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Abstract. Specifics of using thoracic bandage after cardiac surgery via sternotomy and its impact on reducing pain

during therapeutic exercises. Vitomsky V.V., Vitomska M.V., Lazarieva O.B. Purpose: to investigate specifics of
using thoracic bandage after cardiac surgery via sternotomy and its impact on reducing pain during therapeutic

exercises. In order to study specifics of using a postoperative thoracic bandage on the seventh postoperative day patients

(n=252) were asked two questions about the force of thorax compression exerted by the bandage. As soon as the questions

were answered, the degree of thoracic bandage tension was also assessed by a physical therapist. Thereafter, some

patients (n=44; who did not take painkillers within 12 hours before the examination) assessed pain on a numeric rating
scale (10 points — maximum pain, 0 points — no pain) as follows: at rest, when coughing and moving their upper
extremities (arms forward, sideward, upward), when wearing a bandage with and without a load (dumbbells 1 and 2 kg
for each arm); then all points of the scale were assessed without wearing a thoracic bandage. Most of the patients noted
that the bandage exerted light compression (184 patients) and did not restrict deep breathing (220 patients). The

evaluation performed by a physical therapist found that a thoracic bandage had only a slight degree of tension in most
of the patients (194 patients or 76.98%), since it was easy to slip the hand between the patient’s back and the bandage,

stretching the latter with minimal effort. The use of a thoracic bandage had no impact on the pain when patients moved
their upper extremities. The obtained pain rates were very low. The highest pain rates were obtained during coughing.

When moving arms the level of pain did not change statistically as compared with the state of rest. Arm position and load
increase within specific limits had no impact on pain level. The use of a postoperative thoracic bandage is characterized by its

mild tension, which does not limit deep breathing and, consequently, cannot limit the increase of chest circumference during
dehiscence. The assessment of tension performed by physical therapists was consistent with the patients’ responses. The use of
a bandage did not reduce the level of pain when patients moved their upper extremities and coughed.

Pedepat. Oco0,1MBOCTi BUKOPUCTAHHS TOPAKAJIBLHOI0 GaHIa:Ka MicJisi onepauiii Ha cepui 3i cTepHOTOMI€IO Ta HOTO
poJb y 3MeHIIeHHiI 00JIl0 NpWM BUKOHAHHI TepameBTUYHUX Bnpas. Biromcbkuii B.B., Biromcbka M.B.,
Ja3zapea O.B. Mema — oocrnioumu ocobausocmi GUKOPUCMAKH MOPAKATbHO20 bandaxca nicis onepayitl Ha cepyi 3i
CMEepHOMOMIEI0 Ma 1020 POlb y 3MEeHUeHHI 00n10 NpU GUKOHAHHI MepanesmuyHux eénpas. 3 memor O00CHiOHCeHHs
ocobausocmell BUKOPUCMAHHS NICAAONEPAYIUHO20 MOPAKATLHO2O 0aAHOAdHCA, HA CbOMUL RICIAONEPaAyiuHull OeHb
nayieumam (n=252) cmasunucs 08a 3anumarts wWooo CUIU CIMUCKAHH banoaxcem epyonoi kuimxu. Cmynine namsey
MOPAKaiIbHO20 6AHOACA OYIHIOBABCS MAKOMNC (DI3UYHUM MEPAneemom Nicjisi HAOAHHS NAYIEHMOM 6I0nogioel Ha
sanumanns. Ilicns yvoeo uacmka nayicumis (n=44; ne npuiimanu 31ebom004UxX 6npoo0osdic 12 200un 0o obcmedicenHs)
bpana yuacmo 6 oyinyi 6010 3a uuci08ow wikanorw (10 banie — maxcumanvruil 6inv, 0 6anie — 6ine 8i0CYmHIll) 3a MAKUM
AnROPUMMOM. Y CMAHI CNOKOIO, NPU KAWL Ma NPU PyXax 8epxXHiMu KiHyiekamu (pyKu enepeod, y CmopoHuU, 820py) npu
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80scHeHOMY banoaici Oe3 ma 3 HagaHmadxcenHam (caumeni 1 ma 2 ke 0151 KOXCHOI pYKU), NOBMOPEHHs 6CIX NYHKMI8
oyinKu Oe3 GUKOPUCMANH MOPAKOAbHo20 bandadca. binvuwiicms nayienmis gioznayuna, wo 6anoaxic 30ilUCHIOE lecKke
cmuckanns (184 nayicumu) i ne obmedicye enubokuii 60ux (220 nayienmia). Oyinio8anus, Kompe npo8ooUIOCs QizuHum
mepanegmom, YCmano8uio, wo 6 OiNbocmi nayieHmie mopakanbHuti 6anOax c Mac auue aeekuli cmyninb namsazy (194
nayicumu, 4u 76,98%,), ockinbku Mixc cnunoio nayicnma ma 6anoasxcem ModxicHa OYno J1e2ko NpocyHymu OOJOHIO 1
8I0NOGIOHO po3maAemu 6aAHOAX*C 3 MIHIMATLHUMY 3YCUITAMU. Bukopucmanus mopaxaisuozo 6anoasxca He 6NIUHYIO HA
Oine npu UKOHaHMI pyxi6é GepxHimu Kinyiekamu. Ompumani nokasuuku 6omo Oyau oyoice Husbkumu. Haiibinvwi
NOKA3HUKU OMPUMAHO NPU 8UKOHAHHT Kauinio. TIpu 6ukoHanti pyxie pykamu pigeHb 60110 CMamucmuyHo He 3MIHI08A6Cs
nopieHaHo 3i cmanom cnoxoto. I1onodcenns pyx i 30i1buenHs HABAHMAICEHHS ) BKA3AHUX MEHCAX He BNAUBANL0 HA PI6EHb
oonio. Buxopucmanus nicisionepayiiino2o mopakaibHo20 OaHOANCa XapaKmepusyEmucs 1e2KUM CIyneHem io2o Hamsazy,
Kompuii He 00Medcye 2UbOKUL 80UX i, BIONOBIOHO, He 3MOJHCe 0OMeNHCUMMU 30IbULIEHHS OKDPYIHCHOCTT 2DYOHOI KAImKU npu
Oezicyenyii. OyiHka cunu Hamsazy Qi3UYHUMU MePAnesmamu y32004Cy8anacs 3 8ionogioamu nayienmis. Buxopucmanns

banoasica He 3MEHUUNIO PiBeHb OO0 NPU PYXAX 8ePXHIMU KIHYIBKAMU MA KAULTL.

Cardiac surgery (CS) via median sternotomy is a
worldwide practice nowadays. After CS patients are
provided with a number of recommendations on
sternal precautions, restrictions on moving their upper
extremities, loading, avoiding unilateral movements
of the upper extremities, peculiarities of changes in
body position, as well as prohibitions to lie on the side
[10]. The available recommendations have significant
variations [1]. Scientific studies confirm excessive
and groundless nature of these restrictions and
recommendations [1, 10], as well as the possibility of
increasing the time required to return to work and
prolonged hospital discharge when following such
recommendations [5]. On the other hand, according
to the studies, a significant number of daily activities
cause a minimal load on the sternum [3, 4]. Com-
parison of standardized and alternative (less restric-
tive) recommendations did not reveal any negative
impact on sternal healing and patients’ complaints in
a number of studies [1, 10].

The use of a thoracic bandage or spinal support
also refers to measures aimed at reducing sternal
complications during mobilization and motor activity
of a patient within physical therapy programs after CS
via sternotomy, but the mode of action of a thoracic
bandage remains unconfirmed from the biomecha-
nical perspective [19]. Regarding pain indicators
when using external thoracic fixation, studies show
decrease of pain on coughing on the 2nd and 3rd day
after surgery [11], during coughing in patients with
severe chest pain or signs of sternal instability [7]; the
absence of impact on the level of pain [9, 13].

The lack of consistency regarding the role of ster-
num external fixation devices after sternotomy
requires further study of the use of thoracic bandages
and spinal supports in the postoperative period due to
the possibility of their improper use by the patients,
especially in terms of bandage tension.

The purpose of the research is to investigate
specifics of using a thoracic bandage after cardiac
surgery via sternotomy and its impact on reducing
pain during therapeutic exercises.
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MATERIALS AND METHODS OF RESEARCH

The study of the specifics of using a thoracic
bandage after cardiac surgery via sternotomy invol-
ved 252 patients — group 1 (G1). The study of the im-
pact of a thoracic bandage on reducing pain during
therapeutic exercises involved 44 patients — group 2
(G2) (none of the patients took painkillers within 12
hours before the examination and long-acting pain-
killers within 48 hours before the examination). The
study protocol was approved by the local medical ethics
committee of SI"Scientific and Practical Medical
Center for Pediatric Cardiology and Cardiac Surgery of
the Ministry of Health of Ukraine" (protocol No. 1 of
21.01.2020, No. 1 of 12.01.2020). The research was
performed in compliance with the basic provisions of
the "Rules of ethical principles of scientific medical
research with human participation”, approved by the
Declaration of Helsinki (1964-2013), ICH GCP (1996),
EEC Directive No. 609 (dated 24.11.1986), orders of
the Ministry of Health of Ukraine No. 690 dated
23.09.2009, No. 944 dated 14.12.2009, No. 616 dated
03.08.2012. All the patients were informed about the
study protocol and gave a written informed agreement.

Intervention. All the patients followed the same
protocol of early mobilization. Besides, the physical
therapy program involved therapeutic exercises and
methods of respiratory physical therapy. The key
provisions of the physical therapy program are
presented in the previous studies [16, 17, 18]. It
should be noted that during the physical therapy,
patients performed therapeutic exercises raising arms
forward and sideward. A thoracic bandage was worn by
all the patients starting from 1-2 postoperative days.

Data from the medical histories (examinations and
studies according to the patient management protocol)
[6] were analyzed to compare the groups of patients.

In order to study specifics of using a post-
operative thoracic bandage on the seventh postope-
rative day patients (n=252) were asked two
questions about the force of thorax compression
exerted by the bandage and were provided with
possible answers. As soon as the questions were
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answered, the degree of thoracic bandage tension
was also assessed by a physical therapist:

lack of tension — bandage was close to the chest
and its length did not decrease when the bandage was
opened;

mild tension — easy to slip the hand between the
patient’s back and the bandage, stretching the latter
with minimal effort;

moderate tension — moderate effort to slip the hand
between the patient’s back and the bandage;

severe tension — severe effort to slip the hand
between the patient’s back and the bandage.

Thereafter, some patients (n=44) assessed pain on
a numeric rating scale [12] (10 points — maximum
pain, 0 points — no pain) as follows:

1. at rest with a bandage on;

2. when coughing with a bandage on;

3. when moving the upper extremities from the
initial position arms downward, namely when raising
the arms forward, sideward, and upward moving from
the position arms forward with a bandage on;

4. performing item 3 with a load of 1kg for
each arm;

5. performing item 3 with a load of 2 kg for
each arm;

6. performing items
thoracic bandage.

Patients were asked to perform movements at
medium / moderate speed.

The obtained results were processed by the
methods of mathematical statistics [14]. The analysis

1-5 without wearing a

of correspondence of quantitative indicators
distribution to the law of normal distribution was
checked by Shapiro-Wilk test. Since the distribution
of the vast majority of indicators did not correspond
to normal, median (Me) and interquartile ranges
(25%; 75%) were calculated for all indicators. Mean
value and root-mean-square deviation (M+SD) were
calculated for the results of indicators that cor-
responded to the law of normal distribution, and for
pain indicators additionally. Wilcoxon test was used
to compare the results of pain assessment with and
without a bandage, as well as for other pairwise
comparisons of dependent samples (e.g., pain asses-
sment when moving with and without loading,
comparison of pain when coughing and moving arms).

The data of the study were processed in
STATISTICA 13.5.0.17 (TIBCO Software Inc,
No. ZZ.59990000099100363DEMO-L).

RESULTS AND DISCUSSION

Key preoperative time indicators of surgical
interventions among the examined patients are
presented in Table 1. G1 included 171 males (67.9%),
and G2 included 32 (72.7%) males. M£SD values for
the body weight index comprised 29.31+4.78 kg/m?
in G1 and 30.4+5.23 kg/m? in G2. M+SD values in G2
for the body length index comprised 169.2+8.5 cm, for
the duration of cardiopulmonary bypass — 201.9+63.4
minutes, for the duration of aortic compression —
140.3+49 minutes.

Table 1

The key features of the groups (Me (25%; 75%))

Indicators G1 (n=252) G2 (n=44)
Age, years 63 (56; 69) 62 (51.5; 66)
Body weight, kg 83 (725 93) 85 (725 101)

Body length, cm

Body-weight index, kg/m>

Ejection fraction of left ventricle, %

Operation duration, min.

Cardiopulmonary bypass duration, min.

Artificial lung ventilation duration, hour

Duration of anaesthesia, min.

Duration of aortic compression, min.

Duration of stay at the emergency department, nights

Duration of stay in the postoperative ward, nights

169 (161; 176)
29 (26.9; 32)
53 (45.3; 58)

375 (300; 435)
180.5 (140.3; 226)
8 (6; 11)
437.5 (370; 510)
122 (95; 158)
2(2;2)

7(6;9)

170.5 (162.3; 175)
29.7 (26.5; 34)
55 (47.3; 59.8)

405 (333.75; 450)
195.5 (145.3; 242.8)
7.5 (5.25; 14)
480 (412.5; 540)
138.5 (100.8; 182.8)
2(2;2)

7(6; 9)
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The first question asked concerned the force of
thorax compression exerted by the bandage. Most of the
patients reported that the bandage produced slight
compression (184 patients or 73.02%). The smallest
share of the patients noted that the bandage did not exert
any compression (25 patients or 9.92%). 43 patients
(17.06%) noted moderate compression, whereas none of
the patients had severe compression.

The second question concerned restriction of a deep
breath caused by a thoracic bandage. Most patients
noted that the bandage did not restrict deep breathing
(220 patients or 87.3%). A smaller proportion of
patients noted that the bandage slightly restricted deep
breathing (32 patients). Moderate and severe restriction
of deep breathing was noted by none of the patients.

The assessment performed by a physical therapist
revealed that thoracic bandage had mild tension in
most of the patients (194 patients or 76.98%), since it
was easy to slip the hand between the patient’s back
and the bandage, stretching the latter with minimal
effort. Physical therapists did not reveal any tension
of the bandage in other patients, since it was close to
the chest and its length did not decrease when the

bandage was opened, or the bandage was not fixed
and freely changed its position. Moderate and severe
thoracic bandage tensions were not observed in any
of the patients.

According to the results, the use of a postoperative
thoracic bandage does not reduce pain when moving
the upper extremities with a medium/moderate speed
(Table 2). In G2 68.2% of patients note that the
bandage performs slight compression, 31.8% —
bandage does not compress; 86.4% — bandage does
not restrict deep breathing, and 13.6% — bandage
slightly restricts deep breathing; according to the
physical therapist 95.5% had a mild degree of tension
and 4.5% — lack of tension. The obtained pain rates
were very low. The highest pain rates were obtained
when coughing with the use of a bandage (p<0.001) and
without it (p<0.001). When performing arm
movements, the level of pain did not change statistically
as compared with the state of rest. Particularly, there was
no significant difference between the state of rest and
raising arms upward with dumbbells (2 kg for one arm)
when using a bandage (Z=-1.852; p=0,064) and without
it (Z=-1.715; p=0.086).

Table 2
The results of pain assessment, scores (n=42)
With a bandage Without a bandage
Patient’s condition / mo.v‘ement of the Criterion p*
upper extremities
Me (25%;75%) M+SD Me (25%;75%) M=+SD
State of rest 0(0;0) 0.16+0.57 0(0;0) 0.16+0.57 0.000" 1.000
When coughing 2(0;4) 2.14+1.92 2004 2.2+2.05 -1.732¢ 0.083
Withouta  Arms forward 0(0;0) 0.11+0.44 0(0;0) 0.09+0.42 -1.000¢ 0.317
foad Arms sideward 0(0;0) 0.25+0.87 0(0;0) 0.23+0.86 -1.000¢ 0.317
Arms upward 0(0;0) 0.23+0.52 0(0;0) 0.16+0.48 -1.732¢ 0.083
With1kg  Arms forward 0(0;0) 0.25+0.97 0(0;0) 0.18+0.76 -1.732¢ 0.083
foad Arms sideward 0(0;0) 0.3+0.93 0(0;0) 0.18+0.76 -1.890¢ 0.059
Arms upward 0(0;0) 0.32+0.74 0(0;0) 0.27+0.66 -1.414¢ 0.157
With2 kg  Arms forward 0(0;0) 0.18+0.87 0(0;0) 0.18+0.87 0.000" 1.000
foad Arms sideward 0(0;0) 0.23+0.89 0(0;0) 0.2+0.76 -1.000¢ 0.317
Arms upward 0(0;0) 0.36+0.94 0(0;0) 0.34+0.86 -1.000¢ 0.317

Notes: ° — the sum of negative ranks corresponds to the sum of positive ones; ¢ — negative ranks are used; ¢ — positive ranks are used; * — to compare

values with and without a bandage.

Pairwise comparison of pain indicators in all
positions of the arms (forward — sideward; forward —
upward; sideward — upward) did not reveal any sta-
tistical differences between the results (p>0.05) both
with the use of a bandage and without it, as well as

74

with all levels of loading. Therefore, the position of
the arms had no impact on the level of pain.
Comparison of pain when moving without a load
and with a maximum load (2 kg for one arm) did not
show any statistical difference between the results
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when raising the arms forward (Z= -0.184; p=0.854),
sideward (Z=-0.577; p=0.564), and upward (Z=-
1.190; p=0.234) with the use of a thoracic bandage,
and when raising the arms forward (Z=-0.535;
p=0.593), sideward (Z=-0.577; p=0.564), and up-
ward (Z=-1.730; p=0.084) without using a thoracic
bandage. Consequently, load increase within certain
limits had no impact on the level of pain.

According to the obtained results, the tension of a
thoracic bandage is insufficient to counteract sternal
separation due to the necessary biomechanical
conditions of its use, particularly regarding the rest-
riction of a deep breath [19]. According to the
patients’ responses, the force of sternal compression
exerted by the bandage mainly remained within
comfortable limits. According to the analysis of
patients’ responses, most of them (73.02%) felt only
light compression exerted by the thoracic bandage,
which is consistent with the assessment of the
physical therapists, who noted that a thoracic bandage
had mild tension in most of the patients (78.2%).

Statistically higher levels of pain were obtained
when coughing both with the use of a bandage
(p<0.001) and without it (p<0.001), as compared with
all other estimates of pain when moving the upper
extremities and at rest. This is consistent with the data
from the previous studies stating that coughing results
in the greatest increase in sternal pain and
micromotion [3]. Besides, this is consistent with the
fact that Valsalva forces during cough are greater than
when lifting 2.3 kg, lifting a 11.4 kg simulated child,
a suitcase (13.6 kg), two weights (18.2 kg) or a gallon
of milk (3.7 kg) [15].

At the same time, ultrasound findings show a
slight motion of sternum halves after median
sternotomy and standard wire closure during dynamic
upper extremities and trunk tasks among cardiac
surgery patients over the first three postoperative
months, while coughing significantly increases sepa-
ration of sternal edges in the lateral direction as
compared to rest and all other tasks [2].

The comparison of pain indicators in all arm
positions confirmed that the position of the arms did
not affect the level of pain. These results are con-
sistent with the conclusions of the previous studies.

For example, according to another study, com-
pressing mechanical stress was exerted on the
sternum at arm flexion and abduction, and the values
of the sternal skin strain (SSS) were negative.
Besides, the results of SSS did not differ statistically
at 90° and 180° arm flexion and comprised about
10.8%, and were statistically lower at 180° abduction
than at 90° abduction [8].

The confirmed absence of impact of load increase
within certain limits on the level of pain is consistent
with the data of Ge W. et al., who found that load inc-
rease to lift it overhead resulted in negative dynamics
of SSS (from -3.6% to -6.8%) [8].

The obtained results do not correlate with the fact
that the use of external sternal fixation reduces pain
on coughing [11], confirming the findings of the
previous studies on the absence of impact on the level
of pain [9, 13]. At the same time, new data were
obtained on the absence of impact of a thoracic
postoperative bandage on the level of pain when
raising the arms forward, sideward, upward both with
and without additional loading.

CONCLUSION

A survey of patients confirmed that the use of a
postoperative thoracic bandage is characterized by a
slight degree of tension, which does not restrict deep
breathing and, consequently, cannot limit the increase
in chest circumference during separation. The asses-
sment of tension performed by physical therapists
was consistent with the patients’ responses. The use
of a bandage did not reduce the level of pain when
moving the upper extremities and coughing. The
levels of pain were the highest on coughing.
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