increase in the mean skin temperature
by almost 2 °C and in the humidity be-
tween the skin and clothing by 40%. This
information should be used by clothing

Table 3. Thermal insulation for given ensembles of surgical clothing (thermal insulation

nomenclature of EN ISO 15831).

Type of clothing

Surgical underwear + polyester gown (ensemble A)
Surgical underwear + polyester gown (ensemble B)
Surgical underwear + cotton gown (ensemble C)
Surgical underwear + lead gown (ensemble D)

Surgical underwear

Thermal insulation, m2K/W

parallel serial
0.151 0.202
0.160 0.218
0.166 0.231
0.149 0.193
0.123 0.154

67



2.00
1.80 1
1.60 1
1.40 1

°C

1.20 1

tskins

1.00 1
0.80
0.60

0.40

0.20

0.15 0.2
Iel, m? KW

0 0.05 0.1

Figure 3. Changes in the PMV index with respect to the thermal
insulation values of clothing ensembles (grey field marks the ther-

mal comfort zone).
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Figure 5. Increase in the mean temperature in the area between the
skin and inner layer of a surgeon’s clothing (t,) during a surgical
operation for each variant of the experiment.

designers as a guideline when creating
new types of protective garment.

M Conclusions

It is crucial that surgical clothing protect
the surgeon and patient from infecting
each other. It follows that the key param-
eters which need to be observed, in com-
pliance with Standard EN 13795 [2 - 4],
include the following features: germ-
resistance, pollen-resistance, cleanliness,
liquid-resistance, and material resistance
to bagging and stretching. It should also
be borne in mind that surgical work is
performed in a high air temperature en-
vironment, requiring psycho-physical fit-
ness.

On the basis of the experiments con-
ducted, the following conclusions were
drawn:

1. The clothing ensembles tested are
characterised by too high thermal
insulation in relation to the value re-
quired for maintaining thermal com-
fort conditions. The highest thermal
insulation is characterised by surgical
underwear made of polyester cloth
with carbon fibre, which, in theory,
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Figure 4. Increase in the mean skin temperature of a surgeon (tgpn)
during a surgical operation for each variant of the experiment.
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Figure 6. Increase in mean humidity in the area between the skin
and inner layer of a surgeon's clothing (RHy) during a surgical op-

eration for each variant of the experiment.

was supposed to be characterised by
high humidity absorption.

2. Air parameters are not appropriate to
ensure the surgeon and patient ther-
mal comfort at the same time. Com-
fort conditions for the surgeon can be
achieved only when surgical cloth-
ing insulation has a value within a
range of 0.028 m2K/W (0.18 clo) and
0.124 m2K/W (0.8 clo).

3. On the basis of the results of the phys-
iological parameters of surgeons in
this case study, it was determined that
in all the types of clothing ensembles
tested, the skin temperature as well as
the temperature and humidity in the
area between the skin and clothing
would increase.

4. The most negative assessment of the
thermal environment was noted dur-
ing experiments in a cotton gown and
lead gown protecting against X-rays
(used more and more often due to the
development of minimally-invasive
surgical techniques).

The results obtained leave no doubt that
work which is performed in medical
clothing made of latest technology ma-
terials entails considerable thermal dis-

comfort for a surgeon. The unduly high
insulation of medical clothing ensembles
and too low absorption of surgical inner
clothing result in an increase in skin tem-
perature, which also induces a high accu-
mulation of humidity in the area between
the skin and clothing, which can result in
a worsening of the psycho-physical con-
dition of surgeons.

Given that the correct course of a surgi-
cal procedure depends, to a large extent,
on the surgeon’s mental condition, inter
alia, on their ability to maintain constant
vigilance and concentration [12], the
elimination of cotton gowns was an im-
portant step towards improving safety in
an operating theatre. However, as our ex-
periments have shown, medical clothing
ensembles made of modern materials can
still bring about the risk of thermal stress.
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vironmental protection, especially monitoring the emission of pollutants;
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Investigations in the field of environmental protection technology:
Research and development of waste water treatment technology, the
treatment technology and abatement of gaseous emissions, and the
utilisation and reuse of solid waste,

Monitoring the technological progress of environmentally friendly technol-
ogy in paper-making and the best available techniques (BAT),

Working out and adapting analytical methods for testing the content of
pollutants and trace concentrations of toxic compounds in waste water,
gaseous emissions, solid waste and products of the paper-making indus-
try,

Monitoring ecological legislation at a domestic and world level, particu-
larly in the European Union.

A list of the analyses most frequently carried out:
Global water & waste water pollution factors: COD, BOD, TOC, suspend-
ed solid (TSS), tot-N, tot-P
Halogenoorganic compounds (AOX, TOX, TX, EOX, POX)
Organic sulphur compounds (AOS, TS)
Resin and chlororesin acids
Saturated and unsaturated fatty acids
Phenol and phenolic compounds (guaiacols, catechols, vanillin, veratrols)
Tetrachlorophenol, Pentachlorophenol (PCP)
Hexachlorocyclohexane (lindane)
Aromatic and polyaromatic hydrocarbons
Benzene, Hexachlorobenzene

Phthalates Polychloro-Biphenyls (PCB)

Carbohydrates Glyoxal

Glycols Tin organic compounds
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