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1 INTRODUCTION

Over ihe last years, surgical Serup Suits (88) have
Been worn by health care workers in the Operation
- Room (OR) and for many other applications in
healthcare ouiside the OR. They are used by health

i To ira rrend S . oyl ot
biotessionals as uniform, However, scrub suits are

ot considered 1 medical device, so there is no

cdefined regulation nether scienfific srudies sup-
port.the practice of using serub syts 45 4 Means
for preventing transmission of mfection (Abreu,
2012, Abreu, 2014). On the other hand, Clean Ajr
Suits (CAS) are considered Class 1 medical devices
aceording to the definition and classification rules
of " the Medical Deviges Birective 93/42/ERC,
amended by Z007/4EC (Councit Directive 93/43/
EEC) [3] [3]. Clean air suit is defined as a “suit
intended and shown to minimize contamination
of the operating wound by the wearer’s skin sedlos

rying infective agents via ¢

2 L& operating room air
thereby reducing the risk of wound infectica™ by
£ 13795:201 I+A L2013 (CEN, 201 1 Tn Figure |
canr be sesn the appearance of a scrub suit and a
chan air suit, The standard EN 13795 presents
general  performance reguirements _concerning
properties which require assessment in CAS like
esistance to microbial penetration, microbial
and. particle matter Cleantiness, Iinting, bursting
suengih and tensile steengih (CEN, 20110, As far
ther characteristic of medical clothing, EN 13795
takes in consideration the comiort of the users,
foside of OR, thermal comfort of medical

i Ta g 5 4 ‘. . . .
clolmng apparel is a very mmporiant paramster,
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: In operating room, the health professionals are exposed fo siress situations that can infli.
! performance, The thermal Droperties arc an important regtirement’

. i

the best performange of OR medical clothing; that plays a crucial role i thermal comfort of the user,

Bat involve the regulation of heat and masg transfer betweenn clothed body aid the environment, Tn this
: rison of thermal properties between scrub aid clean afr guits, The
rest was performed on a thermal manikin, tri=dimensional test that'_simuiai.es.m; Hse of clothing measyur-

te the thermal comfort,

e
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5:4.g00d estimate of 1ol

-drv heat Joss from the body, between body surface ad texiile matetials, and esteen the comfort lovel of

since the Iack of comfort can lead te thermnal
stress that influence the physfe and pavchological
conditions of the surgeon, as the ability to. majn-
tain constani vigilance and concerrtration, which
the ecorrect surgical procedure is -dependent,
Thermal comfort of the user of medical apparel
depends on thermal properties and its adjustment
to the environmenial conditions in the OR dyr- -
ing the surgery, SIHCHE mhady other factors itk
design, size and fabric characteristics (Cho et at.,
1997). Extremely insulating and low absorbent
medical apparel will results in an increase of skin
emperature, leading fo a granfer maisture accn-
mulation between professional skin and clothing,
To overcomie this situation, surgical “clothing
needs to satisfy some feqiitrements; ‘they should
be comfortabie, breathable, lonse fitting, keep the
user in ¢ool conditions and allow heat exchange
changes between the body and environment

{Fanger, 1973, _ - .
The mean skin lemiperaiure of, approximately,

T oo S S F A
A2 %0 and non-poours

' sMoienlD £ _5 _aﬁﬁg- %:’f Gﬁiﬁs
are the general condition for & health professions!
experience thetmal comfort, Stidies have deter-
mined that surgeons experionce thermal comfort
when OR temperatiire is between 20 °C and 24 o

L aadild

and if thsir clothing syétem were consisted . by
shoes, cotton socks, nonwoven' surgical clothing
with viscose fiber and good air and water vapor
permeability (Bogdan et al, 2011 ,
In this way, the aim of the presented study was
to compare thermal broperties between scrub and

clean air sigis
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2 MATERIAL AND METP GDS

.2 { Cfafhz;w sy:::em

i}npcsable any re{,sa.bh scrgb and Clean air m.ma

were used in thiis Study, able

“stabil 1zed n’ an adi 1ok
i :

2.2 ;’f’f’reﬁmz! wianikin
The thermal insuiation of ciothtng &nsprwle was
meastred . usﬁm i thern mnmkm Figure 1. with
controlled akin surface te’npcramrc thai s&nulatcs
the wear: This therfaal’ manikin, called “Marig”,
has awoman’y body; its sizé an mnﬁgumtmnc arg
s;mﬂ;tr to an adult t worman, It is divi ded in 20 ther-
inaily indépendent sections and oniy semse dry heat
transfer. Thermal manikin, "iosnmned 0. im from
'-"}}.5 _ﬁGC' Wi I“-’i"‘ un.czuduxs lt uiwl i@é,\. and
armé held in vertieal position wi dmut any riotion.
The skin emperature of all body was sef, and dur-
ng the fest period maiitained at 33 £ 0.1 °C, The
tests were conduct ed in a chimatic’ “haniber where
wmbient sonditions characteristio of an operat-
ing theatre were simulated, 20 °0 4 2 °¢C and 60%
Kb, The whimatic chamber carn achieve terpera-
tures aronnd 15 °C! to 33 °C ang rﬂlatiw humdw
-around 33% 10 85%, .
“Dati acqugition started after achiz::wng statmnw
Ay conditiong and did niot taks more than &0 min
Durmg the sequisition petiod, the heat flux 2nd the

L. The tlothing was’
: xhamber b for;;_ each

srial masiking photo of mude therinal wanikin used on tests {a} and software body pictare of thermal
mamLm az:d COIOL iegend cf body segments temperature (b).

skin' temperators: of each body past record BVELY
minute: Thermal insulation {7} was calculated
according to global method, Equanon 1, where
L5 1°C) 1s the mean skin x,empurnturu, T, °Cl s
the roowm temperature, 0. LW/} ihe sensibie heat

Jiux-of the manikin and ¥1 the rft!azzoﬂsmp between
- the S$urface area of segment £ of the manikin (IS0

$920:2007y {81 [8]. This iz the general fermula for
defining the whole b«:}f‘y resistance and the one
that hest fiia the dafinig i of tharmeal man?aﬁnn
expressed (Olzvs,lra et al., 2008). Furthermme glo-
bal method Is fess susceptible to significant vara-
Hons to Lalculare therrn al insulation, -

2 (fXTuM}

“5‘ {ﬁc() } O

=

‘Thee ﬁ'ecn‘ve clntmng sr,_f ation {7 ) consistin
of the differenice between [ and I are calculate
by the Equation 2, comxdmn Ia is measured b
operating the manikin nnude:

o oand 1 R
the heat loss From umumm frody

cording o Hensel cited in {Bong,




Deseription of clothing sysiem tested.

Alr permeabﬂity (/m¥s)

Clothing system Composition Thickness {nm}
Single-use scrub suit Non-woven SMS 0.52 1824
Reusable scrub suit £7% PES/33% cotton .43 4112
Singie nse clean air suit ~ Now-woven SMS SRR A5 484.8
Reusable plean air suit Q984 PES/ 1% carbon fiber - 030 2918
i L3t unpe
’ —E

-ig't;'ré 2.

B ./,f}i I}, the higher is the heat Joss from the skin o
the environment, the faster the temperature will
.-drops and more intense is the freshness feeling.
* 8o, as said earlier, the material that could absorb
' _::'aﬁﬂ conduct heat well, will remove beat imm the
Z.oskin and give the sensation of belng a “coolest”
7 garment. Hence, heat loss is closﬂy related to
“tharmal msulancn, they are wversely proportional
rameiers, In this particular case, as expected,
o z;'ns?nthsd parts tike feet, hands, forearms and face
. "ﬁfﬁﬁ ;ME;A«A heat loss,
oo Through heat loss values, total () and e;f‘”e&
: '__-'tzw cioihmg, thermal insutation (7,,) can be calou-

- Jated. In Figure 3 can be seen that 38 A have the
T ﬂ'ms Aiffaranss
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thermal insnlation
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“osingle use S8 and CAS (A and C) is aro i
032 mA°C/W and for dispesable ones {B and
) itis around 0,012 m~ oCIW, H(mfeve the dif-

© ference between 58 and CAS is ¢ gnuzcanf when
we compare 85 A wuh CASC, and thereisalso a
7 snificant difference Between serub suits A and B.
- Thespite of 58 A being the scrub suit with higher
e thickaess value, (.33 mm (Table }} its lower ther-
~mal insulations can be explained by higher value
. of air permeability, 1824 ¥m?/s (Tabie 1} that allow

Heat loss from body section of manikin dressed with CAS {a) and 88 (b}.

a better heat exchanges between-b_ody -_surface- and
environment.

¥n spite of being made of same ‘iabn dispo_s.—

ble 88 and CAS (A and C}, its different insulation
benavmur can be also possible due 0 the design
and lining of CAS.: CAS openings for head, arms,
waist and fect are-closed by tightly fitting cuffs and
the heat loss through these openings is-lower and
the thermal insulation increases: Moteover, th-i«:
C ﬂw hag lining in upper part of shirt and {rouser

Willhil *y'u,u u}BU Lwau}i }._1 A!.&Ulb&ﬂ&d u.mm}auuu.
When the effect of air layer thermal insulationis
removed (I ), clothing thermal insulation decreases
but show the same behaviour, For A suit, can be
shout 38%.and
37% for B and C, respectively, and 61%for D,
Therma! insulation of clothing can also . be
expressed in clo;, Figure 4a. The hwher the value
of clo, the. greaier is thermal insulation. Clo value
of 1 is defined as the ameunt of clothing required
10 8 human being at rest to be comfortable at room
temperature of 21 °C{10]. The differences between
clothing clo values. are statistically significant
p»valae < {3,05), except between serubs:B and C
(p-value > 0,05), Figure 4b. So, the differences of

aheerved 3 decroase aroust 73%,
o0 8 3]

G ¥ bl W iont 710y




CBE

Clothing svstems

A-B
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A-D
B-C
B-I»
C-D

e

!
E
!
{

Fxgure 4 (‘lo-value of L(}tﬁl thermai-}insa'}a;tiéﬁ Of serub and clean air suits {2) and statistically differences between
clothing s'vstems {6y, BRI :

wear scfub’suit Bor vear c‘c;m uir St & can't ha Thermal insulation of » clothing, ir i det
perceived dnd A suit Hiag ¢ the closer cla value from  upon their spwtzmestgn, size and fabrsc characfep
being ihermal comforiab’s o istics, particularly air permeability that allows heat

exchage bﬂtweeq skin surface and environment.
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EN-F95:261 1+A1:301 3. Surgical drapes,
and tlean air suits, sed as medical devices
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