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Abstract

Rehabilitation management of Asthma patient, including breatieingining that could be using incentive spirometry as
biofeedback tool for patient when doing breathing exercise. Thpogeirof the research is to prove effect of home-based
incentive spirometry (flow based) on FEV1, FVC, 6-MWT, asthma controlssAt0T) and Quality of life (SGRQ) and
spirometry test of asthma patient. This experimental study with Randomized tRrect@ost-test Controlled Group design
conducted at Dr Soetomo General Academic Hospital.

A total of 16 assthma patiets aged 18-40 gas were randonty and evely divided irto two groups. An exercise pygram
using Ircentive Sprometry (flow based) was given to the intertion graup, wheeas the ontrol group doing éhphragmétic
breahing exeréses Both workous were peformed at hone for four weeks with frequendyve times per day,ead session
has ten repetibins. Results indicates that exercise withme-based icentive sprometry (flow basedlshowed improvements
in FVC paameers (p-vale 0.009) larg effed size (125), 6 MWT distance (p-value 0.005) large edf size (140); ard
adivity score SRQ (p-value 0.@1) large dfed size (0.§. Giving 4 weeks of home-based exercise with dentive
Sprometry-(flow-based) improves FVC, 6-WT distarte, andadivity score of qualty of life (SGRQ) in asthmatic patient.

Keywords: home-basethcentive Spirometry (flow based), asthmaVEEFVC, 6MWT, ACT, SGRQ.

1. Introduction

Asthma is one of ten major disease which causdsiditgrand mortality in Indonesia, also made a toeieden in the
world, with the incidence 4.5 percent which is geBcent in women and 4.4 percent in méanjenkesRI, 2014). In
asthma there is hyperventilation meglby low arteriaPaCO2 and egiratory alkalods (Courtney, 2A.7), dueto
hypertonicity of the epiratorymuscles (Rz etal., 2015) atendercy to pumonary hyperinflation and inpaired
in thoracic breathingirregular, paradoxal, and exsgve sghing. Increagdtone and atvity of the inspiradry
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musclesatthe end of expiration increeslung inflation which chagesthe work pattern of theegiratory muscles
to be dorter andweaker. Ths causesthe loss of the @postional zone of the daphragm, dereases inspiraty
strength, and will increase the recruitment of asmy muscles of egirationin the neck andchrax (Decramer,
1997).

Asthma management attgpts to improve and presge quality of life so that patieris can go hou their daily
lives withou difficulty (Kepmenkes, D08 GINA, 2019). This is acomplished by poviding bot
pharmaceutical and nopharmaodlogical managemensuch asexercise. Breathing exercisies asthnapatients
are desigadto normalizedbreathirg pattens (breathig retraining), improve egiratory muscle stragth and
erdurance, andmprove chest wall [Exibility and posture (Thomas and Buton, 214). The evideoe on the
advantages of breathing exercists asthmatic patigsis still equivocd, degite theirwidegread use® Conna
etal., 201L5).

The technique of performindiaphragmaticbreathing through a device with valiufeedback based onegh
volume and flow of insped airis known asincertive Spironetry (Tyson, 2A5). Incertive spromety is similar to
continuous maxinal insgrationin thatit is intendedto simulate ratural breathing and ige the patierto take deeper
breaths.

This procedure reduces intraplal presure, expands the ungs, andinproves gasexchangeAARC, 2011).
Incentive sprometry is widely ugdasa prophylaxis for pulmorary complicatbnsin abdominal surgey (Tyson,
2015), Chronc Obstructive Puhonary Diseasg(COPD) (Hogini, 2016) and restrictiveung diseas due to
diaphragm or egiratorymuscledysfunction, sich asin patieris with spiral cord inuries. (SCI) (ManirB, 2017
andasabreathing exerciseiéfor asthma patigsathome (MantriB, 2017).

Comparing with deep breathing exercises onlitllou support guipment),one of the dvantagsof Incertive
Sprometry is that it is easyto monitor independertly by trained patients, thereforgé doesnot always reguire
supervision (AACR, 2011) The goal of this study wasto see how administering Incertive Sprometry asa
breathing exercisasiganceat home dfected ling function metrics (FEV1 and-VC), functonal capacity teséd
at6-MWT, and asthma patientgiality of life.

2. Materialsand Methods

This is an experimental study using Rdamized Pretest and Postesb@rolled GroupDesign. A total of
asthma patiets aged 18-40 yearsvere randmly and evely dividedinto two goupsat Dr. Seetomo Surabayas
Asthma/COPD Polyclinic.Inclusion citeriawere those who have beeraghosedwith asthma and arentrols at
the Asthma Polydinic and who have reived indructiorson their asthma treatment reginfor at leastamorth
before garting the atidy, aged 18-40 years old, willing to follow the stidy protocol, and are #&bdto underdand
the exercise prodeire. We excludesubjects who had exacerbation witim 24 haurs prior to the testbreastfedng
or prggnancy; acther pumonary disease @berculosis, ing cancer, pn&mona, intergitial lung disease,
pneumothorks, bronkektasis, bbody cough); ancther chroric comorbidity (heart diseaseliver diseas, kidney
diseas, diabetes mellitusSLE, Rheumatoid Arthtis), any forms of cance©geosaroma, dioblasioma,breas,
colon/rectum, ovary, melanma maligra, prodate hyperthrophy). Wedrop out thesubjectif they skip the pogram
for more than 7 days or morkah 20 ®ssions during the periods; add anahsructurel breathing exercise
program move to out of study coverage area; aatlany kind of reason choos$e stq following the stdy.

Before the trial, thewbject conducted a physical examinatiete informed about the siy, and completed an
informed ©nsent fom. The sibject was tlen given basc information, askedto fill out questonraires to assess
asthma ontrol status (AQ) andquality of life (SGRQ), and &ad6-MWT and Spiroratry testsdore on them. The
subjects were then radomly assgned to one of two researcgroups: An exercise program usingdentive
Spirametry-(flow-based) was giveno the irtervention graip, wheea the ontrol group did diphragmatic
breahing exerdses wihou the use ofry instruments. For four veks, both workous were peformed at tome
five times per dayeach with ten repetitits Every day, eachubject ompeted the exercises accorditigwhat
wastaught at home, asndicated by the cmpletion of an exercisenonitoring card sjned by a witress. Orce a
week, the sibjects were ontaced, reminded, and retglit the exercises. Patisnwere aked to complete the
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guestonmaire again at theanclusion of the fourthweek to asess their asthmaontrol status,quality of life
(SGRQ), 6-MWT, aml sprometry tess. The esllts are collected, and statisticalafysis is performed. The
findings of the analysis werdarougHy examinedn order to draw inferencesrom them.

3. Resultsand Discussion

This study involved 19atients who visited Asthma/COPD PulmongrPolyclinic at Dr. Seetomo general
academic hospital inusabayaFor four weeks, reseclrvolunteerswererandonly assignedto one of twagroups:
10 persons in the fervertiongroup and 9 peple in the ontrol group. Two gbjectsfrom the inervertion goup
andone from the ontrol groupwere ranovedfrom the stidy. One participanin the irtervertion group clained
that after fdlowing the exerciséor two days withdew from the trial due to chest discomfoorne other person
wasexpelledfor not keing able to ompete the exarise as schirled. Ore participantin the @ntrol group said
that shequit the stidy because iB job ewvironmert had increagd his adivity, causing herto have frguent
exacebations (2weeks aily in the study of repeated exabations), ard he movedoutside the stdy's swope
(outside the iand). Six menand ten wmen were collectedt the end of the atly, divided irto two groups of
eight people each. Tis numker gill meds the rejuired number of researk subjectsfor each group, whicks six
individuals.

The Shajyo-Wilk test was performedto detemine the nomality of the reseah subjects’ fundamental
feaures. All datavere normally distrbuted, andanindepedent pararetric T-Test testvascondicted across the
two groups, with all initial parametersding ejual (therewas no dffererce betwesn the two groups)Basic
Charateristic of the sibjects describé table 1 and 2.

The eallts of this study reveakdthat no chagesin all measiresoccurred bejre and after a 4veek hane-
based thphragmatic breathing exercise. FEV1 (p-value 0824FVC (p-\alue 0.28), 6-MWT (p-value 0.115),
ACT swmre (p-value 0.88), total sore SGRQ(p-value 0.0%), symptom s@re SGRQ (p-\alue 0237), adivity
soore SGRQ (p-value 0366), and mpactsmore SGRQ (p-value 0.86). (p-value 0056).

Changes in asthma cadrol statuswere asessed using theAsthma Control Test (ACT) questionraire.
According to the QA recommadation, chaagesin asthma ontrol status Boud be mortoredmontHy using the
ACT questbnraire to measire the effect of medication on asthma troh This finding contradicts a stdy
condwted by Gramratopapulou et al. 2012) onbreathing exerciseén asthmatics, which found a@hafter ore
morth of exercise, asthma cwal status (AQ) improvedsignificantly.

The findings of ths study differ from those of Chunget al. (2021) and Majewslét al. (2015), who found
that after 8 and 1%veeks of exerciseboth breathing exercises with tHaspirabry Muscle Tainer device ad
breathing exercises vhibu additional aids muld improve the functioal status of asthmatic patients, witb n
differercebetweenthe two inervertions.

Exercises tht improve the position of the gihragmasit risesand fallsduring inspiration andxgiration
are knavn asdiaphragmatic breathing. Deeper, slaver breaths engre that air is distributed evenly throulgou
the lungs. Slow breathingilfs esential @apadties, whilehalding thebreah for 3-5 seconds allows tharigs to
expandfully, opening the alveld and increasing surftant production. Digphragmatic breathing errcises will
alsolesenthe activty of accery muscles of egiration, allowingfor more typical breathing patis and less
breathing vork (Grams etl., 2012) Diaphraymatic breathing exercises, accorditg Tahir et al. (1973), can
enhare basal ventilation. Didpagmatic breathing exercises, according Wekbker and collegues (1993),
enharce tidal volume and faditate flud eveacuation. Tatile gimulation &ove the lower ib cage,aswell as
verbal ingructions, increasddiaphragmaticmovemer during exercise, according Blaney and Sawegr (1997).
Diaphragmatic breathing erircises, according to BMwaro et al. (2008), can enhate lung mechanics ad, asa
realt, boost FVC. The lack of chage before and after exerciseutd be relatedo the patient's indldty to
maintain good exercise technique wh conducting the exerciseat home alone.
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Tabel 1. Subject characteristics

Intervention Group

Profile Control Group (n=8) (n=8) p-value
Age (Years)
Mean + StadardDeviation 28,50+757 27+7,38 0,695
Min — Max 19-40 1840
BMI (kg/m?)
Mean + StadardDeviation 26,80+494 25,26+6,04 0,586
Min — Max 19.04-32.03 17.15-34.96
Asthma Duration (years)
Mean + StadardDeviation 10,75+6,86 15,00+10,47 0,353
Min — Max 2-19 1-33
FEV1 (ml/s)
Mean + StadardDeviation 2478,75690 2167,50+465,97 0,261
Min — Max 1830-3360 1500-2710
FVC (ml)
Mean * StadardDeviation 3041,25+748,91 2708,75+527,18 0,322
Min — Max 2190-4190 2130-3530
6-MWT (m)
Mean + StadardDeviation 347,56+111,74 398,25+106,48 0,369
Min — Max 207-517.5 189540
ACT Score
Mean + StadardDeviation 17,75+2,5 15,75+4,06 0,23
Well controlled (25) 0 0
Partially controlled (20-24) 2 0
Uncontrolled (<19) 6 8
Total SGRQ Score
Mean * StadardDeviation 1594, 10+802,60 2041,60+982.36 0,335
Min — Max 157-2657.70 381.20-3389.70
Symptom Score (SGRQ)
Mean * StadardDeviation 279,26+148,5 378,15+ 102,3 0,143
Min — Max 86.8-505.40 219.40-525.40
Activity score (SGRQ)
Mean * StadardDeviation 642,23+309)5 665.1+391.47 0,898
Min — Max 0-985.80 0-1134.90
Impact score (SGRQ)
Mean * StadardDeviation 672.60+381.40 998.26+535.22 0,183

Min — Max

34.60-1229.60

161.80-184%0
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Patients were told about the study orally at the start, written dowiine monitoring card they took home, and
shown with the tainer's lelp. Patietts are urgdto meet face-to-faconce a week, either at the hospital orat
their homes, to check mbable side #ects, exercisesues, ando remind them of proper technijue. The patient
also fllsout the exercise column, whichiconfirmedby a menber of the patient's family whaalsbeen designated
asahome exercisegervisorin advance. The patienits erectin anupright stting pasition with the rght hand
on the epigastric and theft hand on thdront chesduring the workott Movemen occurs wlen inspiration is
anticipated. The fidings of this stidy can be usdto providean overview and assessment that thapthragmatic
breathing exercise techgque with hands on the chest and belly, which feridedto be ugdasahome exercise
progamfor asthma patientss ineffedive.

Exercise withhome-based incdive sprometry-(flow-based) for 4weeks improwed the WC parameter (p-
value 0009) with alarge effet size (1.25), the ditance before and after exercise (palue 0005 with alarge
effed size(1.40), and the atvity sore SGRQ (p-value 0.041)with a lage dfect sizg(1.40). (0.8).

The dfect of strengtheningngpiratory muscles on FEV1 and FViD asthmatic paties hasbeen debted in
previous stidies. Ths study's findings are like lhose of Gung et al. (2021), who canpared inspirabry muscle
strengthening exercises witlveights on aninspiratory Muscle Tainer (IMT) in asthma patidsfor 12 weeks 2
sessions per week, finding dfferences in FVC increase the irtervertion group but failing to meet the MCID.
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Chung et al. (2021) found that both groups improved their inspiratorymuscular stragth, as measued by an
increase in maxial inspirabry presure Pl Max), paticularly the exercise group with BMAccordingto the
reference, the BI exercise is identicaio the Incertive Sprometry exercisein terms of regiratory phase,
loading, and training goal, whkh is to improwe the inspiratgr muscles. The sidy found that FVC values
improved sgnificantly, which, while nat clinically significant, could indicate an increasa inspiratorymuscle
strength

Table 2. Additional Profile of the Sibjects

Profile Total
Gender
Male 6 (37.5%)
Female 10(62.5%)
Allergic History
Yes 13(81.2%%)
No 3(18.75%)

Sourceof allergc
Dust (ircluding fur) 9 (56.25%)

Foods and drug 8 (50%)0
Cad weather 3(18.75%)
Occupatia
Housewife 2 (12.5%)
College stidents 4 (25%)
Student 1(6.25%)
Worker 2 (12.5%)
Self-enployed 7 (43.75%)

The 6-MWT @p betwesn the irtervertion group and (flow-based)mproved from an average of
34756+111.74 t0452.825+100.281. (p-value 0005). Accordingto the findings of Churg etal. (2021), breathing
exercises with thénspiratory Muscle Tainer device can improve the fumanal status of asthmatic patisn
within 6 MWT. Majewskiet al. (2015) also uwygested that breathing exercises with thaspirabry Muscle
Trainer device camprowe the funcibnal status of asthmatic patients.

Incentive Sprometry deviceis based on the voime of inspiration (volumedriented) or airflow (airflow-
oriented) (Flow- oriented). Thelncertive Sprometry-(flow-based) systemarnsids of three chanbers, eah with
a phere. The ball will be elevated its chanbersif the patient ppliessub-atmospheric pressure onit. Lifting the
first ballrequires a600 mL/s inspiradry flow, lifting the first and seond balls requires 900 ni/s, and lifting the
complete bal requires 1200 rb/s. Thevolume-oriented incetive sprometeris a collection of devices with a
capadty of upto 4000 mL anda one-way valve that prevens expiraton. The anourt of inspiratory volume and
flow that can lead theubject to nhale gemly is indicated Incertive sprometry is usdto help patiets inflate
their lungs to their maximum capadty and naintain that expanson. This maximum lung gpansionis suppced
to be alke to open the cdlapsedalvedi, prevening theatelectasigrom being overome. During inspiration,
maximum lung expansio raises transuimorary presute. Reinflation of alvedi keeps tem inflated during
expration, enharcing the Unds functbnal capadty (Ho etal., 2000).

The findings of this study contradict hose of Nikmah et al. (204), who found that utilizing Incertive
Sprometry considerally improvedlung function (FEV1), otherwise@assimilar resulffor measires of functbnal
statis (6-MWT distance), andquality of life in asthmatic patigs (SGRQ). There aremre discrepancies with
this research. First, a wohe-based incdive spiometerwasusedin the stidy. Second, a lorey period of exercise
is required (8weeks) and the subject was asthiogtatierts with allergic bronchial asthm.
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Di antrol/ ti Intervention/ alue (T- test
Variable b taphragmatic Incentive Spirometry PV ue(T-
reathing (n=8) (n=8) (Mean+ SD) Independent)
(Mean+ SD)
FEV1 (ml) Pretest 2167.50+465.97 2478.75+590.7 0,261
Post-test 2061.25+383.60 2620+640.2 0,053
Paired t-test 0,248 0,192
Difference Pre and Post test 106,25+283,44 -141,25+276,94 0,076
% 3,74 -6,13
FVC Pretest 2708,75+527,18 3041,25+748,91 0,322
(ml) Post-test 2690.00+471.835 3331.25+658.297 0,042*
Paired t-test 0,927 0,009*
Difference Pre and Pbtest 18,75+556,29 -290+231,82 0,169
% -1,50 -10,86
6-MWT Pretest 398,25+106,48 347,56+111,74 0,369
(m) Post-test 438.750+52.0913 452.825+100.2817 0,730
Paired t-test 0,115 0,005*
Difference Pre and Post test -40,5+71,91 -105,26+74,72 0,099
% -17,5 -37,6
ACT Score  Pretest 15,75+4,06 17,75+2,5 0,2
Post-test 17.00+5.071 17.75+3.694 0,740
Paired t-test 0,858 1,000
Difference Pre and Post test -1,25+6,73 0+2,72 0,634
% -20,9 0,07
Total Pretest 2041,60+982.36 1594, 10+802,60 0,335
SGRQ Post-test 1725.32+881.98 1243.92+863.92 0,289
Score Paired t-test 0,056 0,094
Difference Pre and Post test 316,27+390,89 350, 17+511,22 0,884
% 20,7 28,17
Symptom Pretest 378,15+ 102,3 279,26+148,5 0,303
Score Post-test 313,7+154,63 235,80+153,43 0,329
(SGRQ) Paired t-test 0,252 0,304
Difference Pre and Post test 64,65+140,87 43,46+110,7 0,745
% 15,34 21,78
Activity Pretest 665.1+391.47 642,23+308)5 0,898
score Post-test 600.62+403.82 41531+277.39 0,303
(SGRQ) Paired t-test 0,366 0,041*
Difference Pre and Post test 64,56+198,1 226,92+256,56 0,172
% 10,61 32,66
Impact Pretest 998.26+535.22 672.60+381.40 0,183
score Post-test 81100+448.80 592.81+489.40 0,368
(SGRQ) Paired t-test 0,056 0,422
Difference Pre and Pdgest 187,26+231,8 79,78+264,7 0,402
% 24,98 27,47

JRP.ORG
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Improvemets in diaphragmatc muscle stragth may be the mehanism of inprovementin lung function
(FVC), functbnal status (6-MWT), andjuality of life (SGRQ) identifiedin the irtervertion group of ths study.
Deep and slowbreathing errcises withincertive Sprometry are pgormed with an ingrument that provides
visual feedback. Tis feedback cold help mtents montor their exercise sks at home and provide are
mativation tha urassisted daphragmatic workouts. Flow-based analume-based in@rtive sprometers have
different fhysiological effects.Flow-oriented incentive spirometry eng@gesincreasedeagiratory efbrt and
upper-chesmuscular performance. The Coach-2dget (volume-oriented), requires lesbreathing effort and
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enhances thphragmatic adivity. Whencomparing the &eds of diaphragmatic breathng, flow, and volume-
based Incertive Spiometry on diaphragmatic exairsions and lung dnction in postiaparosaopic patients,
Alaparthi and s team (2@6) found tha diaphragmaticbreathing ad vdume-basedncertive Spgrometry
exercises significantly preventirlg function deine as measired by FVC. To date, there are naudtes that
compare the #ediveness of tilizing flow-based and volume-batadertive Sprometry for asthmatic patients.

Therewere four mnor adverse evets recorded dring the research, and noajor adverse events. In the
intervertion gioup, onemoderate dverse evenvasobseaved, while threeincidertswere reportedin the ontrol
group. One ocurrerce in the intevertion goup was the gart of chesttightness, which made the participant
fearful of anexacerbatin. Finally, the participant witdrew from the research. Aefvdays laterafollow-up exam
reveabdthatthe ®reness bd subsidedand tadreturnedto normd. Exacerbatinsrosein the frst control group
of subjects because of increabadivity at work. This exacdation can be treated with a medicatioattine
paient already hason hand. 8hjects finally droppel ou of the stidy because they stragl too far from its
parameters. Actherindividual complairedof exhaugion; it waslater disovered that the sibject had performed
the exercisanore frequently andor longer than the required number of repetitims. Re-@ucaion was given,
and the ghjectfollowed the stdy's ingructions, reaulting in the patient'sandtion improving ornce more. After
exercise, aother person in the antrol group compainedof hearburn and nause®ne subject of idphragmatic
breathing exercispressing the abdomertrendy in the hope of poviding greater resignce to the dereasen
the daphragm. The patientiprovedafter being re-#@ucated on the techrattraining and contiuedthe exercise
programurntil it wascompeted Neither group expeienced any rajor adverse evets during the esarch.

Incertive Sprometry-(flow-based)is the most widely utilized canplementto regiratory rehabilitation
programs in théhospital where the studwas conducted, andit is avalable in pharmacies anchosptals at a
reamnable price.

This study hasseveal limitations including: 1) The reseah techngueis not blinded. The same researcher
randonized the participants, obsedthe exercise mgram'sprogress, and collected datalfowing the exezise
time. 2) Outside of the exercise gram, physical ativity andallergen exposure of researh subjects ould not
be conrolled, even though participtshad been instructed nod participateén other $ructured physical exercise
programs ando prevent allegy expaosure during the stidy. There are tl vaiables beyond the researchsr’
control that can df ect the patient'saritrol status and quality dif e. The fanly witnessesthe patient's comimnce
with the exercise regimen, whithrecadedon a nonitoring card filledout by the patienhimself. Video cdls,
phore caversatons, andhouse vists were also used to montor the guation. Aside from that, tis reseach
method hasdisalvartagesin terms of ersuing that the patient pdorms the ativity correctly and bediently. 3)
After the patient bd execisedfor a longer period of time, no mnitoring or follow-upwasdore, therdore the
additional improvement effes that came after a lager period of exercisevere not documerted. 4) Other metrics
that diredly reflectmuscular stragth improvemen, swch as Pl max and/or biofeedback, werenot measiredin
this study.

Conclusion

We may conclude from the findings of this study that providing asthmatics withome-basd exercise using
Incertive Sprometry-(flow-based) influences raisingVC (p 0.009), 6-MWT dignce ¢ 0.005), and atvity
smre d quality of life (SGRQ) (p 0.041).
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