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Purpose: Pulmonary function and functional capacity gets compromised and reduced after open abdominal sur-
gery. We assessed whether Preoperative physiotherapy education (POPE) along with postoperative physiother-
apy (POP) preserve pulmonary function and functional capacity after open abdominal surgery among Pediatric
population. Hence, the goal of this study was to determine the effectiveness of POPE combined with POP against
the standard treatment care of, Postoperative physiotherapy (POP) only in improving pulmonary function and
functional capacity in pediatric open abdominal surgery.
Methods: Twenty one children aged, 5–17 years old undergoing the open abdominal surgerywere randomized to
POPE and POP group (Intervention arm 1) and Postoperative physiotherapy group (POP) only group (Interven-
tion arm2). Primary outcomemeasurewas pulmonary functionmeasured by computerized spirometry. Sixmin-
ute walk test (6MWT), Tenmeter walk test (10mWT), Timed up and go test (TUGT) and Nine stair climbing test
(9SCT) were used as secondary outcome measures to measure functional capacity along with chest expansion.

Pulmonary function measured by spirometery, 10mWT, TUG and chest expansion were measured 1 day before
undergoing abdominal surgery (Pre-OP), post-operative day 1 (POD1) and post-operative day 5 (POD5) while
6MWT and 9SCT were measured only at POD1 and POD5.
Results: Eighteen children who were undergoing open abdominal surgery completed this trial.
No statistical difference were noted in Spirometric parameters from Pre-OP to POD5 in both the groups,
they are almost approximate to preoperative values, but from POD1 to POD5, statistical difference were
noted in all the Spirometric parameters in Intervention arm 1 as compared to Intervention arm 2. Statistical
significant improvement (p b 0.05) were noted in TUGT, 10mWT, 9SCT from Pre-OP to POD5 and from POD1
to POD5 also in Intervention arm 1 as compared to Intervention arm 2.
Conclusion: There is sufficient evidence to confirm that POPE combined with POPmight improve pulmonary
function and functional capacity in children undergoing open abdominal surgery.
Type of study: Treatment study.
Level of evidence: Level I.
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Pulmonary function is doubtlessly affected after open abdominal

surgery, because of the pain caused by incisions and the physiological
changes caused by the surgery [1]. A patho-physiological reduction in
respiratorymuscle function and lung volumes due to the effects of anes-
thesia and surgical duration leads to decrease in pulmonary function,
functional capacity and risks of postoperative pulmonary complications
(PPC) after open abdominal surgery [2]. Anesthesia and surgical dura-
tion inhibits cough reflex and depresses mucocilliary clearance, which
further contributes to PPC and decrease in pulmonary function [2].

The role of physiotherapy in this area is very essential. Preoperative
physiotherapy education (POPE) given for 30 min prior to the surgery
helps in preserving pulmonary function and functional capacity after
open abdominal surgery [3]. Preoperative inspiratory muscle training
with power breathe device for 15 min, twice a day helps in improving
inspiratory muscle power. The other Physiotherapeutic interventions
consists of deep breathing exercises and segmental breathing exercises
helps in preserving pulmonary function andminimizing the risks of PPC
[3]. Aerobic exercises, pelvic and trunk rotation exercises, relaxation ex-
ercises and limb active range of motion exercises performed for 50 min
prior to the surgery also helps in preserving pulmonary function and
promoting exercise adherence post-surgery [4]. Preoperative physio-
therapy along with postoperative physiotherapy (POP) also shows im-
provement in children with cardiac surgery [5].

TheSixminutewalk test (6MWT) isused tomeasure cardiovascular en-
durance and functional capacity following abdominal and cardiac surgery.
Spirometry is a gold standard outcomemeasure, used to assess pulmonary
function [6]. Spirometry and 6MWTare excellent tests for assessing pulmo-
nary function and functional capacity before and after open abdominal sur-
gery [7] .To best our knowledge, there is no study available, determining
and comparing the effects of POPE following POP, and POP only in children
undergoing open abdominal surgery. Therefore, the aim of our study is to
determine and compare the effects of POPE following POP, and POP only
in children undergoing abdominal surgery. We hypothesize the null hy-
pothesis as no significance difference in the outcomes between POPE with
POP and POP only. Similarly, the alternate hypothesis as significant differ-
ence in the outcomes between POPE with POP and POP only.

1. Patients and methods

1.1. Ethical statement

This was a two group pretest posttest, Open label, randomized clinical
trial undertaken at Pediatric surgery ward, department of Pediatrics of a
recognized tertiary care teaching hospital with children enrolled and
followed-up between August, 2018 andMarch, 2019. Purposive sampling
was used to recruit sample from the children admitted in the pediatric
surgery ward. Informed assent and consent were taken from children
along with parental consent before their recruitment. Ethical clearance
was obtained from institutional research ethics committee of Maharishi
Markandeshwar (Deemed to be university), Mullana, Ambala, Haryana
(IEC/MMU/2018/1189) on 12 June, 2018. The study was registered in
Clinical trials.gov with unique reference number NCT03543904, on 1
June, 2018. The study strictly followed the standard ethical principles
adopted by World Medical Association which include the medical re-
search involving human subjects, Helsinki declaration, Revised 2013,
and the ethical guidelines adopted by the Council for International Orga-
nizations of Medical Sciences (CIOMS), the international ethical guide-
lines for health-related research involving human subjects (Revised,
2016). The study also adopted the ethical guidelines that followed the na-
tional ethical guidelines for biomedical and health research involving
human participants by Indian council of Medical Research (ICMR), 2017.

1.2. Inclusion criteria

Children admitted in the pediatric surgery ward, planned for the
open abdominal surgery through the following abdominal incisions-
inguinal incision, left subcostal incision, right subcostal incision, Kehr
incision, McBurney incision, transverse incision, thoraco-abdominal in-
cision, Median and Paramedian incision were included. Children aged
between 5 and 17 years, who follow and obey simple commands, and
willing to participate in the trial were included in the study.

1.3. Exclusion criteria

Children with mental retardation, physical disability, children with
other surgeries, and other medical condition which prevent them in
participating in the trial were excluded from the study.

1.4. Randomization and blinding

Randomization was performed by using 1:1 simple randomization
method [8]. Blinding of the participants was not possible, as it was an
open label trial [9].

1.5. Study procedure

Total 32 children were screened for the eligibility and assessed for
the enrollment. Out of 32, eight childrenwere not found eligible accord-
ing to the inclusion criteria, and parents of three children were refused
for participation of their child in the study. Therefore a total of 21 chil-
dren who were undergoing open abdominal surgery were recruited in
this study. Eleven children were allocated to the intervention arm 1 re-
ceiving POPE and POPwhile 10 children were allocated to the interven-
tion arm 2 receiving POP only. In the intervention arm 1, children
received preoperative assessment and POPE approximately 30min, sin-
gle session, and 1 day before surgery during their admission for surgery.
POPE mainly consisted of deep breathing exercises, trunk and pelvic
mobility exercises and leg range of motion exercises. POP consisted of
deep breathing exercises, segmental breathing exercises, active cycles
of breathing techniques (ACBT), limb range of motion exercise and
early ambulation program. The children in the intervention arm 2 re-
ceived the above POP only. Children in both the group were assessed
1 day before surgery (Pre-OP), on Postoperative day one (POD1) and
Postoperative day five (POD5). Follow up on POD1 was taken because
to see that how much pulmonary function was decreased immediately
after surgery and with the help of physiotherapeutic interventions, to
what extent itmight got increased on POD5. These exerciseswere incor-
porated into the protocol as in Supplementary File 1, titled, “Post ab-
dominal surgery rehabilitation protocol (PARP) adapted from Neha's-
Post abdominal surgery rehabilitation protocol (N-PARP)” ©Neha
Sharma and copyrighted under the Copyright office, Government of
India with unique registration no: L-79385/2018 dated 10th December,
2018 as given in our published pilot study [10]. The research work per-
formed has been reported in line with Consolidated Standards of
Reporting Trials (CONSORT) Guidelines and CONSORT flowchart
highlighting the blueprint of the trial is displayed in Fig. 1.

1.6. Outcome measures

1.6.1. Primary outcome
Spirometry was the primary outcome measure used to assess pul-

monary function before and after open abdominal surgery. FVC (Forced
vital capacity), FEV1 (Forced expiratory volume in 1 second), FEV1/FVC
Ratio (Tiffeneau-Pinelli index), and PEFR (Peak expiratory flow rate)
were the Spirometric measurements taken. These measurements were
taken Pre-OP, POD1 and POD5.

1.6.2. Secondary outcome
Six minute walk test (6MWT) was used to assess the functional

capacity after open abdominal surgery. 6MWT measurements were
taken on Pre-OP and POD5 along with Borg's Rate of Perceived

http://trials.gov
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Exertion (RPE) scale. Other secondary outcome measures including
Ten meter walk test (10mWT), timed up and go test (TUGT) and
chest expansion were taken on Pre-OP, POD1 and POD5. But nine
stair climbing test (9SCT) were measured on two occasion, Pre-OP
and POD5.

1.7. Data analysis

Data were recorded using the statistical software, statistical package
for the social sciences (SPSS) version 20.0 (Armonk, NY: IBMCorp.) Nor-
mality of the collected data were analyzedwith ShapiroWilk test as the
sample size was lesser than 50 [11]. As the data were not normally dis-
tributed, the variables were summarized as median and inter quartile
range (IQR). Both the groups were compared preoperatively with
POD1 and POD5 variables. Mann-Whitney U test was used for between
the group comparison to establish the statistical significance among
Pre-OP, POD1 and POD5. Friedman test and Wilcoxon Signed rank test
were used forwithin the group analysis to establish the statistical signif-
icance. A p-value of b0.05 was considered as statistically significant. Ef-
fect size and post hoc power analysis were performed to determine the
level of type-II error. Within the group effect size was calculated by
Cohen's d effect size index using the formulae: (M1-M2) ÷ SDPre,
Fig. 1. Modified Consolidated Standards of Reporting Trials (CONSORT) flow diagram fo
intervention group relating to care providers and centers has been added. IQR = interquartile
where M1 is themean of preoperative value, M2 is themean of postop-
erative values and SDPre is the standard deviation of baseline values
which are specified in Table 3 and Table 4. Between the group effect
sizes were calculated using Hedges' g formulae: [(M1-M2) ÷ SD⁎Pooled]
X {[(N-3) ÷ (N-2.25)] X [√ (N-2) ÷ N]} [12], as both the groups were
dissimilar in size and sample size was less than 20 (n b 20). By using
Hedges' g inflation of bias could be minimized [12–15]. Effect sizes
within the group and between the group were interpreted according
to the Cohen's Classification: 0.2 = Small change, 0.5 = Moderate
change and 0.8 = Large change [14]. Intention to treat analysis (ITT)
for three missed to follow up cases were not performed because for
performing ITT, the minimum required sample should be at least 45
participants in each group. Hence, only per-protocol analysis was per-
formed [16].

2. Results

Out of 21 children who underwent open abdominal surgery, three
children were missed to follow up. Two from the intervention arm 1
and one from the intervention arm 2 were the drop-outs. Hence, in
the final trial nine children received POPE and POP whereas nine chil-
dren in other group received POP only. The final sample population
r the randomized clinical trial of nonpharmacologic treatments. An extra box per
range; max = maximum; min = minimum.

Image of Fig. 1


Table 1
Demographic characteristics of children undergoing open abdominal surgery.

Demographic
dimensions

Intervention Arm 1
(Median and IQR)

Intervention Arm 2
(Median and IQR)

P Value

Age (years) 12 (11,15) 12 (7.5, 13.5) 0.22
Height (Cm) 135 (121.5, 152.5) 129 (120, 161) 0.65
Weight (Kg) 29 (26.5, 39.5) 29 (26.5, 37.5) 0.80
BMI (Kg/m2) 16.5 (14.1, 18.7) 17.6 (15.5, 18.9) 0.31

POPE, preoperative physiotherapy education; POP, postoperative physiotherapy; BMI,
body mass index; IQR, interquartile range.
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consisted of 18 children aged between 5 and 17 years. Detailed demo-
graphic dimension of the children recruited are displayed in Table 1.
Within the group comparison of spirometric parameters, 10mWT,
TUGT and chest expansion on Pre-OP, POD1 and POD5 using Freidman
test and Wilcoxon signed rank test for 6MWT and 9SCT are given in
Table 2. Between the groups comparison of outcome measures on Pre-
OP and POD5 were compared using Mann-Whitney U test are given in
Table 3. Effect size within the group and between the groups was also
reported in Table 3. Between the groups comparisons of outcomemea-
sures on POD1 and, POD5 values using Mann-Whitney U test are given
in Table 4. Effect size within the group and between the groups were
also calculated with Hedges' g formulae [12,15,17] and displayed in
Table 4. As priori sample size calculation was not performed, G *
Power 3.1.9.4 software (Heinrich-Heine-Universität Düsseldorf,
Düsseldorf, Germany; http://www.gpower.hhu.de/) was used to calcu-
late power of the study using post-hoc power analysis [18]. From
Table 3, it was evident that the study is sufficiently powered (power
of the study N90%) for the outcome measures, TUGT (100% power),
6MWT (94% power), and 9SCT (93% power). From Table 4, it is evident
that the study is sufficiently powered for the outcome measures, FVC
(99% power), FEV1 (98% power), PEFR (91% power), T4 (99% power),
T10 (99% power). Hence, there is sufficient evidence to prove that the
pulmonary function and functional capacity is preserved in POPE
group among children undergoing open abdominal surgery and the
level of type-II error is less than 10%.

3. Discussion

Pulmonary function and functional capacity is undoubtedly affected
following open abdominal surgery because of the prolonged effects of
anesthesia and surgical duration which further leads to PPC [19].
Therefore, POPE might have positive effects on pulmonary function
after open abdominal [10]. In contrary to this, our study proved
alternate hypothesis found to be true, as significant difference were
noted in pulmonary function (primary outcome measure) in POPE and
POP group (Intervention Arm 1) as compared with POP only group
Table 2
Within-group comparison of outcome measures between Pre-OP, POD1 and POD5.

Intervention Arm 1

Outcome
measures

Pre-OP POD1 POD5

FVC (%)* 74 (72.5, 91) 58 (46.5, 63.5) 77 (68, 93.5)
FEV1 (%)* 87 (63, 103) 53 (51.5, 71.4) 83(60.5, 95.5)
PEFR (%)* 75(41, 96) 34 (30, 64.5) 70 (44.5, 85.5)
FEV1/FVC Ratio (%)* 106 (89,117) 83 (64,100) 98 (82, 116)
10mWT (m/s)* 12.7 (11.5, 14.3) 19.8 (18.5, 22.0) 16.9 (14.6, 18.9)
TUGT (s)* 12.9 (11.4, 14.1) 21.1 (18.4, 25.6) 20.8 (17.2, 23.9)
T2 (cm)* 2.3 (2.0, 2.7) 1.5 (0.6, 1.6) 2.1 (2.0, 3.0)
T4 (cm)* 3.9 (3.1, 4.6) 2.1 (1.5, 2.7) 3.8 (2.2, 4.4)
T10 (cm)* 4.8 (4.2, 5.5) 2.5 (1.6, 2.9) 4.0 (3.5, 4.9)
6MWT (m) † 469 (409, 492) -------------------- 410 (380, 413)
9SCT (s) † 12.9 (10.5, 16.7) -------------------- 17.4 (16.0, 25.7)

Abbreviations: FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1 second; PEFR, P
test; 10Mwt, Ten meter walk test; POPE, Preoperative physiotherapy education; POP, Postoper
ative day five; T2, Axillary level; T4, Nipple level; T10, Xiphi-sternum level; 6MWT, Six minute
(Intervention Arm 2), from Table 4. This was further confirmed and justi-
fiedwith effect size (N0.8) and power analysis (N90%) as given in Table 4.
Respiratory physiotherapy is widely used to maintain pulmonary
function after abdominal surgery [20]. The study was performed on 21
children with three missed to follow up cases. Abdominal surgery
might lead to change in pulmonary function after abdominal surgery.
According to American Thoracic Society (ATS) guidelines, Spirometry is
an “excellent” outcome measure, used for assessing pulmonary function
[21]. We included Spirometry in our study for assessing pulmonary func-
tion in children undergoing abdominal surgery. Main parameters used in
spirometry are FVC, FEV1, PEFR, and FEV1/FVC Ratio. The present study
compared POPE combined with POP against the common mode of post-
surgery rehabilitation, POP only in preserving pulmonary function and
functional capacity in children undergoing open abdominal surgery. Pul-
monary function and functional capacity is preserved after open abdom-
inal surgery as compared to the preoperative measurements in POPE
group. No adverse effects of the physiotherapeutic interventions were
noted in both the groups. The advantage of POPE along with POP helps
in preserving pulmonary function, functional capacity, and minimizing
the risks of PPC after open abdominal surgery. We conducted this study,
to compare the effects of POPE followed by POP, and POP only to confirm
the internal validity of this trial, because internal validity can't be verified
without the comparison group as in our previous study [10].

Previous studies have shown that POPE helps in preserving pulmo-
nary function in open abdominal surgery in adult age group. In previous
literature [19], on adult age group, Spirometry parameters (FVC, FEV1,
and PEFR) were taken before and after surgery. Immediately after sur-
gery, on POD1, POD2, and POD3, Spirometric parameters were reduced
as compared to the preoperative values, but on POD4 and 5, significant
improvementwere noted in Spirometric parameters as compared to the
Pre-OP values [19]. In our preliminary study [10], Spirometric parame-
ters (FVC, FEV1, FEV1/FVC ratio and PEFR) were decreased on POD1 as
compared with Pre-OP values but on POD5, Spirometric parameters
were getting improved. In present study, FVC only improved in POPE
and POP group (Intervention Arm 1) from Pre-OP to POD5 as compared
to the POP group, shown in Table 3. Within the group analysis showed
improvement (p b 0.001) in all the Spirometric parameters in POPE
and POP group (Intervention Arm 1) as shown in Table 2. 6MWT is con-
sidered as exceptionally important for testing cardiopulmonary endur-
ance [7]. In previous study [22] among adult population, 6MWT was
taken along with Spirometry, for measuring functional capacity and
PPC after abdominal surgery. Patients in the experimental group
showed increase in the scores, while compared to the control group
[22]. In our preliminary study [10], 6MWT values decreased on POD5,
when compared with Pre-OP values. But, in the study, statistical
significant difference were noted in the 6MWT values in both the
groups (Intervention Arm 1 and Intervention Arm 2) (p b 0.05) as
Intervention Arm 2

P-Value Pre-OP POD1 POD5 P-Value

b0.001 62 (49.5, 106.0) 39 (27.0, 47.0) 56 (48, 67) b0.001
b0.001 57 (37.0, 65.0) 36 (26.0, 48.0) 58 (48.5, 65.5) b0.001
b0.001 32 (29.0, 53.0) 29 (19.0, 32.0) 46 (38.5, 72.5) b0.001
b0.001 92 (64.0, 106.0) 84 (75.0, 103) 89 (66, 102.5) b0.001
b0.001 13.1 (11.8, 14.8) 18.5 (16.9, 20.8) 19 (17.1, 20.2) b0.001
b0.001 16.2 (11.7, 19.8) 23.9 (20.1, 25.0) 21.8 (18.7, 24.3) b0.001
b0.001 2.0 (1.5, 2.1) 1.0 (0.5, 1.5) 1.5 (1.5, 2.0) b0.001
b0.001 2.9 (1.7, 3.3) 1.5 (1.5, 1.9) 2.3 (1.8, 2.7) b0.001
b0.001 4.1 (3.1, 4.3) 2.0 (1.7, 2.5) 3.0 (2.7, 3.6) b0.001
b0.001 423 (365, 513) ------------------- 381 (341, 468) b0.001
b0.001 15.3 (13.9, 16.0) ------------------- 18.8 (17.0, 21.6) b0.001

eak expiratory flow rate; FEV1/FVC ratio, Tiffeneau-Pinelli index; TUGT, Timed up and go
ative physiotherapy; Pre-OP, Preoperative; POD1, Postoperative day one; POD5, Postoper-
walk test; 9SCT, Nine stair climbing test; *Fried man test; † Wilcoxon signed rest.



Table 3
Comparison of outcome measures between Pre-OP and POD5 values.

Intervention Arm 1 Intervention Arm 2

Outcome measures Pre-OP–POD5 P-Value Effect size
within
the group‡

Power Pre-OP–POD5 P-Value Effect size
within
the group‡

Power P-Value
between
the groups

Effect size
between
the group§

FVC (%)* 4 (−1.5, 5) 0.26 0.11 6.0% 6 (2.5, 20) 0.04 0.42 19% 0.13 0.68
FEV1 (%)* 4 (−1.5, 8) 0.14 0.15 6.7% 4 (−18, 7) 0.55 0.25 9.8% 0.38 0.02
PEFR (%)* 4 (−7, 9.5) 0.68 0.02 5.0% -1 (−21, 5) 0.40 0.44 20.4% 0.43 0.4
FEV1/FVC Ratio (%)* 2 (−4, 16.5) 0.44 0.35 14.5% 7 (−13.5, 22) 0.55 0.15 6.7% 0.93 0.05
10mWT (m)* −3.6 (−4.6, −3.1) 0.01 −0.60 33.7% −6.5 (−8.3, −1.5) 0.01 2.04 99% 0.54 0.45
TUGT (s)* −7.4 (−10.9, −3.1) 0.01 −3.04 100% −5.6 (−8.9, −1.9) 0.02 1.43 95% 0.54 0.39
Chest expansion T2 (cm)* 0.1 (−0.3, 0.5) 0.51 0.14 6.5% 0.1 (−0.1, 0.50 0.13 0.60 3.3% 0.73 0.26
T4 (cm)* 0.4 (0.05, 1.41) 0.06 0.54 28% 0.3 (−0.6, 1.4) 0.37 0.30 1.2% 0.60 0.18
T10 (cm)* 0.5 (0.3, 1.2) 0.01 1.00 72% 0.5 (−0.2, 1.5) 0.06 1.16 83% 0.60 0.00
6MWT (m) † 59 (37, 82) 0.01 1.41 94% 35 (18,48) 0.00 0.65 38% 0.11 0.76
9SCT (s) † −5.4 (−8.0, −4.0) 0.00 1.00 93% −3.7 (−5.7, −2.9) 0.01 2.6 99% 0.10 1.20

Abbreviations: FVC, Forced vital capacity; FEV1, Forced expiratory volume in one second; PEFR, Peak expiratory flow rate; FEV1/FVC ratio, Tiffeneau-Pinelli index; TUGT, Timed up and go
test; 10Mwt, Ten meter walk test; Pre-OP, Preoperative; POD1, Postoperative day one; POD5, Postoperative day five; POPE, Preoperative physiotherapy education; POP, Postoperative
physiotherapy; T2, Axillary level; T4, Nipple level; T10, Xiphi-sternum level; 6MWT, Six minute walk test; 9SCT, Nine stair climbing test; *Mann-Whitney U test; †Wilcoxon Signed
Rank test; ‡Cohen's d formulae; §Hedges g formulae.
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shown in Table 3. Within the group analysis showed improvement in
6MWT values on POD5. The values are approximate equal or near to
Pre-OP in both the groups as displayed in Table 2.

For other outcome measures such as 10mWT, TUGT, 9SCT, and chest
expansion, no evidence is available in adult and pediatric abdominal
and thoracic surgeries. We used 10mWT, to measure the risk of fall [23],
TUGT for measuring balance and functional mobility [24], 9SCT for mea-
suring functional capacity [25] and chest expansion [26] for measuring
chest wall mobility in children undergoing open abdominal surgery. The
cutoff score of 10mWT is more than 10s which predicts risks of fall [27].
In our preliminary study [10], children completed the test in 16.8 s,
which is more than 10s and similar findings were observed in the
study. Children in POPE group completed the test in 16.9 s, whereas chil-
dren in POP group completed the test in 19 s on POD5which is shown in
Table 2. Between the group analysis revealed statistical significance differ-
ence as (p b 0.05) shown in Table 3.We also used TUGT, to assess balance.
TUGT is having very good correlationwith balance in among the pediatric
population (r = 0.97) [27], so this test was used in the study. A standard
reference norm of healthy children for this test is ranged between 3.2 s
and 6.7 s [27]. In our preliminary study [10], children completed the test
ranged between 12.2 s and 16.0 s. Similar results were obtained in the
study, children in Intervention Arm 1 completed the test in 20.8 s on
POD5, whereas in Intervention Arm 2, children completed the test in
21.8 s shown in Table 2. No statistical significant difference (p N 0.05)
were noted among TUGT scores between the groups as shown in
Table 3. Children took more time to complete the test before and after
Table 4
Comparison of outcome measures between POD1 and POD5 values.

Intervention Arm 1

Outcome measure POD1-POD5 P-Value Effect size
within
the group‡

Power

FVC (%)* −17.0 (−31.5, −6.7) 0.00 1.8 99%
FEV1 (%)* −18.5 (−31.7, −5.2) 0.00 1.4 98%
PEFR (%)* −17.5 (−34.5,-8.0) 0.00 1.1 91%
FEV1/FVC Ratio (%)* −16.5 (−27.2, −1.75) 0.00 0.7 55%
TUGT (s)* 1.75 (− .67, 4.6) 0.37 0.2 15%
10mWT 2.40 (− .01, 4.0) 0.00 0.7 55%
Chest expansion T2 (cm)* −1.0 (−1.6,-.15) 0.02 1.0 88%
T4 (cm)* − .70 (−1.7,-.30) 0.05 1.6 99%
T10 (cm)* −1.0 (−2.3,-.57) 0.00 2.2 99%

Abbreviations: FVC, Forced vital capacity; FEV1, Forced expiratory volume in one second; PEFR,
test; 10Mwt, Ten meter walk test; Pre-OP, Preoperative; POD1, Postoperative day one; POD5,
physiotherapy; T2, Axillary level; T4, Nipple level; T10, Xiphi-sternum level; POPE, Preoperat
‡Cohen's d formulae; §Hedges g formulae.
open abdominal surgery might be due to the pain over the incision site.
The stair climbing test was used for measuring functional capacity before
and after surgery [28].We used 9SCT, aswe anticipated children aremore
active and having more functional capacity after surgery as compared to
the adult population. In our preliminary study [10], statistical significant
difference (p b 0.05) were noted between Pre-OP and POD5 values. In
the present study, children completed the test in 17.4 s, which is approx-
imate to the preoperative values in Intervention Arm 1, whereas in
Intervention Arm 1 children completed the test in 18.8 s as shown in
Table 2. No statistical significant difference were noted between preoper-
ative and postoperative values between the groups (p N 0.05) shown in
Table 3. Chest expansion is mainly used to measure chest wall expansion
and thoracic mobility in patients with thoraco-abdominal surgery [29].
We assessed chest wall expansion and thoracic wall mobility in all the
three levels in our study. In our preliminary study [10], no statistical
significant differenceswere noted in preoperative and POD5 chest expan-
sion values. In our main study, statistical significant difference were only
noted in T10 chest expansion level (p b 0.05), whereas at the level of T2
and T4, no statistical significant difference were noted between the
groups (p N 0.05) shown in Table 3. Within the group analysis showed
significant difference (p b 0.05) in the both groups. Results showed im-
provement in chest expansion and thoracic mobility, as the POD5 values
are approximate to the Pre-OP values in Intervention Arm 1 as shown
in Table 2.

Single centered study, small sample size and single preoperative phys-
iotherapy session were the main limitations of the study which might
Intervention Arm 2

POD1–POD5 P-Value Effect size
within
the group‡

Power P-Value
between
the groups

Effect size
between
the group§

−15.0 (−27.0, −8.5) 0.00 0.7 55% 0.73 0.29
−15.0 (−30.5, −5.0) 0.01 0.7 59% 0.60 0.19
−22.0 (−35.5, −9.5) 0.00 1.9 99% 0.86 0.04
−18.0 (−29.5, 16.0) 0.37 0.2 14.1% 0.93 0.13
1.4 (− .20, 3.2) 0.15 0.2 15.2% 0.73 0.10
0.10 (−2.1, 2.7) 1.00 0.0 0.5% 0.01 0.95
−0.7 (−1.0,-.01) 0.01 1.5 99% 0.73 0.22
−0.7 (−1.2, − .30) 0.04 2.0 99% 0.60 0.24
−0.90 (−1.9,-.20) 0.02 1.8 99% 0.60 0.00

Peak expiratory flow rate; FEV1/FVC ratio, Tiffeneau-Pinelli index; TUGT, Timed up and go
Postoperative day five; POPE, Preoperative physiotherapy education; POP, Postoperative
ive physiotherapy education; POP, Postoperative physiotherapy; *Mann-Whitney U test;
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affect the generalizability of the results. Moreover, the participants in
this study represented a convenience sample of children recruited
from the pediatric surgery ward posted for open abdominal surgery
which might have led to some degree of selection bias. Nevertheless,
this was the first study among pediatric population in open abdominal
surgery to estimate the effects of preoperative physiotherapy education
in pediatric population. Though the study had small sample size, the
study was sufficiently powered. As this clinical trial compared the
new proposed intervention (POPE and POP) against the standard care,
POP in the children undergoing open abdominal surgery, this can be
rightly called as phase-III randomized clinical trial [30]. Future studies
can target larger sample size extending into phase-IV randomized
clinical trial to see beneficial effects of POPE in children undergoing
laparoscopic or open abdominal surgery.

4. Conclusion

There is sufficient evidence to confirm that POPE might have a pos-
itive effect in improving pulmonary function and functional capacity.
Thus the feasibility N-PARP protocol regarding POPE and POP is
established and verified. Hence, the protocol can be applied safely in
the children undergoing open abdominal surgery.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2020.04.007.
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