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Abstract

Introduction: The coronavirus outbreak which has spread across the world resulting in a significant shortage
of the N 95 type of medical mask. For this reason, the University of Navamindradhiraj jointly
developed a medical mask made from silicone type N 99 (Silicone Mask Respirator N 99) that filters
more than 99% of bacteria and viruses. This research shows the study of respiratory physiology and
the impact of using N 99 silicone mask in general volunteers.

Methods: A prospective study was carried out by 20 volunteers breathing through a HEPA filter fitted with
a silicone N 99 mask doing routine work and testing for breathing through volumetric capnography
every 1 hour until at the end of 3-hours. The required measurements were measured dead space
volume (Vd), dead space volume / tidal volume (Vd / Vi), end- tidal CO, (EtCO,), alveolar CO,, oxygen
saturation, airway resistance and a satisfaction questionnaire after all studies were performed.

Results: Total 20 subjects were eight males and twelve females, mean age was 31 years (SD), mean body
mass index was 21.60 + 2.23 kg / m’ and no underlying disease. Volumetric capnography was used to
calculate the respiratory parameters. With silicone N 99, the average dead space volume increased
27.57 +7.57 ml( p=0.001). The mean proportion of dead space volume / tidal volume before and
after wearing the N 99 silicone mask was 0.22 + 0.03 and 0.25 + 0.03 respectively, with 0.03 increments
(p = 0.011). End- tidal CO, measurements before and after wearing the N 99 silicone mask were found
to be 35.35 + 2.32 mmHg and 36.71 £ 2.25 mmHg (p = 0.054). When calculating alveolar CO, before and
after wearing silicone N 99 was 32.94 + 3.06 mmHg and 34.52 + 2.64 mmHg respectively (p = 0.085).
Respiratory resistance measurements before and after wearing the N 99 silicone mask was 2.53 + 0.37
cmH20/L/sec and 4.14 + 0.8 cmH20/L/sec increased by 1.53 + 0.72 cmH20/L/sec (p <0.001). The
oxygenation value before and after using the mask is normal (p = 0.355). According to the user satisfaction
questionnaire, there was no headache in the volunteers. Respiration heat and stinging, irritation,
sweating, odor, scores were 1-2 points (not at all uncomfortable to a little uncomfortable), and
masked communication and mask tightening were scored 2-3 points range (a little uncomfortable to
moderately uncomfortable).

Conclusion: When the silicone mask N 99 was continuously used for while it has shown that respiratory
dead space and resistance were increased statistically significant but results of oxygenation and
carbon dioxide levels were typical throughout use. It is therefore safe to use the N 99 silicone mask.

Keywords: silicone mask respiration N99, oxygenation, carbondioxide, airway resistance
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SpO2 = oxygen saturation (%)
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Reference value

AIRWAY RESISTANCE
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The modified Borg scale of perceived score

wansn1staAeslunsigntinnin silicone N 99 (0 = not at all uncomfortable, 1 = very slightly

uncomfortable, 2 = a little uncomfortable, 3 = moderately uncomfortable, 4 = extremely uncomfortable)
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LLEMY oxygenation , ventilation, resistance nasldniininInAsu 3 93l (mean + SD)

Respiratory physiology nouldudinin
Dead space 136.57 £ 20.20

Dead space/tidal volume 0.22 £ 0.03
EtCO2 3535+ 2.32

Alveolar CO2 32.94 + 3.06
V’CO2 199.5 + 46.07

SpO2 97 - 100
resistance 2.53 £0.38

wddldntinan 3 dalug Ay AgYNeEDR

164 + 21.87 0.001

0.25 + 0.03 0.011
36.71 £ 2.25 0.054
34.52 + 2.64 0.085
219.21 £ 52.77 0.180

97 - 100 0.355

4.14 £ 0.8 0.0001

age @), BMI = body mass index (kg/m2), Vd = dead space volume (ml), Vd/Vt = dead space volume/tidal volume, EtCO2 = end tidal
carbondioxid (mmHg), alveolar CO2 = alveolar carbondioxide (mmHg), V' CO2 = volume of carbondioxide elimination/minute (ml/min/kg)

SpO2 = oxygen saturation (%), resistance (cm2/L/sec)

150d

NAITANEINUIMATLEnL1IN1InTalAw N 99
wuinAady dead space Wi Tuanniu 27.5 ml 730
Wisidadu Vvt wistwdiu 0.25 + 0.03 wdsldntinn
Falau N 99 Tnawiiutudszanas 0.03 (fn p = 0.001 wae
0.011 Mudv) wiasinanasusuteuldaninin
agefidaddgyvneadf uwinaunsaesueldaindeoya
$In3509 CareStar 30 989UTEW Draeger 9%ilA1 dead
space 30 ml @A Vd/Vt diunudadiuvesiinges
WuTunaziiloenanaiasinnulnilagliosnuss wu
Snsmananansuenlasonledaaiuuasan alveolar CO,
WnTuualndifesrnBudulneilalunnsnetunisada
(p = 0.085) wazlihAusyauiifinanisnddn Wetnsesu
end tidal CO, wui1n133m end tidal CO, nauwasnasld
nnINTAlAY N 99 fAUszanm 35.35 + 2.32 mmHg
uag 36.71 + 2.25 mmHg iifuanmung (35-40 mmHg)
warldumnsnaiunneadn lunsinansuaulaeanlesving
fimsifiumes end tidal CO, wag alveolar CO, laiunnsng
Vanoukayndinisldninninysuendauszansain
Yatnin N 99 ludesnissyurseiniadilinelsia
eystonslda lneanvgpe nsviuuniseau light
intensity Tagn1sifinduvesmsueulaeenlsdiinain
Snsmsuanansusulasonles Afiutuluudaydisaan

floraadasyieuinannsuiiRnunaensyeg g
3 4l aviliAnmsfamelugeauuayivhlvienanarias
idgniuandsuy sraveendaululdonnou,ssning
nstunnwagrasnsigutnnn@alau N 99 Wunan
3 43103 TnensIngne pulse oximeter WUseiUaNdAL
liuwpnsnsdulunngaanm (p = 0.355) wan1sideyail
fAngonAaoItuUNITANEIVOY Raymond | wavAmuy'?
flwenanadasldniinin elastomeric respirator
wazeanusilaedu treadmill Wunan 1 dlus Seldwu
nMswAeuuameseendiauainnsindie pulse oximeter
upazdlileyn hypercapnia Iumjmﬁaamm treadmill
MeAN57 2.5 mph Inedinsavauvesansueulaeanlyn
Fnfaviidluenanaias 5 1w 10 518 (45.462.8 mm H)
LazN1SANYIVEY Rebmann T uwazAuz” vn15ANY
naunenuaiufiRnuluvesAuagiaevineigsnssu
wagldnidinin N 95 wuilsziupisueulaoenlesiiin
Pnfvdaiuduudlissiuiitnamenatn (45
cutaneous CO2 lslifiu 45 mmHg)
druusadonmumaiumelafifintundansld
ninnNFIaussaumusAumglaneuldntiinin
wazviaslaninnn Talau N 99 Jald 253 + 0.37 cH20/
L/sec wag 4.14 + 0.8 cnH20/L/sec (AdydnAgynnaans
=0.0001) Sty 1.53 + 0.76 cmH20/L/sec AMusadunn
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Lﬁm%mﬁmﬂﬂﬁ’]LLﬁQLﬁEJ@Vl’]‘LJﬂWEII‘LJ@T’JﬂiaﬂVII 1.5 millibar/
60L/min (1.53 cmH20/L/sec)” nglsdvinbigliniinin
YAnmilevaudomyald uazlinueinisiiaundsuiles
wanazfwesatsveulaeenled Wy Yinfsue
9% gonrasslUiun1sAneves Lim ECH wavmug'™
Pléntinn N 95 defiesszazing < 4 Flusazlivi
flonsuandsey usnthnn@alau N 99 lunisAnwnil
PnnsUszduieuuuaeunuasidymdesnisdeans
sehdliauiesandmiiningninssdvinsgduluih
Fadudeostavesuise

a o

dyunalay

=~ Y v aa oA o

Wolduinnin@dlau N 99 wewbeslusiaiadas
FUAMANUT dead space wazusaiumumaiumela
LT UY 19 TBE A N19aDR wiTzAURONTIaULAY
Arsusulaeenled iTaanauniglasendudulnd
LuneliAndunsnesiodldauisaunsaldauniinin
Falau N 99 lasestasnsie

Y9
BMI = body mass index (kg/m2), Vd = dead
space volume (ml), Vd/Vt=dead space volume/
tidal volume, EtCO2 = end tidal carbondioxid (mmHg),
alveolar CO2 = alveolar carbondioxide (mmHg),
V' CO2 = volume of carbondioxide elimination/minute

(MmU/min/kg), SpO2 = oxygen saturation (%)
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