BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| op anbiydeiBollgig sousby 1e Gzoz ‘8 sunr uo /wod fwag usdolway/:dny woiy pspeojumod "Szoz Arenigad €T U0 268260-7202-uadolwag/9eTT 0T Se paysiignd isiy :uado (NG


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

A comparison of physiotherapy practice following chest
trauma between two countries with different trauma

panoramas-

A prospective observational study

Journal:

BMJ Open

Manuscript ID

bmjopen-2024-092892

Article Type:

Original research

Date Submitted by the
Author:

26-Aug-2024

Complete List of Authors:

Fagevik Olsén, Monika; University of Gothenburg, Neuroscience and
Physiology; Sahlgrenska University Hospital, Physiotherapy

Svensson, Annie; Karolinska Institutet, Department of Neurobiology, Care
Sciences and Society, Division of Physiotherapy

Roos, Ronel; Faculty of Health Sciences, University of the Witwatersrand,
Physiotherapy

Slobo, Margareta; Sahlgrenska University Hospital, Department of
Physical Therapy; University of Gothenburg, Neuroscience and Physiology
Svensson-Raskh, Anna; Karolinska Institutet, Department of
Neurobiology, Care Sciences and Society, Division of Physiotherapy;
Karolinska University Hospital, Department of Allied Health Professionals,
Functional Area Occupational Therapy and Physiotherapy

Van Aswegen, Helena; University of the Witwatersrand, Physiotherapy

Keywords:

Trauma < Wounds and Injuries, TRAUMA MANAGEMENT, Physical
Therapy Modalities

ONE™

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saiIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloaloid

* (s3gv) Jnauadns juswaublasug
| op anbiydeiBollgig sousby 1e Gzoz ‘g sunr uo /wod fwag uadolway/:dny woiy pspeojumod "szoz Arenigad €T U0 268260-7202-uadolwag/9eTT 0T Se paysiignd isiy :uado (NG


http://bmjopen.bmj.com/

Page 1 of 23

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublosug

Y

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

A comparison of physiotherapy practice following chest trauma
between two countries with different trauma panoramas-
A prospective observational study

Monika Fagevik Olsén PhD, RPT >3 (monika.fagevik-olsen@vgregion.se)
ORCID: 0000-0002-0207-4105

Maria Sehlin, PhD, RPT# (maria.sehlin@regionvasterbotten.se)
Annie Svensson, MSc, RPT? (annie.m.svensson@regionstockholm.se)
Ronel Roos, PhD, RPT3 (ronel.roos(@wits.ac.za)

ORCID: 0000-0001-5254-0875
Margareta Slobo, MSc, RPT ! (margareta.slobo@vgregion.se)
Anna Svensson-Raskh PhD, RPT? (anna.svensson-raskh(@xki.se)

ORCID: 0000-0002-7949-5864
Heleen van Aswegen, PhD, RPT 3 (helena.vanaswegen@wits.ac.za)

ORCID: 0000-0003-1926-4690

! Department of Physical Therapy, Sahlgrenska University Hospital and Sahlgrenska
Academy at Gothenburg University, Gothenburg, Sweden, ? Department of Surgery,
Sahlgrenska University Hospital, and Sahlgrenska Academy at Gothenburg University,
Gothenburg, Sweden, 3Department of Physiotherapy, Faculty of Health Sciences, University
of the Witwatersrand, Johannesburg, South Africa. 4 Department of Community Medicine and
Rehabilitation, Physiotherapy, Umea University, Umed, Sweden. Department of
Neurobiology, Care Sciences and Society, Division of Physiotherapy, Karolinska Institute,
Stockholm, Sweden/ Women's Health and Allied Health Professionals Theme, Medical Unit
Occupational Therapy and Physiotherapy, Karolinska University Hospital, Stockholm,
Sweden

Short title: Physiotherapy following chest trauma.
Word count abstract: 204

Word count main text: 3736

Corresponding author:

Professor Monika Fagevik Olsén Department of neuroscience and physiology/Physiotherapy

1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 23

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublosug


mailto:monika.fagevik-olsen@vgregion.se
mailto:annie.m.svensson@regionstockholm.se
mailto:ronel.roos@wits.ac.za
mailto:anna.svensson-raskh@ki.se
mailto:helena.vanaswegen@wits.ac.za
http://bmjopen.bmj.com/

Page 3 of 23

oNOYTULT D WN =

BMJ Open

Sahlgrenska Academy, University of Gothenburg
SE 431 45 Gothenburg, Sweden

Phone: +46 766185713

e-mail: monika.fagevik-olsen@gu.se

2

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inauadns juswaublosug

Y

e


mailto:monika.fagevik-olsen@gu.se
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 4 of 23

ABSTRACT

Objectives: The study aimed to describe and compare the clinical physiotherapy management

of patients hospitalised due to chest trauma in South Africa (SA) and Sweden.
Design: A prospective observational multicentre international study.
Setting: Two public setting hospitals in SA and four university hospitals in Sweden

Methods: In total, 364 adults, hospitalised due to chest trauma, 179 from SA and 185 from
Sweden were consecutively recruited. Physiotherapy practice was recorded in parallel with
standard care. In addition, pulmonary complications and length of hospital stay were

collected.

Results: Despite differences in the type of trauma between the national cohorts (83%
penetrating traumas in SA and 95% blunt traumas in Sweden), most patients received
physiotherapy treatment during the first three days in hospital. Physiotherapy interventions
such as mobilisation (Day 1: Sit on edge of bed; Days 1-3: Walking) and exercises to

maintain range of motion (Days 1-3: Shoulder; Day 3: Trunk) were initiated earlier in SA

Y e

(p<0.05). Treatment with Positive Expiratory Pressure was common in both countries while

deep breathing exercises were more common in Sweden, and the Active Cycle of Breathing

Technique in SA.

Conclusions: Despite differences in trauma panoramas and the study cohorts there seem to be

similarities in clinical physiotherapy practices between the two countries.

* (s3gv) Inauadns juswaublosug

Study registration: Research & Development in Vastra Gotaland, Sweden Reg no: 275328
Keywords: Chest, Mobilisation, Physiotherapy Modalities, Prospective, Trauma,
Strengths and limitations of this study:

e This is the first prospective study where physiotherapist practice in patients with chest
trauma 1s described.

e The combination of data from the two countries with different trauma panoramas

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

gives a broader perspective of practice.
e The large study cohort made it possible to perform subgroup analyses. ‘

e General health care practice differs between the two countries.
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BACKGROUND

Worldwide, traumatic injury causes a substantial health risk with subsequent risk of disability
and mortality (1). Injuries to the chest may be caused by blunt trauma (road traffic accidents
(RTA), assault or falls) or penetrating trauma (gunshots, stab wounds) and can include rib
fractures, flail chest, pneumothorax, haemothorax, and pulmonary contusion (2-4). In the
acute phase the injuries cause pain leading to decreased ventilation and oxygenation, and
common pulmonary complications that develop following chest injury are atelectasis,
respiratory distress, pneumonia and/or respiratory failure (4). Patients who develop such
complications are particularly at risk of mortality (5). The aims of physiotherapy interventions
for this population include prevention and management of pulmonary complications or to
manage those that may have already occurred. The treatments involve; normalisation of lung
volumes, and compliance; improvement of oxygenation; and optimising physical performance
by encouraging active out-of-bed mobilisation away from the bedside as soon as the patient’s
condition has stabilised (6). The implementation of appropriate pain relief strategies is also

important in the management of such patients (6).

Physiotherapists are important members of the multidisciplinary team who care for patients
with chest trauma in an acute care setting (7). However, there is a scarcity of research within
the field about the use and effects of different physiotherapy interventions for patients with
chest trauma. In the 1990s, two studies were published where treatments (breathing exercises,
trunk movements and physical activity) immediately after the insertion of an intercostal drain
for patients with penetrating trauma were evaluated in comparison to interventions after 9-12
hrs (8) or after 12-24 hrs (9). It was found that the immediate interventions significantly

reduced the time with drainage, and the length of the hospital stay.

In the absence of evaluations of interventions our research group performed a survey in 2019
of which the aims were to determine the physiotherapy management of patients having
sustained major chest trauma and to investigate how such practices varied internationally (10).
The results indicated that most patients received active treatment such as coughing, deep
breathing exercises, body positioning and early mobilisation. However, rehabilitation to
address longer term sequelae following hospital discharge was reported to be rare. The results
from the previous study were based on questionnaires with subjective responses and there is a

lack of observational studies investigating physiotherapy interventions in clinical practice.
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There is a lack of observational data regarding which interventions are utilised, with whom

and when they are initiated after trauma.

Therefore, the purpose of this paper was, using a prospective observational study, to describe
and compare the physiotherapy management of patients recovering from chest trauma, the
adverse events that were reported during physiotherapy treatment, and the pulmonary

complications that developed during hospitalization in South Africa and Sweden.

MATERIALS AND METHOFS:

A prospective record review of adult patients with traumatic chest injury was conducted.
Chest trauma was, in this study, presented as blunt or penetrating injury resulting in
pneumothorax, haemothorax, fractures of the ribcage, fractures of the sternum, and/or

pulmonary injuries.

Ethical considerations:

Permission to conduct this record review was obtained from the trauma unit managers and
physiotherapy heads-of-department at Charlotte Maxeke Johannesburg Academic hospital
(CMJAH) and Chris Hani Baragwanath Academic hospital (CHBAH) (South Africa) and
Sahlgrenska University (SU) hospital, Karolinska University hospital/Solna (KS), Umea
University hospital (UU) and, Skéne University hospital/Lund (SUS) (Sweden). The Gauteng
province of the South African National Department of Health provided permission for data to
be collected from participants admitted to CMJAH and CHBAH. In South Africa, the
University of the Witwatersrand Faculty of Health Sciences Human Research Ethics
(Medical) committee provided ethical approval to conduct this review (clearance number:
M200222). In Sweden, ethical approval was obtained from the Regional Ethics Committee for
the region of Vistra Gétaland (clearance number: Dnr: 2019-04848). The ethical principles
related to the conduct of research on human subjects outlined in the Declaration of Helsinki
were observed. The patients were included after oral and written information was provided

and written consent was obtained.

Context of the study
The South African patients approached for participation in this study were managed in the

trauma ICU and wards of CMJAH and CHBAH. Both public sector hospitals are situated in
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Johannesburg, Gauteng. The Swedish patients were managed either in trauma centres
(Stockholm and Gothenburg) or surgical wards with trauma profiles (Umeé and Lund).
Participants were treated according to standard physiotherapy practice at all hospitals.
Physiotherapy was provided during regular working hours, which differed between the
hospitals. All hospitals had physiotherapists on duty in the wards on weekdays, and at
CHBAH, CMJAH, SU and KS there were also physiotherapists on duty on weekends, but
then only for a selection of patients who were newly admitted or had acute respiratory
symptoms. Other hospitals did not have physiotherapy on weekends, so their patients received

their treatment independently or with the support of nursing staff.

Study setting and population:

Patients who were 18 years or older and had been diagnosed with traumatic injury to the
thorax were consecutively screened for participation. They were admitted to and included in
the trial while being cared for at the trauma ICU, high care units, or the surgical and trauma
wards of the participating sites. Those with acute or previously diagnosed spinal cord injury
or traumatic brain injury, or complex fractures of the pelvis or lower limbs, or amputation of
the lower limb/s that restricted active mobilisation, and those with extensive abdominal

trauma (open laparotomy managed in the ICU) were excluded from participation.

Procedure:

Meetings were held with the clinical physiotherapy staff who worked in the trauma units and
wards of the respective study sites to explain the study aims and objectives. These clinicians
were asked to fill in participant details on study-specific data capture forms. Information
collected included demographics (age, gender, height, weight, smoking history, and presence
of chronic pulmonary disease), clinical presentation (type and mechanism of traumatic injury
sustained), physiotherapy management received during the hospital stay, pulmonary
complications that developed during hospitalisation, and discharge information (length of
stay, discharge destination, physiotherapy follow-up). The physiotherapists that oversaw the
trauma ICU, high care units and surgical/trauma wards at the participating sites were
responsible for recruiting participants for the study, according to the set inclusion and
exclusion criteria, as they screened the wards and units daily (Mondays to Fridays) for new
admissions. All clinical physiotherapists provided the standard physiotherapy care of their
institution to participants who provided consent and they were expected to record the specifics

regarding their daily patient management and patient responses to treatment on the study
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specific data capture forms. Participant recruitment and data collection occurred over a total
of 18 months at the participating South African sites (October 2020 to October 2021
(CHBAH); August 2022 to February 2023 (CMJAH)) and over 12 months in Sweden
(September 2021 to September 2022). Data were captured onto two electronic databases
(REDCap at the University of the Witwatersrand for South African data and Google Drive for
the Swedish data).

The STROBE checklist was used throughout the work with this study.

Statistical analysis

Continuous variables are presented as mean (standard deviation), median (min-max) and
categorical variables with numbers and percentages. Differences between the countries were
analysed with a t-test for continuous variables and with a Pearson Chi-Square test for
categorical variables. The Chi-square test with the Phi coefficient was used to determine the
association and correlation between development of pulmonary complications and the type of
injury sustained, deep breathing exercises performed, and active coughing performed during
physiotherapy on days 1-3. Interpretation of the size of the correlation was made using the
guidelines provided by Akoglu (2018). Binomial logistic regression was used to predict if
distance walked influenced the development of pulmonary complications. A p-value <0.05

was considered significant.

RESULTS

Demographics

During the study period, 364 patients were included in the study. Of those, 179 (49.2%) were
from South Africa. The demographic data is presented in Table 1. The study cohorts from the
two countries were significantly different in all variables except that the patients in South
Africa were more often male (A 27.4%), were, in mean, 23.3 years younger, had a lower BMI
(-3.6 kg/m?), smoked more often (A 40.6%), but less frequently had a diagnosed pulmonary
disease (A -10.2%).

7
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The traumas

The trauma differed between the national cohorts, Table 2. Penetrating chest injury was more
frequent among South African participants (82.7%) and in Sweden blunt trauma was mostly
the cause of trauma (94.6 %, p<0.001). The injury with the highest incidence in South Africa
was assault (89.9%) and in Sweden, falls (42.1%). The number of patients with rib fractures
and flail chest was significantly higher among the Swedish patients (93.0%) while none of the
patients from South Africa reported flail chest and 83.8% reported no rib fractures (both

8
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p<0.001). In addition, 26 patients in Sweden had sternal fracture compared to none of the
patients from South Africa (p<0.001). Most of the participants sustained unilateral
hemopneumothorax. As a reflection of the many patients with rib fractures, the proportion of
patients with pulmonary contusion was higher in the Swedish cohort compared to their South

African counterparts (p<<0.001) but the incidence of lung laceration and diaphragm injury was

reported to be low in both groups, with no significant difference. In addition, other types of

orthopaedic injuries and mild traumatic brain injuries were also more common in the Swedish

cohort (p<0.001). However, there were no significant differences between the countries

concerning injured internal organs. Details of the orthopaedic and neurologic injuries are

presented elsewhere (11).

Table 1. Characteristics of all patients included in the trial and divided into the cohort from

South Africa and Sweden. Mean (standard deviation) or n (%).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

All, n=364 South Africa, | Sweden, p-value
n=179 n=185 between
groups
Sex Male 272 (82.4) 170 (95.0) 125 (67.6) <0.001
Female 58 (17.6) 9(5.0) 60 (32.4)
Age Years 43.1(19.0) 32.9(10.0) 56.2 (18.2) <0.001
18-29 years | 88 (26.5) 75 (41.9) 13(7.1) <0.001
30-64 years | 194 (58.4) 103 (57.5) 107 (58.8)
65- years 50 (15.0) 1 (0.6) 62 (34.1)
Missing 3 0 3
BMI kg/m? 24.2 (5.0) 22.7 (4.8) 26.3 (5.5) <0.001
<20 kg/m? 58 (17.5) 82 (45.8) 9(5.8) <0.001
20-25 kg/m? | 117 (35.2) 65 (36.3) 61 (39.6)
>25-30 99 (29.8) 37 (20.6) 84 (54-5)
kg/m?
Missing 56 25 31
Current smokers, n 116 (34.8) 96 (53.6) 24 (13.0) <0.001
Pulmonary disease, n 21 (5.7) 1 (0.6) 20 (10.8) <0.001
9
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Table 2: Types and mechanisms of injury sustained. n (%)

Total sample | South African | Swedish p-value
(n=364) sample sample between
(n=179) (n=185) groups
Type of injury Blunt injury 178 (48.9) 33 (18.4) 175 (94.6) | <0.001
Penetrating injury 186 (51.1) 146 (82.7) 10 (5.4)
Mechanism of Assault 179 (49.2) 161 (89.9) 18 (9.7) <0.001
injury Attempted suicide 5(1.4) 1(0.6) 4(2.2)
MVC 40 (11.0) 9(5) 31 (16.8)
PVC 35(9.6) 5(2.8) 30 (16.2)
Cycling accident 7(1.9) 0 7 (3.8)
Falls 81(22.2) 0 81 (43.8)
Miscellaneous 17 (4.7) 3(L.7) 14 (7.6)
Rib fractures None 163 (44.8) 150 (83.8) 13 (7.0) <0.001
1-3 ribs fractured left 37 (10.2) 8 (4.5) 29 (15.7)
1-3 ribs fractured right 39 (10.7) 7(3.9) 32(17.3)
4-6 ribs fractured left 22 (6.0) 5(2.8) 17 (9.2.6)
4-6 ribs fractured right 32 (8.8) 7(3.9) 25 (13.5)
>3 ribs fractured bilaterally 31 (8.5) 2(1.1) 29 (15.7)
Flail chest left 21 (5.8) 0 21 (11.3)
Flail chest right 19 (5.2) 0 19 (10.3)
Sternal fracture, n (%) 16 (4.4) 0 16 (8.7) <0.001
Intra-pleural None 76 (21.1) 6(3.4) 70 (38.7) | <0.001
abnormality Pneumothorax unilateral 82 (22.8) 41 (22.9) 41 (22.7)
Pneumothorax bilateral 2 (0.6) 0 2(1.1)
Haemo- or haemo- 186 (51.7) 122 (68.1) 64 (35.4)
pneumothorax unilateral
Haemo- or haemo- 14 (3.9) 10 (5.6) 42.2)
pneumothorax bilateral
Missing 3 0 3
Pulmonary contusion, n (%) 51 (14.2) 9(5.0) 42 (23.3) | <0.001
Lung laceration, n (%) 14 (3.9) 634 8(4.3) 0.787
Diaphragm rupture, n (%) 6 (1.7) 4(2.2) 2 (1.1) 0.445

MVC: motor vehicle crash, PVC: pedestrian vehicle crash
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Physiotherapy intervention used and adverse events.

Most of the patients received physiotherapy treatment during the first three days in hospital,
Table 3. A significantly larger group received interventions among the South African cohort
the first day after the trauma (92.7 vs 73.1%, p<0.001). However, significantly more patients
received more than one treatment per day in Sweden during the first three days after the injury

(p<0.01).

Several respiratory physiotherapy interventions were reported, Table 3. In South Africa
positive expiratory pressure (PEP), active coughing and the active cycle of breathing
technique (ACBT) were most often prescribed and in Sweden deep breathing exercises (DBE)
and PEP (Differences p<0.05). Incentive spirometry was used more often in Sweden
compared to South Africa. Manual suction, manual or ventilator hyperinflation, intermittent

positive pressure breathing, or inspiratory muscle training were rarely prescribed.

Exercises to maintain range of motion in the trunk and shoulders were more frequently used
in South Africa than Sweden (Shoulder p<0.001 all three days: Trunk <0.030 day 3). Strength
training was performed by a few patients in both countries while exercises in bed were more

used especially on the first day after the trauma in the Swedish cohort (p<0.001).

Mobilisation to sit on the edge of the bed or to stand at the bedside was significantly more
often performed on the first day after the trauma in South Africa (p<0.001) the same as
walking away from the bed (p<0.01 day 1-3), Table 3. None of the Swedish patients climbed
any stairs or were cycling on a stationary bike during the first three days after the injury in
contrast to the patients in South Africa where these activities are is used in standard care to
evacuate pleural fluid. However, mobilisation was included as a frequently used treatment

interventions in both countries.

No major adverse events, no falls or disconnected attachments were reported. Table 3. A drop
in peripheral oxygen saturation was found in one patient on days 1-3. Dizziness was reported
by seven patients on day 1, and by one patient on days 2 and 3, excessive pain was reported
by 22 patients on day 1, by 17 patients on day 2 and by 16 patients on day three, and one

patient had nausea on the first and second days after the trauma.
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Pulmonary complications, length of stay, discharge destination and referral to out-

patient physiotherapy

Pulmonary complications during the hospital stay were rare. Atelectasis was reported by four
patients in South Africa and 16 in Sweden (2.2 vs. 8.6%, p=0.007). None of the patients
developed pneumonia during the hospital stay in South Africa compared to eight (4.3%) in
Sweden (p=0.005). Among the patients in South Africa, none needed non-invasive ventilation
compared to two in the Swedish cohort. In both South Africa and Sweden, one participant

needed mechanical ventilation.

Length of stay was in mean 5.4 + 4.3 days in South Africa and 6.6 £5.1 days in Sweden
(p=0.024). Most patients were discharged to their homes (98.8% in South Africa and 55.7%
in Sweden, p<0.001). Thirty-five of the remaining Swedish patients (19%) were transferred to
another ward/hospital, 32 (17%) to follow-up rehabilitation, and seven (4%) to convalescence
care. The out-patient follow-up rate by a physiotherapist was 34.6% in Sweden compared to

1% in South Africa (p<0.001).

The type of injury (blunt or penetrating) was compared to the development of pulmonary
complications (yes or no). The results showed that the type of injury was associated with the
development of pulmonary complications (p=0.04) with blunt trauma having a weak negative
correlation (Phi = -0.159) with pulmonary complications. Deep breathing exercises and active
coughing were not associated with the development of pulmonary complications. Distance
mobilised away from the bedside also had no effect on the development of pulmonary

complications.

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

Y e

* (s3gv) Inauadns juswaublosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

3
BMJ Open S T Page 14 of 23
g 3
2 8
g B
>
Table 3. Number of and content in physiotherapy treatments after chest trauma divided in the cohort from%Soﬁth Africa and Sweden. Mean
Qo
= o
(standard deviation) or n. a 2
Day 1 Day 2 uks Day 3
S ac
South Africa Sweden p-value | South Africa | Sweden @g&’lue South Africa | Sweden p-value
DS N
n=173 n=145 n=173 n=147 g%’ § n=123 n=136
— D -
Receiving PT n (%) 160 (92.7) 106 (73.1) | <0.001 121 (80.1) 101 (70.1) g@@ 86 (69.9) 95 (69.0) | 0.991
=
treatment One session/day 148 (98.7) 79(92.9) [<0.001 |[115(99.1) |82(91.1) |xg.801 |80 (100) 63 (91.3) | 0.003
S S
Receivingno | n (%) 13 (7.3) 39 (26.9) 30 (19.9) 43 (29.9) §§ 5 [37030.D) 41 (31.0)
PT treatment Reasons g 5 S
=m3
Admitted 3 5 0296 |0 3 bz |0 0 0.159
Q- o
Surgery 1 9 0 8 > 3 1 1
= 3
X-ray 0 0 2 0 L o 1 0
R
Unstable 1 7 0 5 @ 2 0 1
Weckend 4 19 15 15 2 2 |16 16
) o
Compliant to care 0 3 12 7 3 3 5 9
) o
Refused 1 0 0 0 =3 1 0
® c
No reason 4 9 1 5 ;—*3 > 3 9
Q
Specific breathing exercises & N
Active Cycle of Breathing Technique | 80 0 <0.001 54 0 &O.Q’Ol 35 0 <0.001
Deep Breathing Exercises 96 21 <0.001 81 18 <O.§01 57 6 <0.001
Cough 60 10 <0.001 40 4 <0.601 16 4 <0.010
(wel
Breath Stacking 7 0 0.017 5 0 0.08 1 0 1.000
S
o
E
13 =
(¢
o
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Manual Chest Physiotherapy 3 0 0.253 2 0 294@ 2 0 0.499
(o)
Postural Drainage 1 0 1.000 0 0 @.a.i 0 0 n.a.
Body positioning for V/Q matching 1 2 0.594 1 1 EO(%O 1 2 0.608
Suction 0 0 n.a. 0 0 éla.é 1 0 1.000
02
Manual Hyper Inflation 0 0 n.a. 0 0 %@%& 0 0 n.a
D o
Ventilator Hyper Inflation 0 0 n.a. 0 0 ?gt}” 0 0 n.a.
~—+ U
Incentive Spirometry 1 10 0.003 1 12 3)@%1 0 7 0.005
l-i'-c S
Manual Insuftlation-Exsufflation 0 0 n.a. 0 0 5_1%% 0 0 n.a.
Positive Expiratory Pressure 97 63 0.032 72 76 ?!9%1_’;3 47 57 0.054
@<
IPPB 0 0 n.a. 0 0 %5.3 0 0 na.
Inspiratory Muscle Training 1 0 1.000 0 0 Sh.aS 0 0 n.a
> =
Other interventions 5):1 §
=9 o
Shoulder ROM 45 1 <0.001 | 31 2 §<O.§01 19 2 <0.001
Q h
Trunk ROM 3 5 0475 |6 3 050 |4 0 0.030
Strength exercises 3 6 0.309 1 3 §).6 §7 0 0 n.a.
Exercises in bed 14 44 <0.001 |6 34 0.801 |4 14 0.089
Mobilisation at least to bedside 135 72 <0.001 109 73 @.066 76 69 0.912
E
Mobilisation to walking 119 58 <0.001 102 71 390,0;‘3 71 61 <0.001
ISE. o
Climbing stairs 24 0 <0.001 |26 0 &0.001 |8 0 <0.001
. Q
Cycling 69 0 <0.001 |70 0 <0.801 | 47 0 <0.001
Adverse events (;’;
)
Any adverse event 6 28 <0.001 |4 22 <O.Qp1 2 19 0.014

PT: Physiotherapy, ROM: Range of motion, IPPB: Intermittent Positive Pressure Breathing, V/Q: Ventilatio@Perfusion
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DISCUSSION

Chest traumas occur all over the world and affect many patients each year. Despite this, there
is limited evidence of the treatment and care. Pain is often reported after this kind of trauma,
especially when ribs are fractured (10). The risk of pulmonary complications is therefore
high, and such complications ought to be prevented and treated (5,6). There are only a few
previous reports evaluating very specific practices (8,9). In these reports, specific
interventions with patients having had penetrating trauma with no or minor injuries to the ribs
were included. These patients were also common in the South African cohort in the current
trial. Such injuries were mostly seen following assaults on younger men. Penetrating trauma
in the South African context is often seen in young male working-class individuals and is
linked to alcohol abuse and interpersonal violence (12). The Swedish cohort was, on average,
more than two decades older, and their trauma panorama differed significantly. In the
Swedish cohort, falls were more often the reason for the injury, resulting in a blunt trauma

which caused more fractured ribs and more often internal injuries.

Most of the included patients were given physiotherapy. As earlier trials and guidelines are
lacking there is no possibility to compare current routines to earlier evidence. Instead, the
rationales behind the treatments should be discussed. For patients with penetrating trauma to
the thorax, the pleura and lung parenchyma are often injured. The parenchyma has no pain
receptors, in contrast to the pleura, which is innervated by several intercostal nerves (13). Air
and blood in the pleural space as well as intercostal drainage tubes compress and irritate the
intercostal nerves, leading to inflammation and pain (13). Blunt traumas more often lead to
rib fractures and subsequent injuries to thoracic and abdominal tissue and organs. It is well
known that rib fractures are painful, and patients therefore breathe more shallowly and avoid
huffing and coughing and being active. The aim of the physiotherapy intervention is to
increase tidal volume but also the ability to huff and cough. Positioning and mobilisation have
an instant effect on lung function by increasing functional residual capacity and tidal volume
as the body moves from a reclined to an upright position (14). Mobilisation is therefore an
important cornerstone of increasing lung volume. The increased volume but also the activity
per se lead to aeration of (partly) collapsed airways which may facilitate removal of retained
secretion. If the effect is not enough, additional deep breathing exercises may be necessary.
Ordinary deep breaths, without any devices, increase tidal volume during the treatment but
their long-term effects are not known. There are also devices to encourage maximal

inspirations, such as incentive spirometry. By using such a device, the inspiration may be
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slower and therefore less painful. PEP is another group of techniques and devices which not
only increase the tidal volume but also, after specific instructions, increase functional residual
capacity (15). According to the results of current trial several interventions were used, and
PEP was the most common one. However, there are also differences between the countries in
practice. In SA, ACBT is common, in contrast to Sweden where the structured breathing cycle
is often unknown. On the contrary, in Sweden, Incentive Spirometry is more common. Use of

devices and equipment entails costs which may have had an impact on the practice.

Another aim of physiotherapy practice is to accelerate the removal of fluid from the intra-
pleural space. This is performed as normal practice in South Africa (6,8-10). Encouraging
high intensity out-of-bed activity leading to deep breathing to expand lung parenchyma,
increases intrathoracic pressure and subsequently drainage of fluid into the evacuation
systems. It is also necessary to regularly performed supported huffing/coughing when needed.
These activities are combined with active trunk movements to move the pleural fluid and
pressure it towards the evacuation system. In Sweden, no specific instructions are given on
how to affect the intra-pleural fluid. As found in the results, the Swedish patients started their
PEP later than patients in South Africa. The reason may be the practice of pleural drainage
and over cautiousness. Pneumothorax is a relative contra indication for PEP. Therefore, when

pneumothorax is diagnosed treatment is often postponed until a drainage system is inserted.

The number of treatments provided in the two countries differed significantly (p<0.001). In
South Africa the nurses per patient ratio is lower in surgical/trauma wards than in Sweden.
This influences the level of involvement of nurses and the need for patient education to
perform their physiotherapy treatment. In Sweden, physiotherapists more often prescribe the
interventions and assist the patients to perform them but the nurses are actively involved in
the treatment to further assist the patients. The patients often also perform their breathing

exercises on their own initiative.

A significant association was found between the type of chest injury and the development of
pulmonary complications. Atelectasis is a common complication following chest wall injury
(16) as are pneumonia and respiratory failure, especially in older adults (17). This supports
the higher incidence of pulmonary complications in the Swedish cohort who predominantly

had blunt chest trauma.
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The Swedish patients were significantly more often referred to a physiotherapist for a clinical
follow-up after discharge. The reason is unknown but patients with chest trauma often have
other trauma injuries and further rehabilitation may therefore be needed because of these.
Evidence suggests that those recovering from serious chest trauma have chronic pain and
limitations in muscle power, active range of motion of the shoulders and trunk, and exercise
capacity, which influences their health-related quality of life for up to six months and in some
cases more than one year following hospital discharge (18-20). Neuropathic pain results in
significantly poor quality of life especially for those with blunt chest trauma (21). This
underscores the importance of ongoing physiotherapy management of patients’
neuromusculoskeletal impairments beyond hospital discharge, as they recover from chest

trauma.

Clinical care protocols implemented in the respective South African sites for the management
of chest trauma include intravenous analgesia, oxygen therapy, nebulisation therapy when
needed, mechanical ventilation if indicated, management of associated injuries and active
physiotherapy (22). The uptake of active physiotherapy was demonstrated by the findings of
the South African centres, indicating alignment with the multidisciplinary care pathway
protocol in use at the centres. The beneficial effect of multidisciplinary care pathways in the
management of rib fractures as a means of reducing the risk of pulmonary complications e.g.,
pneumonia, was recently published (23). Additionally, an international consensus paper
regarding recommendations for respiratory physiotherapy and physical rehabilitation in
patients with blunt chest wall trauma has recently become available for review to assist

clinicians with decision-making and treatment selection during clinical practice (24).

There were only minor adverse events reported from the treatments in our study. Desaturation
was reported in some patients and almost all cases occurred during the first day after the
trauma. Dizziness and excessive pain were reported during all three days for some patients.
There were no reports of falls or pneumothorax. Even if this study was not large enough to
fully explore adverse events, the received message is that it seems to be safe when treatment

is given according to standard practice.

Strengths and limitations

One strength is that both cohorts were collected in public hospitals in both countries, thus
reflecting the normal flow of patients. However, the Swedish study cohort was recruited from

four university hospitals in Sweden, which might reflect a more injured population compared
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to county hospitals where those with minor trauma are treated. The data was prospectively
collected to mirror the actual clinical practice but some of the patients who fulfilled the
inclusion criteria were never recruited due to logistical reasons. Those patients may have been
missed during screening of the respective wards and/or not referred by the multidisciplinary
team. In addition, the patients may already have been active on the ward when screening took
place and the need for physiotherapy intervention was not necessary. Another strength is that
two different cohorts were merged to give the opportunity to analyse subgroups for instance

comparing physiotherapy management following blunt and penetrating trauma.

There are also limitations of the study. The study cohort were significantly different between
the countries. The management of the patients in the six hospitals in the two countries also
varied and the accuracy of reported data may therefore be questioned. Data regarding
physiotherapy interventions was self-reported, which may have impacted the objectivity. In
neither of the countries were patients given physiotherapy during the evenings and weekends.
Therefore, evaluations and treatments were not optimally reported. There was a large amount
of missing data for distance mobilised and the use of active coughing during physiotherapy
sessions. Moreover, standards for defining/specifying atelectasis and pneumonia might differ
between the different settings and countries. All the above may limit the interpretation and

generalisability of the findings.

CONCLUSSION

This study shows that there are differences in physiotherapy practice between the two
countries of South Africa and Sweden. The result can partly be explained by the fact that the
cohorts differed, both regarding types and mechanisms of injuries and the age of the patients
in the two countries. In addition, this study shows international differences in methods, where
physiotherapy interventions begin earlier and use more interventions with high intensity and

active movements in South Africa.
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ABSTRACT

Objectives: The study aimed to describe and compare the clinical physiotherapy management

of patients hospitalised due to chest trauma in South Africa (SA) and Sweden.
Design: A prospective observational multicentre international study.
Setting: Two public setting hospitals in SA and four university hospitals in Sweden

Methods: In total, 364 adults, hospitalised due to chest trauma, 179 from SA and 185 from
Sweden were consecutively recruited. Physiotherapy practice was recorded in parallel with
standard care. In addition, pulmonary complications and length of hospital stay were

collected.

Results: Despite differences in the type of trauma between the national cohorts (83%
penetrating traumas in SA and 95% blunt traumas in Sweden), most patients received
physiotherapy treatment during the first three days in hospital. Physiotherapy interventions
such as mobilisation (Day 1: Sit on edge of bed; Days 1-3: Walking) and exercises to
maintain range of motion (Days 1-3: Shoulder; Day 3: Trunk) were initiated earlier in SA
(p<0.05). Treatment with the active cycle of breathing technique was more used in SA while
deep breathing exercises were more common in Sweden. Positive expiratory pressure was

common in both countries.

Conclusions: Despite differences in trauma panoramas and the national cohorts there seem to

be similarities in clinical physiotherapy practices between the two countries.

Study registration: Research & Development in Vastra Gotaland, Sweden Reg no: 275328
Keywords: Chest, Mobilisation, Physiotherapy Modalities, Prospective, Trauma,
Strengths and limitations of this study:

e This is the first prospective study where physiotherapy practice in patients with chest
trauma 1s described.

e The combination of data from the two countries with different trauma panoramas
gives a broader perspective of practice.

e The large study cohort made it possible to perform subgroup analyses.

e General health care practice differs between the two countries.
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BACKGROUND

Worldwide, traumatic injury causes a substantial health risk with subsequent risk of disability
and mortality [1]. Injuries to the chest may be caused by blunt trauma (road traffic accidents
[RTA], assault or falls) or penetrating trauma (gunshots, stab wounds) and can include rib
fractures, flail chest, pneumothorax, haemothorax, and pulmonary contusion [2-4]. In the
acute phase the injuries cause pain leading to decreased ventilation and oxygenation, and
common pulmonary complications that develop following chest injury are atelectasis,
respiratory distress, pneumonia and/or respiratory failure [4]. Patients who develop such
complications are particularly at risk of mortality [S]. The aims of physiotherapy interventions
for this population include prevention and management of pulmonary complications or to
manage those that may have already occurred. The treatments involve; normalisation of lung
volumes, and compliance; improvement of oxygenation; and optimising physical performance
by encouraging active out-of-bed mobilisation away from the bedside as soon as the patient’s
condition has stabilised [6]. The implementation of appropriate pain relief strategies is also

important in the management of such patients [6].

Physiotherapists are important members of the multidisciplinary team who care for patients
with chest trauma in an acute care setting [7)]. However, there is a scarcity of research within
the field about the use and effects of different physiotherapy interventions for patients with
chest trauma. In the 1990s, two studies were published where treatments (breathing exercises,
trunk movements and physical activity) immediately after the insertion of an intercostal drain
for patients with penetrating trauma were evaluated in comparison to interventions after 9-12
hrs [8] or after 12-24 hrs [9]. It was found that the immediate interventions significantly

reduced the time with drainage, and the length of the hospital stay.

In the absence of evaluations of interventions our research group performed a survey in 2019
of which the aims were to determine the physiotherapy management of patients having
sustained major chest trauma and to investigate how such practices varied internationally [10].
The results indicated that most patients received active treatment such as coughing, deep
breathing exercises, body positioning and early mobilisation. However, rehabilitation to
address longer term sequelae following hospital discharge was reported to be rare. The results
from the previous study were based on questionnaires with subjective responses and there is a

lack of observational studies investigating physiotherapy interventions in clinical practice.
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There is a lack of observational data regarding which interventions are utilised, with whom

and when they are initiated after trauma.

Therefore, the purpose of this paper was, using a prospective observational study, to describe
and compare the physiotherapy management of patients recovering from chest trauma, the
adverse events that were reported during physiotherapy treatment, and the pulmonary

complications that developed during hospitalization in South Africa and Sweden.

MATERIALS AND METHOFS:

A prospective record review of adult patients with traumatic chest injury was conducted in
two countries with different trauma panorama and patient groups to be able to capture a wider
perspective of the phenomenon. Chest trauma was, in this study, presented as blunt or
penetrating injury resulting in pneumothorax, haemothorax, fractures of the ribcage, fractures

of the sternum, and/or pulmonary injuries.

Ethical considerations:

Permission to conduct this record review was obtained from the trauma unit managers and
physiotherapy heads-of-department at Charlotte Maxeke Johannesburg Academic hospital
(CMJAH) and Chris Hani Baragwanath Academic hospital (CHBAH) (South Africa) and
Sahlgrenska University (SU) hospital, Karolinska University hospital/Solna (KS), Umea
University hospital (UU) and, Skane University hospital/Lund (SUS) (Sweden). The Gauteng
province of the South African National Department of Health provided permission for data to
be collected from participants admitted to CMJAH and CHBAH. In South Africa, the
University of the Witwatersrand Faculty of Health Sciences Human Research Ethics
(Medical) committee provided ethical approval to conduct this review (clearance number:
M200222). In Sweden, ethical approval was obtained from the Regional Ethics Committee for
the region of Vistra Gétaland (clearance number: Dnr: 2019-04848). The ethical principles
related to the conduct of research on human subjects outlined in the Declaration of Helsinki
were observed. The patients were included after oral and written information was provided

and written consent was obtained.
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Context of the study

The South African patients approached for participation in this study were managed in the
trauma intensive care units (ICUs), high dependency units (HDU) and wards of CMJAH and
CHBAH situated in Johannesburg, Gauteng. The Swedish patients were managed either in
trauma centres (HDUs) (Stockholm and Gothenburg) or surgical wards with trauma profiles
(Umea and Lund). All included hospitals are university-affiliated public sector hospitals and
government funded. In all hospitals eligible patients in ICU or HDU were assessed daily to
ensure that no complications arise before they were transferred to the ward. Patients with
shorter ICU stays were transferred directly from ICU to the wards but some who needed
longer ICU stay were cared for in the HDUs before transfer to the trauma wards. Participants
were treated according to standard physiotherapy practice at all hospitals. Physiotherapy was
provided during regular working hours, which differed between the hospitals. All hospitals
had physiotherapists on duty in the wards on weekdays, and at CHBAH, CMJAH, SU and KS
there were also physiotherapists on duty on weekends, but then only for a selection of patients
who were newly admitted or had acute respiratory symptoms. Other hospitals did not have
physiotherapy on weekends, so their patients received their treatment independently or with

the support of nursing staff.

Study setting and population:

Patients who were 18 years or older and had been diagnosed with traumatic injury to the
thorax, with or without additional injuries, were consecutively screened for participation.
They were admitted to and included in the trial while being cared for at the trauma ICU,
HDUs, or the surgical and trauma wards of the participating sites. Those with dementia, acute
or previously diagnosed spinal cord injury or traumatic brain injury (Glasgow coma scale
<12), or complex fractures of the pelvis or lower limbs, or amputation of the lower limb/s that
restricted active mobilisation, and those with extensive abdominal trauma (open laparotomy

managed in the ICU) were excluded from participation.

Procedure:

Meetings were held with the clinical physiotherapy staff who worked in the trauma units and
wards of the respective study sites to explain the study aims and objectives. These clinicians
were asked to fill in participant details on study-specific data capture forms. Information

collected included demographics (age, gender, height, weight, smoking history, and presence
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of chronic pulmonary disease), clinical presentation (type and mechanism of traumatic injury
sustained), physiotherapy management received during the hospital stay, pulmonary
complications that developed during hospitalisation, and discharge information (length of
stay, discharge destination, physiotherapy follow-up). The physiotherapists that oversaw the
trauma ICU, HDUs and surgical/trauma wards at the participating sites were responsible for
recruiting participants for the study, according to the set inclusion and exclusion criteria, as
they screened the wards and units daily (Mondays to Fridays) for new admissions. All clinical
physiotherapists provided the standard physiotherapy care of their institution to participants
who provided consent and they were expected to record the specifics regarding their daily
patient management and patient responses to treatment on the study specific data capture
forms. Participant recruitment and data collection occurred over a total of 18 months at the
participating South African sites (October 2020 to October 2021 (CHBAH); August 2022 to
February 2023 (CMJAH)) and over 12 months in Sweden (September 2021 to September
2022). Data were captured onto two electronic databases (REDCap at the University of the
Witwatersrand (as per https://redcap.core.wits.ac.za/redcap/) for South African data and

Google Drive for the Swedish data).

The STROBE checklist was used throughout the work with this study (as per

https://www.strobe-statement.org/strobe-publications/)

Statistical analysis

Continuous variables are presented as mean (standard deviation), median (min-max) and
categorical variables with numbers and percentages. Differences between the countries were
analysed with a t-test for continuous variables and with a Pearson Chi-Square test for
categorical variables. The Chi-square test with the Phi coefficient was used to determine the
association and correlation between development of pulmonary complications and the type of
injury sustained, deep breathing exercises performed, and active coughing performed during
physiotherapy on days 1-3. Interpretation of the size of the correlation was made using the
guidelines provided by Akoglu [11] Binomial logistic regression was used to predict if
distance walked influenced the development of pulmonary complications. SPSS version 29.0

was used for the statistical analyses. A p-value <0.05 was considered significant.
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RESULTS

Demographics

During the study period, 364 patients were included in the study. Of those, 179 (49.2%) were
from South Africa, see flowchart in Figure 1. The demographic data is presented in Table 1.
The study cohorts from the two countries were significantly different. The patients in South
Africa were more often male (A 27.4%), were, in mean, 23.3 years younger, had a lower BMI
(-3.6 kg/m?), smoked more often (A 40.6%), but less frequently had a diagnosed pulmonary
disease (A -10.2%).
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The traumas

The traumas differed between the national cohorts, Table 2. Penetrating chest injury was more
frequent among South African participants (82.7%) and in Sweden blunt trauma was mostly
the cause of trauma (94.6 %, p<0.001). The injury with the highest incidence in South Africa
was assault (89.9%) and in Sweden, falls (42.1%). The number of patients with rib fractures
and flail chest was significantly higher among the Swedish patients (93.0% and 11.0%
respectively) while none of the patients from South Africa reported flail chest and 83.8%
reported no rib fractures (both p<0.001). In addition, 26 patients in Sweden had sternal
fracture compared to none of the patients from South Africa (p<0.001). Most of the
participants sustained unilateral hemopneumothorax. As a reflection of the many patients with
rib fractures, the proportion of patients with pulmonary contusion was higher in the Swedish
cohort compared to their South African counterparts (p<0.001) but the incidence of lung
laceration and diaphragm injury was reported to be low in both groups, with no significant
difference. In addition, other types of orthopaedic injuries and mild traumatic brain injuries
were also more common in the Swedish cohort (p<0.001). However, there were no significant
differences between the countries concerning injured internal organs. Details of the

orthopaedic and neurologic injuries are presented elsewhere [12)].
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Table 1. Characteristics of all patients included in the trial and divided into the cohort from

South Africa and Sweden. Mean (standard deviation) or n (%).

oNOYTULT D WN =

All, n=364

South Africa,
n=179

Sweden,

n=185

p-value

Sex

Male

272 (82.4)

170 (95.0)

125 (67.6)

Female

58 (17.6)

9 (5.0)

60 (32.4)

<0.001

Age

Years

43.1(19.0)

32.9 (10.0)

56.2 (18.2)

<0.001

18-29 years

88 (26.5)

75 (41.9)

13(7.1)

30-64 years

194 (58.4)

103 (57.5)

107 (58.8)

65- years

50 (15.0)

1(0.6)

62 (34.1)

<0.001

Missing

3

0

3

BMI

kg/m?

24.2 (5.0)

22.7 (4.8)

26.3 (5.5)

<0.001

<20 kg/m?

58 (17.5)

82 (45.8)

9 (5.8)

20-25 kg/m?

117 (35.2)

65 (36.3)

61 (39.6)

>25-30
kg/m?

99 (29.8)

37 (20.6)

84 (54.5)

<0.001

Missing

56

25

31

Current smokers, n

116 (34.8)

96 (53.6)

24 (13.0)

<0.001

Pulmonary disease, n

21(5.7)

1(0.6)

20(10.8)

<0.001
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Table 2: Types and mechanisms of injury sustained. n (%)

Page 12 of 31

Total sample | South African | Swedish p-value
(n=364) sample sample between
(n=179) (n=185) groups
Type of injury Blunt injury 208 (57.1) 33 (18.4) 175 (94.6) | <0.001
Penetrating injury 156 (42.9) 146 (82.7) 10 (5.4)
Mechanism of Assault 179 (49.2) 161 (89.9) 18 (9.7) <0.001
injury Attempted suicide 5(1.4) 1(0.6) 4(2.2)
MVC 40 (11.0) 9(5 31 (16.8)
PVC 35(9.6) 5(2.8) 30 (16.2)
Cycling accident 7(1.9) 0 7 (3.8)
Falls 81 (22.2) 0 81 (43.8)
Miscellaneous as different 17 (4.7) 3(1.7) 14 (7.6)
sport injuries
Rib fractures None 163 (44.8) 150 (83.8) 13 (7.0) <0.001
1-3 ribs fractured left 37(10.2) 8 (4.5) 29 (15.7)
1-3 ribs fractured right 39 (10.7) 7(3.9) 32 (17.3)
4-6 ribs fractured left 22 (6.0) 5(2.8) 17 (9.2.6)
4-6 ribs fractured right 32 (8.8) 7(3.9) 25 (13.5)
>3 ribs fractured bilaterally 31 (8.5) 2(1.1) 29 (15.7)
Flail chest left 21(5.8) 0 21 (11.3)
Flail chest right 19 (5.2) 0 19 (10.3)
Sternal fracture, n (%) 16 (4.4) 0 16 (8.7) <0.001
Intra-pleural None 76 (21.1) 6(3.4) 70 (38.7) | <0.001
abnormality Pneumothorax unilateral 82 (22.8) 41 (22.9) 41 (22.7)
Pneumothorax bilateral 2 (0.6) 0 2(1.1)
Haemo- or haemo- 186 (51.7) 122 (68.1) 64 (35.4)
pneumothorax unilateral
Haemo- or haemo- 14 (3.9) 10 (5.6) 42.2)
pneumothorax bilateral
Missing 3 0 3
Pulmonary contusion, n (%) 51 (14.2) 9(5.0) 42 (23.3) | <0.001
Lung laceration, n (%) 14 (3.9) 6(3.4) 8(4.3) 0.787
Diaphragm rupture, n (%) 6 (1.7) 4(2.2) 2(1.1) 0.445
Orthopaedic Upper limb fractures 38 (10.4) 9(5) 29 (16) <0.001
injuries, n (%) Lower limb fractures 1(0.3) 1(1) 0
Pelvic fractures 6(1.6) 0 6(3)
Facial fractures 7(1.9) 4(2) 3(2)
Spinal fractures 23 (6.3) 1(1) 22 (12)
Multiple fractures 18 (4.9) 18 (10)

MVC: motor vehicle crash, PVC: pedestrian vehicle crash
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Physiotherapy intervention used and adverse events.

Results concerning physiotherapy interventions given in the two countries are presented in
Table 3. As there was a large difference regarding type of injury (blunt and penetrating
trauma) between the countries, data was also analysed between these groups and results are
given in Supplementary Table 1. Most of the patients received physiotherapy treatment during
the first three days in hospital. A significantly larger group received interventions among the
South African cohort the first day after the trauma (92.7 vs 73.1%, p<0.001). These patients

also more often received multiple treatments per day (p<0.001).

Several respiratory physiotherapy interventions were reported, Table 3 and Supplementary
Table 1. In South Africa positive expiratory pressure (PEP), active coughing and the active
cycle of breathing technique (ACBT) were most often prescribed and in Sweden deep
breathing exercises (DBE) and PEP (p<0.05). Incentive spirometry was used more often in
Sweden compared to South Africa. Manual suction, manual or ventilator hyperinflation,

intermittent positive pressure breathing, or inspiratory muscle training were rarely prescribed.

Exercises to maintain range of motion in the trunk and shoulders were more frequently used
in South Africa than Sweden (Shoulder p<0.001 all three days: Trunk <0.030 day 3). Strength
training was performed by a few patients in both countries while exercises in bed were more

used especially on the first day after the trauma in the Swedish cohort (p<0.001).

Mobilisation to sit on the edge of the bed or to stand at the bedside was significantly more
often performed on the first day after the trauma in South Africa (p<0.001) the same as
walking away from the bed (p<0.01 day 1-3), Table 3 and Supplementary Table 1. None of
the Swedish patients climbed any stairs or were cycling on a stationary bike during the first
three days after the injury in contrast to the patients in South Africa where these activities are
used in standard care to evacuate pleural fluid. However, mobilisation was included as a

frequently used treatment intervention in both countries.

The additional analyses between the type of injury presented the same pattern between blunt
and penetrating injury as between the Sweden and South African cohorts (Supplementary

Table 2).

Adverse events during the physiotherapy interventions are presented in Table 3 and
Supplementary Table 1. No major adverse events, as falls or disconnected attachments were

reported. Drop in peripheral oxygen saturation and dizziness were rarely reported. However,
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during the intervention some patients experienced severe pain and it was more often common

in the Swedish cohort.

Pulmonary complications, length of stay, discharge destination and referral to out-

patient physiotherapy

Pulmonary complications during the hospital stay were rare, Table 4. Atelectasis was reported
in four patients in South Africa and 16 in Sweden (2.2 vs. 8.6%, p=0.007). None of the
patients developed pneumonia during the hospital stay in South Africa compared to eight
(4.3%) in Sweden (p=0.005). Among the patients in South Africa, seven needed non-invasive
ventilation compared to four in the Swedish cohort. In both South Africa and Sweden, three

participants needed mechanical ventilation.

Length of stay was in mean 5.4 + 4.3 days in South Africa and 6.6 +5.1 days in Sweden
(p=0.024), Table 4. Most patients were discharged to their homes (98.8% in South Africa and
55.7% in Sweden, p<0.001). Thirty-five of the remaining Swedish patients (19%) were
transferred to another ward/hospital, 32 (17%) to follow-up rehabilitation, and seven (4%) to
convalescence care. The out-patient follow-up rate by a physiotherapist was 34.6% in

Sweden compared to 1% in South Africa (p<<0.001), Table 4.

The type of injury (blunt or penetrating) was compared to the development of pulmonary
complications (yes or no). The results showed that the type of injury was associated with the
development of pulmonary complications (p=0.04) with blunt trauma having a weak negative
correlation (Phi = -0.159) with pulmonary complications. Deep breathing exercises and active
coughing were not associated with the development of pulmonary complications. Distance
mobilised away from the bedside also had no effect on the development of pulmonary

complications.
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288260-7202-uadolu

rt from South Africa and Sweden.

= o
Mean (standard deviation) or n (%). a 2
= w
g 3
Day 1 Day 2 § m &
South Africa, n=174 Sweden, n=145 p-value South Afr?é:é,%:l 52 Sweden, n=144 p-value
Receiving PT n (%) 160 (92.0) 106 (73.1) <0.001 | 122(80.3% § S 101 (70.1) 0.059
Q— fdul
treatment Sessions | 1 2(1.3) 25(27.8) <0.001 [4(3.6) 835 13 (12.9) <0.001
= O
perday |2 148 (97.4) 61 (67.8) 106 (95.5K £ £ 79 (78.2)
3 2(1.3) 4 (4.4) 1009 2z8 7(6.9)
Not reg. 8 16 1 §§ ! 2
No PT treatment | n (%) 14 (8.0) 39 (26.9) 30 (1972 M3 43 (29.9)
N~
Reasons Admitted 3 4 0.170 0 é g 3 0.043
Surgery 1 8 0 z § 8
X-ray 0 0 2 8 35 0
ER
Unstable 1 6 0 cg g_ 5
Weekend 4 12 15 z 2 15
Compliant to care 0 3 12 g 5 7
Refused 1 0 0 2 S 0
("D" [
No reason 4 6 1 3] < 5
=1 ()
Active Cycle of Breathing Technique 80 0 <0.001 54 % © 0 <0.001
N
Deep Breathing Exercises 96 21 <0.001 81 “(j S 18 <0.001
Cough 60 10 <0.001 | 40 i 4 <0.001
Breath Stacking 7 0 0.017 5 E 0 0.061
Manual Chest Physiotherapy 3 0 0.253 2 g 0 0.499
Postural Drainage 1 0 1.000 0 % 0 n.a
o
©
=3
14 %
o
®
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Body positioning for V/Q matching 1 2 0.594 1 g % 1 1.000
Suction 0 0 n.a. 0 5 S 0 n.a
« =
Manual Hyperinflation 0 0 n.a. 0 S % 0 n.a
Ventilator Hyper Inflation 0 0 n.a. 0 em g 0 n.a
(207 N~
Incentive Spirometry 1 10 0.003 1 323 12 0.001
D SN
Mechanical Insufflation-Exsufflation 0 0 n.a. 0 o3 § 0 n.a
Positive Expiratory Pressure 97 63 0.032 72 = 9 76 0.416
oW
IPPB 0 0 n.a. 0 =53 0 na
252
Inspiratory Muscle Training 1 0 1.000 0 Z @ % 0 n.a
Shoulder ROM 45 1 <0.001 31 §:>; 3 2 <0.001
=mo
Trunk ROM 3 5 0.475 6 = m 3 3 0.502
S==
Strength exercises 3 6 0.309 1 Qe g 3 0.617
I -~
Exercises in bed 14 44 <0.001 6 = g 34 <0.001
S 2
Mobilisation at least to bedside 135 72 <0.001 109 S o 73 0.066
> 8
Mobilisation to walking 119 58 <0.001 102 i '5- 71 0.003
Climbing stairs 24 0 <0.001 26 3 E' 0 <0.001
Cycling 69 0 <0.001 70 i g 0 <0.001
QD
Any adverse event 6 28 <0.001 4 % :, 22 <0.001
@ =
Adverse events* Saturation drop 1 0 1 = > 0
S
Disconnected attachments | 0 0 0 g N 0
= Q
ICD malfunction 1 1 0 » g 0
Falls 0 0 0 L? 0
Dizziness 4 5 2 3 5
@D
Severe pain 0 16 1 g 17
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Table 4: Pulmonary complications, length of stay, discharge destination and referral to out-
patient (OP) physiotherapy

South Swedish sample | p-value
African (n=185) between
sample groups
(n=179)
Pulmonary Atelectasis 4(2.2) 16 (8.6) <0.001
complications Pneumonia 0 8 (4.3)
Respiratory insufficiency | 0 1(0.5)
Non-invasive ventilation 7(3.9) 4(2.2) 0.376
Mechanical ventilation 0 3(1.6) 0.248
Length of stay Days 544.3) 6.6 (5.1) 0.024
Discharge Home 177 (98.9) 111 (60.0) <0.001
destination Other ward/hospital 2 (1.1) 35(18.9)
Rehabilitation centre 0 32 (17.3)
Convalescence care 0 7 (3.8)
Missing
Referral to outpatient physiotherapy 2(1.1) 64 (34.6) <0.001
16
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DISCUSSION

Chest traumas occur all over the world and affect many patients each year. Despite this, there
is limited evidence of the treatment and care. Pain is often reported after this kind of trauma,
especially when ribs are fractured [10]. The risk of pulmonary complications is therefore
high, and such complications ought to be prevented and treated [5,6]. There are only a few
previous reports evaluating very specific practices [8,9]. In these reports, specific
interventions with patients having had penetrating trauma with no or minor injuries to the ribs
were included. These patients were also common in the South African cohort in the current
trial. Such injuries were mostly seen following assaults on younger men. Penetrating trauma
in the South African context is often seen in young male working-class individuals and is
linked to alcohol abuse and interpersonal violence [13]. The Swedish cohort was, on average,
more than two decades older, and their trauma panorama differed significantly. In the
Swedish cohort, falls were more often the reason for the injury, resulting in a blunt trauma
which caused more fractured ribs and more often internal injuries. Differences which

probably all have different impact on the physiotherapy given.

Most of the included patients were given physiotherapy. As earlier trials and guidelines are
lacking there is no possibility to compare current routines to earlier evidence. Instead, the
rationales behind the treatments should be discussed. For patients with penetrating trauma to
the thorax, the pleura and lung parenchyma are often injured. The parenchyma has no pain
receptors, in contrast to the pleura, which is innervated by several intercostal nerves [14]. Air
and blood in the pleural space as well as intercostal drainage tubes compress and irritate the
intercostal nerves, leading to inflammation and pain [14]. Blunt traumas more often lead to
rib fractures and subsequent injuries to thoracic and abdominal tissue and organs. It is well
known that rib fractures are painful, and patients therefore breathe more shallowly and avoid
huffing and coughing and being active. The aim of the physiotherapy intervention is to
increase tidal volume but also the ability to huff and cough. Positioning and mobilisation have
an instant effect on lung function by increasing functional residual capacity and tidal volume
as the body moves from a reclined to an upright position [15]. Mobilisation is therefore an
important cornerstone of increasing lung volume. The increased volume but also the activity
per se lead to aeration of (partly) collapsed airways which may facilitate removal of retained
secretions. If the effect is not enough, additional deep breathing exercises may be necessary.
Ordinary deep breaths, without any devices, increase tidal volume during the treatment but

their long-term effects are not known. There are also devices to encourage maximal
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inspirations, such as incentive spirometry. By using such a device, the inspiration may be
slower and therefore less painful. Positive expiratory pressure is another group of techniques
and devices which not only increase the tidal volume but also, after specific instructions,
increase functional residual capacity [16]. According to the results of the current trial several
interventions were used, and PEP was the most common one. However, there are also
differences between the countries in practice. In SA, ACBT is common, in contrast to Sweden
where the structured breathing cycle is often unknown. On the contrary, in Sweden, incentive
spirometry is more common. Use of devices and equipment entails costs which may have had

an impact on the practice.

Another aim of physiotherapy practice is to accelerate the removal of fluid from the intra-
pleural space. This is performed as normal practice in South Africa [6,8-10]. Encouraging
high intensity out-of-bed activity leading to deep breathing to expand lung parenchyma,
increases intrathoracic pressure and subsequently drainage of fluid into the evacuation
systems. It is also necessary to regularly perform supported huffing/coughing when needed.
These activities are combined with active trunk movements and stair-climbing and cycling to
move the pleural fluid and pressure it towards the evacuation system. In Sweden, no specific
instructions are given on how to affect the intra-pleural fluid. As found in the results, the
Swedish patients started their PEP later than patients in South Africa. The reason may be the
practice of pleural drainage and over cautiousness. Pneumothorax is a relative contra
indication for PEP. Therefore, when pneumothorax is diagnosed treatment is often postponed

until a drainage system is inserted.

The number of treatments provided in the two countries differed significantly (p<0.001). In
South Africa the nurses per patient ratio is lower in surgical/trauma wards than in Sweden.
This influences the level of involvement of nurses and the need for patient education to
perform their physiotherapy treatment. In Sweden, physiotherapists more often prescribe the
interventions and assist the patients to perform them, but the nurses are actively involved in
the treatment to further assist the patients. The patients often also perform their breathing

exercises on their own initiative.

A significant association was found between the type of chest injury and the development of
pulmonary complications. Atelectasis is a common complication following chest wall injury
[17] as are pneumonia and respiratory failure, especially in older adults [18]. This supports
the higher incidence of pulmonary complications in the Swedish cohort who predominantly
had blunt chest trauma.
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The Swedish patients were significantly more often referred to a physiotherapist for a clinical
follow-up after discharge. The reason is unknown, but that cohort of patients was older, had
more often rib fractures, and also other trauma injuries and further rehabilitation may
therefore be needed because of these. Evidence suggests that those recovering from serious
chest trauma have chronic pain and limitations in muscle power, active range of motion of the
shoulders and trunk, and exercise capacity, which influences their health-related quality of life
for up to six months and in some cases more than one year following hospital discharge [19-
21]. Neuropathic pain results in significantly poor quality of life especially for those with
blunt chest trauma [22]. This underscores the importance of ongoing physiotherapy
management of patients’ neuromusculoskeletal impairments beyond hospital discharge, as

they recover from chest trauma.

Clinical care protocols implemented in the respective South African sites for the management
of chest trauma include intravenous analgesia, oxygen therapy, nebulisation therapy when
needed, mechanical ventilation if indicated, management of associated injuries and active
physiotherapy [23]. The uptake of active physiotherapy was demonstrated by the findings of
the South African centres, indicating alignment with the multidisciplinary care pathway
protocol in use at the centres. The beneficial effect of multidisciplinary care pathways in the
management of rib fractures as a means of reducing the risk of pulmonary complications e.g.,
pneumonia, was recently published [24]. Additionally, an international consensus paper
regarding recommendations for respiratory physiotherapy and physical rehabilitation in
patients with blunt chest wall trauma has recently become available for review to assist
clinicians with decision-making and treatment selection during clinical practice [25]. This
consensus paper emphasizes the importance of early physiotherapy interventions focused on
lung volume expansion and removal of retained secretions. Physiotherapists in the current
study used ACBT, deep breathing and active coughing in their patient management from day
1 of admission, which resonates with these recommendations [25]. The South African
physiotherapists mobilised most of their patients out of bed on day 1 after admission and
included upper limb range of motion exercises for rehabilitation. These interventions conform
to the expert consensus paper that states very early out of bed exercises and upper limb
exercises should form part of rehabilitation for patients with chest trauma without fractures to

the upper limbs [25].

There were only minor adverse events reported from the treatments in the current study.

Desaturation was reported in some patients and almost all cases occurred during the first day
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after the trauma. Dizziness and excessive pain were reported during all three or some patients.
There were no reports of falls or pneumothorax. Even if this study was not large enough to
fully explore adverse events, the received message is that it seems to be safe when treatment
is given according to standard practice. However, the excessive pain may have influenced the
physiotherapy given and the patients” adherence to prescribed self-training which

subsequently may have had impact on recovery.

Strengths and limitations

There are both strengths and limitations of this study. One strength is that both cohorts were
collected in government funded university-affiliated public hospitals in both countries, thus
reflecting the normal flow of patients. However, these two cohorts might reflect a more
injured population compared to county hospitals in Sweden and regional hospitals in South
Africa where those with minor trauma are treated. The data was prospectively collected to
mirror the actual clinical practice but some of the patients who fulfilled the inclusion criteria
were never recruited due to logistical reasons. Those patients may have been missed during
screening of the respective wards and/or not referred by the multidisciplinary team. In
addition, the patients may already have been active on the ward when screening took place
and the need for physiotherapy intervention was not necessary. Another strength is that two
different cohorts were merged to give the opportunity to analyse subgroups for instance

comparing physiotherapy management following blunt and penetrating trauma.

There are also limitations of the study. The study cohort were significantly different between
the countries. The patients in South Africa more often had penetrating trauma with different
outcomes than the Swedish patients. Therefore, additional analyses of the differences between
the type of injury were performed. The management of the patients in the six hospitals in the
two countries also varied and the accuracy of reported data may therefore be questioned. Data
regarding physiotherapy interventions was self-reported, which may have impacted the
objectivity. In neither of the countries no regular weekend service provision of physiotherapy
was provided which led to limited or no screening for potential participant or inclusion to the
study during the weekends. In addition, no data was collected during the weekends or service
delivered. That patients arriving in the end of or during the weekend did not receive the
treatment the other patients received is a shortcoming and need to be addressed in future
trials. Therefore, evaluations and treatments were neither optimally performed nor reported.

There was a large amount of missing data for distance mobilised and the use of active
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coughing during physiotherapy sessions. Moreover, standards for defining/specifying
atelectasis and pneumonia might differ between the different settings and countries. All the
above may limit the interpretation and generalisability of the findings. Finally, a limitation
was the inclusion period performed during the covid-19 pandemic which may have had an

impact on the patient flows and care.

CONCLUSSION

This study shows that there are differences in physiotherapy practice between the two
countries of South Africa and Sweden. The result can partly be explained by the fact that the
cohorts differed, both regarding types and mechanisms of injuries and the age of the patients
in the two countries. In addition, this study shows international differences in methods, where
physiotherapy interventions begin earlier and use more interventions with high intensity and

active movements in South Africa.
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Supplementary Table 1. Number of and content in physiotherapy treatments day 3 after chest
trauma divided in the cohort from South Africa and Sweden. Mean (standard deviation) or n

BMJ Open

(%0).
Day 3
South Africa | Sweden p-value
n=123 n=136
Receiving PT n (%) 86 (69.9) 95 (69.0) | 0.991
treatment Sessions | 1 0 21 (31.8) | <0.001
perday |2 80 (100.0) 41 (62.1)
3 0 4(6.1)
Notreg. | 6 29
Receiving no n (%) 37 (30.1) 41 (31.0)
PT treatment Reasons
Admitted 0 0 0.991
Surgery 1 6
X-ray 1 0
Unstable 0 1
Weekend 16 16
Compliant to care 5 9
Refused 1 0
No reason 13 9
Active Cycle of Breathing Technique | 35 0 <0.001
Deep Breathing Exercises 59 9 <0.001
Cough 16 4 <0.010
Breath Stacking 1 0 1.000
Manual Chest Physiotherapy 2 0 0.499
Postural Drainage 0 0 n.a.
Body positioning for V/Q matching 1 2 0.608
Suction 1 0 0.457
Manual Hyperinflation 0 0 n.a.
Ventilator Hyper Inflation 0 0 n.a.
Incentive Spirometry 0 9 0.004
Mechanical Insufflation-Exsufflation 0 0 n.a.
Positive Expiratory Pressure 49 69 0.147
IPPB 0 0 n.a.
Inspiratory Muscle Training 0 0 n.a.
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Shoulder ROM 19 2 <0.001
Trunk ROM 4 1 0.108
Strength exercises 0 1 >0.999
Exercises in bed 4 24 <0.001
Mobilisation at least to bedside 76 76 0.012
Mobilisation to walking 71 69 0.096
Climbing stairs 8 0 <0.001
Cycling 47 0 <0.001
Any adverse event 6 22 <0.001
Adverse events* | Saturation drop 1 0

Disconnected 0 0

attachments

ICD malfunction | 1 1

Falls 0 0

Dizziness 4 5

Severe pain 0 16
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Supplementary Table 2. Number of and content in physiotherapy treatments after chest trauma divided in

Mean (standard deviation) or n.
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trauma was blunt or penetrating.
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«
)
Day 1 Day 2 % %1 EDay 3
Penetrating | Blunt p-value | Penetrating Blunt p-valueg 2 &Penetrating Blunt p-value
v S
n=148 n=171 n=134 n=162 T3 \én:l 10 n=149
—ao
Receiving n (%) 135(90.6) | 131 (77.2) | <0.001 109 (81.3) 114 (70.3) | 0.029 %a 579 (71.8) 102 (68.5) | 0.560
PT Sessions | 1 2 (1.6) 25(21.6) | <0.001 |4@4.1 13 (11.7) <0.001 ;'CED =4 (5.5) 17 (23.3) | <0.001
3 =
treatment perday |2 121 (96.0) | 88 (75.9) 92 (92.9) 93 (81.6) gg i69 (94.5) 52(71.2)
3 32.4) 32.6) 33.0) 5 (4.4) 5 E0 4(5.5)
2.m
Notreg |9 15 10 3 =L56 29
(Q .- -
Receiving | n (%) 13 (26.9) 40 (7.3) 25 (18.7) 48 (29.6) > B31(1.0) 47 (30.1)
- B
no PT Reasons 2 F
R
treatment Admitted 3 4 0.119 0 3 0.04 & -0 0 0.175
Q
Surgery 5 4 0 8 = £1 6
e B
X-ray 0 0 2 0 3 Bl 0
) o]
Unstable 0 7 1 4 = Fo 1
Weekend 3 13 14 16 = Bi5 17
o po
Compliant to care 0 3 8 11 S N7 7
> R
Refused 0 1 0 0 2Bl 0
No reason 2 8 0 6 c:E6 16
Specific breathing exercises é
g
=
«Q
£
=.
Qo
c
(¢
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o 3
© |
s 38
S ¥
Active Cycle of Breathing 63 17 <0.001 |43 11 <0.0012 829 6 <0.001
Qo
Technique R
Deep Breathing Exercises 79 38 <0.001 | 69 31 <0.001 E ;1;150 18 <0.001
Cough 46 24 0.003 |32 12 <0.0018 2E12 8 0.107
o P
Breath Stacking 3 4 0.679 |3 2 0.661 xSkl 0 0.429
@D
Manual Chest Physiotherapy 3 0 0.247 2 0 0.204 gg P10 2 0.508
—t 3
Postural Drainage 1 0 0.322 0 0 na. %2EO 0 n.a.
Body positioning for V/Q 0 3 0.119 0 2 0503 22 20 3 0.262
matching EE £
L >E
Suction 0 0 n.a 0 0 na. 2mgl 0 0.429
ER2)=3
Manual Hyperinflation 0 0 n.a. 0 0 na. @- §0 0 n.a.
L =
Ventilator Hyper Inflation 0 0 n.a. 0 0 na. = gO 0 n.a
O
Incentive Spirometry 2 9 0.033 4 9 0.395 g B2 7 0.307
[t B
Mechanical Insuftlation- 0 0 n.a 0 0 n.a '% =0 0 n.a
Exsufflation z g
3
Positive Expiratory Pressure 81 79 0.980 64 84 0.567 5 p47 71 0.271
IPPB 0 0 n.a. 0 0 n.a g £0 0 n.a
(D
Inspiratory Muscle Training 1 0 ~0.999 |0 0 na. o &0 0 na.
fle) \"
Other interventions _r;-,' N
Shoulder ROM 33 13 <0.001 |25 8 <0.001 =13 8 0.069
€«
Trunk ROM 3 5 0.329 5 4 0.736 52 3 >0.999
(D
Strength exercises 1 8 0.018 0 3 0.255 gO 1 >0.999
Exercises in bed 14 44 <0.001 |6 34 <0.001 §3 25 <0.001
©
=
Qo
c
(¢
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PT: Physiotherapy, ROM: Range of motion, IPPB: Intermittent Positive Pressure Breathing, V/Q: Ventil

events possible.
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ABSTRACT

Objectives: The study aimed to describe and compare the clinical physiotherapy management

of patients hospitalised due to chest trauma in South Africa (SA) and Sweden.
Design: A prospective observational multicentre international study.

Setting: Two university-affiliated public sector hospitals in SA and four university-affiliated

public sector hospitals in Sweden.

Participants: In total, 364 adults, hospitalised due to chest trauma were consecutively

recruited of which 179 from SA and 185 from Sweden.

Outcome measures: Physiotherapy practice was recorded in parallel with standard care. In

addition, pulmonary complications and length of hospital stay were collected.

Results: Despite differences in the type of trauma between the national cohorts (83%
penetrating traumas in SA and 95% blunt traumas in Sweden), most patients received
physiotherapy treatment during the first three days in hospital. Physiotherapy interventions
such as mobilisation (Day 1: Sit on edge of bed; Days 1-3: Walking) and exercises to
maintain range of motion (Days 1-3: Shoulder; Day 3: Trunk) were initiated earlier in SA
(p<0.05). Treatment with the active cycle of breathing technique was more used in SA while
deep breathing exercises were more common in Sweden and positive expiratory pressure was
common in both countries. Length of stay was in mean 5.4 (95% CI 4.8, 6.0) days in South
Africa and 6.6 (5.8, 7.4) days in Sweden (p=0.024), Table 4.

Conclusions: Despite differences in trauma panoramas and the national cohorts there seem to

be similarities in clinical physiotherapy practices between the two countries.
Keywords: Chest, Mobilisation, Physiotherapy Modalities, Prospective, Trauma.
Strengths and limitations of this study:

e The combination of data from the two countries with different trauma panoramas
gives a broader perspective of physiotherapy practice.

e The large study cohort made it possible to perform subgroup analyses.

e There are major differences between the study cohorts from the two countries.

e General health care practice differs between the two countries.
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BACKGROUND

Worldwide, traumatic injury causes a substantial health risk with subsequent risk of disability
and mortality [1]. Injuries to the chest may be caused by blunt trauma (e.g. road traffic
accidents [RTA], assault or falls) or penetrating trauma (e.g. gunshots, stab wounds) and can
include rib fractures, flail chest, pneumothorax, haemothorax, and pulmonary contusion [2-4].
In the acute phase the injuries cause pain leading to decreased ventilation and oxygenation.
Common pulmonary complications that develop following chest injury are atelectasis,
respiratory distress, pneumonia and/or respiratory failure [4]. Patients who develop such
complications are particularly at risk of mortality [S]. The aims of physiotherapy interventions
for this population include prevention of development of pulmonary complications and
management of those that are already present. Physiotherapy treatment involves normalisation
of lung volumes and compliance; improvement of oxygenation; and optimising physical
performance by encouraging active out-of-bed mobilisation away from the bedside as soon as
the patient’s condition has stabilised [6]. The implementation of appropriate pain relief

strategies is also important in the management of such patients [6].

Physiotherapists are important members of the multidisciplinary team who care for patients
with chest trauma in an acute care setting [7)]. However, there is a scarcity of research within
the field about the use and effects of different physiotherapy interventions for patients with
chest trauma. In the 1990s, two studies were published where treatments (including breathing
exercises, trunk movements and physical activity) initiated immediately after the insertion of
an intercostal drain for patients with penetrating chest trauma were evaluated in comparison to
interventions initiated after 9-12 hours [8] or after 12-24 hours [9]. It was found that the
immediate interventions significantly reduced the time for fluid drainage from the intercostal

spaces, and the length of hospital stay.

In the absence of evaluations of physiotherapy interventions for patients with chest trauma,
our research group performed a survey in 2019 of which the aims were to determine the
physiotherapy management of patients having sustained major chest trauma and to investigate
how such practices varied internationally [10]. The results indicated that most patients
received active treatment such as coughing, deep breathing exercises, body positioning and
early mobilisation. However, rehabilitation to address longer term sequelae following hospital
discharge was reported to be rare. The results from the previous study were based on

questionnaires with subjective responses. There is a lack of observational studies investigating

4
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physiotherapy interventions utilised in clinical practice, and with whom and when they are

initiated after chest trauma.

Therefore, the purpose of this paper is to describe and compare the physiotherapy
management of patients recovering from chest trauma, the adverse events reported during
physiotherapy treatment, and the pulmonary complications that developed during

hospitalization in South Africa and Sweden.

MATERIALS AND METHODS:

A prospective observational multicentre study, utilising clinical record review of adult
patients with traumatic chest injury, was conducted in these two countries with different
trauma panoramas and patient groups to be able to capture a wider perspective of the
phenomenon. Chest trauma was, in this study, presented as blunt or penetrating injury
resulting in pneumothorax, haemothorax, fractures of the ribcage, fractures of the sternum,

and/or pulmonary injuries.

Ethical considerations:

Permission to conduct this study was obtained from the trauma unit managers and
physiotherapy heads-of-department at Charlotte Maxeke Johannesburg Academic hospital
(CMJAH) and Chris Hani Baragwanath Academic hospital (CHBAH) (South Africa) and
Sahlgrenska University (SU) hospital, Karolinska University hospital/Solna (KS), Umea
University hospital (UU) and, Skane University hospital/Lund (SUS) (Sweden). The Gauteng
province of the South African National Department of Health provided permission for data to
be collected from participants admitted to CMJAH and CHBAH. In South Africa, the
University of the Witwatersrand Faculty of Health Sciences Human Research Ethics
(Medical) committee provided ethical approval to conduct this study (clearance number:
M200222). In Sweden, ethical approval was obtained from the Regional Ethics Committee for
the region of Véstra Gotaland (clearance number: Dnr: 2019-04848). The ethical principles
related to the conduct of research on human subjects outlined in the Declaration of Helsinki
were observed. The patients were included after oral and written information was provided

and written consent was obtained.
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Context of the study

The South African patients approached for participation in this study were managed in the
trauma intensive care units (ICUs), high dependency units (HDUs) and wards of CMJAH and
CHBAH situated in Johannesburg, Gauteng. The Swedish patients were managed either in
trauma centres (HDUs) (Stockholm and Gothenburg) or surgical wards with trauma profiles
(Umea and Lund). All participating hospitals are university-affiliated public sector hospitals
and government funded. In all hospitals eligible patients in ICU or HDU were assessed daily
to ensure that no complications arose before they were transferred to the ward. Patients with
shorter ICU stays were transferred directly from ICU to the wards but some who needed
longer ICU stay were cared for in the HDUs before transfer to the trauma wards. Participants
were treated according to standard physiotherapy practice at all participating hospitals.
Physiotherapy was provided during regular working hours, which differed between the
hospitals. All hospitals had physiotherapists on duty in the wards on weekdays, and at
CHBAH, CMJAH, SU and KS there were also physiotherapists on duty on weekends, but
then only for a selection of patients who were newly admitted or had existing acute
respiratory symptoms. Other hospitals did not have physiotherapy on weekends, so their

patients continued with their treatment independently or with the support of nursing staff.

Study setting and population:

Patients who were 18 years or older and had been diagnosed with traumatic chest injury, with
or without additional injuries, were consecutively screened for participation. They were
admitted to and included in the trial while being cared for at the trauma ICU, HDUs, or the
surgical and trauma wards of the participating sites. Those with dementia, acute or previously
diagnosed spinal cord injury or traumatic brain injury (Glasgow coma scale <12), complex
fractures of the pelvis or lower limbs, amputation of the lower limb/s that restricted active
mobilisation, and those with extensive abdominal trauma (open laparotomy managed in the

ICU) were excluded from participation.

On average, 100 patients with thoracic trauma were referred for physiotherapy at CHBAH
and CMJAH per month prior to COVID-19. The anticipated study population across these
two South African participating sites was thus 1 200 patients over a 12-months period. At the
hospitals in Sweden, the average monthly patient admission rate for those with traumatic
chest injury was approximately 40 patients (combined) prior to COVID-19. Thus, an

anticipated study population of 480 patients per year. A sample size estimate of 304 patients

6

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

Y e

* (s3gv) Inauadns juswaublosug


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

was calculated and was informed by an expected incidence of 45% pneumonia as described
by Dhar et al. [11] in patients with traumatic chest injury, 95% confidence interval, and

margin of error of 5%.

Procedure:

Meetings were held with the clinical physiotherapy staff who worked in the trauma units and
wards of the respective study sites to explain the study aims and objectives. These clinicians
were asked to fill in participant details on study-specific data capture forms. Information
collected included demographics (age, gender, height, weight, smoking history, and presence
of chronic pulmonary disease), clinical presentation (type and mechanism of traumatic injury
sustained), physiotherapy management received during the hospital stay, pulmonary
complications that developed during hospitalisation, and discharge information (length of
stay, discharge destination, physiotherapy follow-up). The physiotherapists that oversaw the
trauma ICUs, HDUs and surgical/trauma wards at the participating sites were responsible for
recruiting participants, according to the set inclusion and exclusion criteria, as they screened
the wards and units daily (Mondays to Fridays) for new admissions. All clinical
physiotherapists provided the standard physiotherapy care of their institution to participants
who provided consent. They were expected to record the specifics regarding their daily
patient management and patient responses to treatment on the study specific data capture
forms. Participant recruitment and data collection occurred over a total of 18 months at the
participating South African sites (October 2020 to October 2021 (CHBAH); August 2022 to
February 2023 (CMJAH)) and over 12 months in Sweden (September 2021 to September
2022). Data were captured onto two electronic databases (REDCap at the University of the
Witwatersrand (as per https://redcap.core.wits.ac.za/redcap/) for South African data and

Google Drive for the Swedish data.

The STROBE checklist was used in reporting of this study (as per https://www.strobe-

statement.org/strobe-publications/)

Statistical analysis

Continuous variables are presented as mean (standard deviation), or median (min-max) and
categorical variables with numbers and percentages. Differences between the countries were

analysed with a t-test for continuous variables and with a Pearson Chi-Square test for
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categorical variables. The Chi-square test with the Phi coefficient was used to determine the
association and correlation between development of pulmonary complications and the type of
injury sustained, deep breathing exercises performed, and active coughing performed during
physiotherapy on days 1-3. Interpretation of the size of the correlation was made using the
guidelines provided by Akoglu [12]. Binomial logistic regression was used to predict if
distance walked influenced the development of pulmonary complications. IBM® SPSS®

version 29.0 was used for the statistical analyses. A p-value <0.05 was considered significant.

RESULTS

Demographics

During the study period, 364 patients were included in the study. Of those, 179 (49.2%) were
from South Africa, see flowchart in Figure 1. The demographic data is presented in Table 1.
The study cohorts from the two countries were significantly different. The patients in South
Africa were more often male (A 27.4%), were, in mean, 23.3 years younger, had a lower BMI
(-3.6 kg/m?), smoked more often (A 40.6%), but less frequently had a diagnosed pulmonary
disease (A -10.2%).

8
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The traumas

The traumas differed between the national cohorts, Table 2. Penetrating chest injury was more
frequent among South African participants (82.7%) and in Sweden blunt trauma was mostly
the cause of injury (94.6 %, p<0.001). The injury with the highest incidence in South Africa
was assault (89.9%) and in Sweden, falls (42.1%). The number of patients with rib fractures
and flail chest was significantly higher among the Swedish patients (93% and 11%
respectively) while none of the patients from South Africa reported flail chest and 83.8%
reported no rib fractures (both p<0.001). In addition, 26 patients in Sweden had sternal
fracture compared to none of the patients from South Africa (p<0.001). Most of the
participants sustained unilateral haemopneumothorax. As a reflection of the many patients
with rib fractures, the proportion of patients with pulmonary contusion was higher in the
Swedish cohort compared to their South African counterparts (p<<0.001); however, the
incidence of lung laceration and diaphragm injury was reported to be low in both groups, with
no significant difference. In addition, other types of orthopaedic injuries and mild traumatic
brain injuries were also more common in the Swedish cohort (p<0.001). There were no
significant differences between the cohorts concerning injured internal organs. Details of the

orthopaedic and neurologic injuries are presented elsewhere [13].
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Table 1. Characteristics of all patients included in the trial and divided into the cohort from

South Africa and Sweden. Mean (standard deviation) or n (%).

oNOYTULT D WN =

All, n=364

South Africa,
n=179

Sweden,

n=185

p-value

Sex

Male

272 (82.4)

170 (95.0)

125 (67.6)

Female

58 (17.6)

9 (5.0)

60 (32.4)

<0.001

Age

Years

43.1(19.0)

32.9 (10.0)

56.2 (18.2)

<0.001

18-29 years

88 (26.5)

75 (41.9)

13(7.1)

30-64 years

194 (58.4)

103 (57.5)

107 (58.8)

65- years

50 (15.0)

1(0.6)

62 (34.1)

<0.001

Missing

3

0

3

BMI

kg/m?

24.2 (5.0)

22.7 (4.8)

26.3 (5.5)

<0.001

<20 kg/m?

58 (17.5)

82 (45.8)

9 (5.8)

20-25 kg/m?

117 (35.2)

65 (36.3)

61 (39.6)

>25-30
kg/m?

99 (29.8)

37 (20.6)

84 (54.5)

<0.001

Missing

56

25

31

Current smokers, n

116 (34.8)

96 (53.6)

24 (13.0)

<0.001

Pulmonary disease, n

21(5.7)

1(0.6)

20(10.8)

<0.001
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Table 2: Types and mechanisms of injury sustained. n (%)

Page 12 of 31

Total sample | South African | Swedish p-value
(n=364) sample sample between
(n=179) (n=185) groups
Type of injury Blunt injury 208 (57.1) 33 (18.4) 175 (94.6) | <0.001
Penetrating injury 156 (42.9) 146 (82.7) 10 (5.4)
Mechanism of Assault 179 (49.2) 161 (89.9) 18 (9.7) <0.001
injury Attempted suicide 5(1.4) 1(0.6) 4(2.2)
MVC 40 (11.0) 9(5 31 (16.8)
PVC 35(9.6) 5(2.8) 30 (16.2)
Cycling accident 7(1.9) 0 7 (3.8)
Falls 81 (22.2) 0 81 (43.8)
Miscellaneous as different 17 (4.7) 3(1.7) 14 (7.6)
sport injuries
Rib fractures None 163 (44.8) 150 (83.8) 13 (7.0) <0.001
1-3 ribs fractured left 37(10.2) 8 (4.5) 29 (15.7)
1-3 ribs fractured right 39 (10.7) 7(3.9) 32 (17.3)
4-6 ribs fractured left 22 (6.0) 5(2.8) 17 (9.2.6)
4-6 ribs fractured right 32 (8.8) 7(3.9) 25 (13.5)
>3 ribs fractured bilaterally 31 (8.5) 2(1.1) 29 (15.7)
Flail chest left 21(5.8) 0 21 (11.3)
Flail chest right 19 (5.2) 0 19 (10.3)
Sternal fracture, n (%) 16 (4.4) 0 16 (8.7) <0.001
Intra-pleural None 76 (21.1) 6(3.4) 70 (38.7) | <0.001
abnormality Pneumothorax unilateral 82 (22.8) 41 (22.9) 41 (22.7)
Pneumothorax bilateral 2 (0.6) 0 2(1.1)
Haemo- or haemo- 186 (51.7) 122 (68.1) 64 (35.4)
pneumothorax unilateral
Haemo- or haemo- 14 (3.9) 10 (5.6) 42.2)
pneumothorax bilateral
Missing 3 0 3
Pulmonary contusion, n (%) 51 (14.2) 9(5.0) 42 (23.3) | <0.001
Lung laceration, n (%) 14 (3.9) 6(3.4) 8(4.3) 0.787
Diaphragm rupture, n (%) 6 (1.7) 4(2.2) 2(1.1) 0.445
Orthopaedic Upper limb fractures 38 (10.4) 9(5) 29 (16) <0.001
injuries, n (%) Lower limb fractures 1(0.3) 1(1) 0
Pelvic fractures 6(1.6) 0 6(3)
Facial fractures 7(1.9) 4(2) 3(2)
Spinal fractures 23 (6.3) 1(1) 22 (12)
Multiple fractures 18 (4.9) 18 (10)

MVC: motor vehicle crash, PVC: pedestrian vehicle crash
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Physiotherapy intervention used and adverse events.

Results concerning physiotherapy interventions given in the two countries are presented in
Table 3. As there was a large difference regarding type of injury (blunt versus penetrating
trauma) between the countries, data was also analysed between these groups and results are
given in Supplementary Table 1. Most of the patients received physiotherapy treatment during
the first three days in hospital. A significantly larger group received interventions among the
South African cohort on the first day after admission (92.7 vs 73.1%, p<0.001). These

patients more often received multiple treatments per day (p<0.001).

Several respiratory physiotherapy interventions were reported, Table 3 and Supplementary
Table 1. In South Africa positive expiratory pressure (PEP), active coughing and the active
cycle of breathing technique (ACBT) were most often prescribed and in Sweden deep
breathing exercises (DBE) and PEP (p<0.05). Incentive spirometry was used more often in
Sweden compared to South Africa. Manual suction, manual or ventilator hyperinflation,

intermittent positive pressure breathing, or inspiratory muscle training were rarely prescribed.

Exercises to maintain range of motion in the trunk and shoulders were more frequently used
in South Africa than Sweden (Shoulder p<0.001 all three days: Trunk <0.030 day 3). Strength
training was performed by a few patients in both countries while exercises in bed were more

used especially on the first day after admission in the Swedish cohort (p<0.001).

Mobilisation to sit on the edge of the bed or to stand at the bedside was significantly more
often performed on the first day after admission in South Africa (p<0.001) as was walking
away from the bed (p<0.01 day 1-3), Table 3 and Supplementary Table 1. None of the
Swedish patients climbed any stairs or were cycling on a stationary bike during the first three
days after the injury in contrast to the patients in South Africa where these activities are used
in standard care to evacuate pleural fluid. Mobilisation was, however, included as a frequently

used treatment intervention in both countries.

The additional analyses between the type of injury presented the same pattern between blunt
and penetrating injury as between the Sweden and South African cohorts (Supplementary

Table 2).

Adverse events during the physiotherapy interventions are presented in Table 3 and
Supplementary Table 1. No major adverse events, such as falls or disconnected attachments,

were reported. Drop in peripheral oxygen saturation and dizziness were rarely reported. Some
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patients experienced severe pain during physiotherapy sessions and this was more common in

the Swedish cohort.

Pulmonary complications, length of stay, discharge destination and referral to out-

patient physiotherapy

Pulmonary complications during hospital stay were rare, Table 4. Atelectasis was reported in
four patients in South Africa and 16 in Sweden (2.2 vs. 8.6%, p=0.007). None of the patients
developed pneumonia during the hospital stay in South Africa compared to eight (4.3%) in
Sweden (p=0.005). Among the patients in South Africa, seven needed non-invasive
ventilation compared to four in the Swedish cohort. In both South Africa and Sweden, three

participants needed mechanical ventilation.

Length of stay was in mean 5.4 (95% CI 4.8, 6.0) days in South Africa and 6.6 (5.8, 7.4) days
in Sweden (p=0.024), Table 4. Most patients were discharged to their homes (98.8% in South
Africa and 55.7% in Sweden, p<0.001). Thirty-five of the remaining Swedish patients (19%)
were transferred to another ward/hospital, 32 (17%) to follow-up rehabilitation, and seven

(4%) to convalescence care. The out-patient follow-up rate by a physiotherapist was 34.6% in

Sweden compared to 1% in South Africa (p<<0.001), Table 4.

The type of injury (blunt or penetrating) was compared to the development of pulmonary
complications (yes or no). The results showed that the type of injury was associated with the
development of pulmonary complications (p=0.04) with blunt trauma having a weak negative
correlation (Phi = -0.159) with pulmonary complications. Deep breathing exercises and active
coughing were not associated with the development of pulmonary complications. Distance
mobilised away from the bedside also had no effect on the development of pulmonary

complications.
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Day 1 Day 2 § mg
South Africa, n=174 Sweden, n=145 p-value South Afr?é:é,%:l 52 Sweden, n=144 p-value
Receiving PT n (%) 160 (92.0) 106 (73.1) <0.001 | 122(80.3% § S 101 (70.1) 0.059
Q— fdul
treatment Sessions | 1 2(1.3) 25 (27.8) <0001 [43.6) & g o 13 (12.9) <0.001
perday |2 148 (97.4) 61 (67.8) 106 (95.5K £ £ 79 (78.2)
3 2(1.3) 4 (4.4) 1009 2z8 7(6.9)
o o
Not reg. 8 16 11 22 2
833
No PT treatment | n (%) 14 (8.0) 39 (26.9) 30 (1972 M3 43 (29.9)
N~
Reasons Admitted 3 4 0.170 0 é g 3 0.043
Surgery 1 8 0 z § 8
X-ray 0 0 2 %: _(gD' 0
Unstable 1 6 0 cg g_ 5
Weekend 4 12 15 5 32 15
o 3
Compliant to care 0 3 12 3 3 7
Refused 1 0 0 2 S 0
=g [
No reason 4 6 1 § % 5
Active Cycle of Breathing Technique 80 0 <0.001 54 % © 0 <0.001
N
Deep Breathing Exercises 96 21 <0.001 81 “(j S 18 <0.001
Cough 60 10 <0.001 | 40 i 4 <0.001
Breath Stacking 7 0 0.017 5 E 0 0.061
Manual Chest Physiotherapy 3 0 0.253 2 g 0 0.499
Postural Drainage 1 0 1.000 0 % 0 n.a
o
©
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@
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Suction 0 0 n.a. 0 5 S 0 n.a
« =
Manual Hyperinflation 0 0 n.a. 0 S % 0 n.a
Ventilator Hyper Inflation 0 0 n.a. 0 em g 0 n.a
(207 N~
Incentive Spirometry 1 10 0.003 1 323 12 0.001
D SN
Mechanical Insufflation-Exsufflation 0 0 n.a. 0 o3 § 0 n.a
Positive Expiratory Pressure 97 63 0.032 72 = 9 76 0.416
oW
IPPB 0 0 n.a. 0 =53 0 na
252
Inspiratory Muscle Training 1 0 1.000 0 Z @ % 0 n.a
Shoulder ROM 45 1 <0.001 31 §:>; 3 2 <0.001
=mo
Trunk ROM 3 5 0.475 6 = m 3 3 0.502
S==
Strength exercises 3 6 0.309 1 Qe g 3 0.617
I -~
Exercises in bed 14 44 <0.001 6 = g 34 <0.001
S 2
Mobilisation at least to bedside 135 72 <0.001 109 S o 73 0.066
> 8
Mobilisation to walking 119 58 <0.001 102 i '5- 71 0.003
Climbing stairs 24 0 <0.001 26 3 E' 0 <0.001
Cycling 69 0 <0.001 70 i g 0 <0.001
QD
Any adverse event 6 28 <0.001 4 % :, 22 <0.001
@ =
Adverse events* Saturation drop 1 0 1 = > 0
S
Disconnected attachments | 0 0 0 g N 0
= Q
ICD malfunction 1 1 0 » g 0
Falls 0 0 0 L? 0
Dizziness 4 5 2 3 5
@D
Severe pain 0 16 1 g 17
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Table 4: Pulmonary complications, length of stay, discharge destination and referral to out-

patient physiotherapy. Mean [95% CI] or n (%)

South Swedish sample | p-value
African (n=185) between
sample groups
(n=179)
Pulmonary Atelectasis 4(2.2) 16 (8.6) <0.001
complications Pneumonia 0 8 (4.3)
Respiratory insufficiency | 0 1(0.5)
Non-invasive ventilation 7(3.9) 4(2.2) 0.376
Mechanical ventilation 0 3(1.6) 0.248
Length of stay Days 5414.8,6.0] |6.6[5.8,7.4] 0.024
Discharge Home 177 (98.9) 111 (60.0) <0.001
destination Other ward/hospital 2 (1.1) 35(18.9)
Rehabilitation centre 0 32 (17.3)
Convalescence care 0 7 (3.8)
Missing
Referral to outpatient physiotherapy 2(1.1) 64 (34.6) <0.001
16
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DISCUSSION

Chest injuries occur all over the world and affect many patients each year. Despite this, there
is limited evidence of the treatment and care provided to these patients. Pain is often reported
after this kind of injury, especially when ribs are fractured [10]. The risk of pulmonary
complications is therefore high, and such complications ought to be prevented and treated
[5,6]. There are only a few previous reports evaluating very specific practices [8,9]. In these
reports, specific interventions with patients having had penetrating trauma with no or minor
injuries to the ribs were included. These patients were also common in the South African
cohort in the current trial. Such injuries were mostly seen following assaults on younger men.
Penetrating trauma in the South African context is often seen in young male working-class
individuals and is linked to alcohol abuse and interpersonal violence [14]. The Swedish
cohort was, on average, more than two decades older, and their trauma panorama differed
significantly. In the Swedish cohort, falls were more often the reason for the injury, resulting
in blunt trauma which caused more fractured ribs and more often internal injuries. Differences

which probably all have different impact on the physiotherapy given.

Most of the included patients were given physiotherapy. As earlier trials and guidelines are
lacking there is no possibility to compare current routines to earlier evidence. Instead, the
rationales behind the treatments should be discussed. For patients with penetrating trauma to
the thorax, the pleura and lung parenchyma are often injured. The parenchyma has no pain
receptors, in contrast to the pleura, which is innervated by several intercostal nerves [15]. Air
and blood in the pleural space as well as intercostal drainage tubes compress and irritate the
intercostal nerves, leading to inflammation and pain [15]. Blunt injuries more often lead to
rib fractures and subsequent injuries to thoracic and abdominal tissue and organs. It is well
known that rib fractures are painful, and patients therefore breathe more shallowly and avoid
huffing and coughing and being active. The aim of the physiotherapy intervention is to
increase tidal volume but also the ability to huff and cough. Positioning and mobilisation have
an instant effect on lung function by increasing functional residual capacity and tidal volume
as the body moves from a reclined to an upright position [16]. Mobilisation is therefore an
important cornerstone of increasing lung volume. The increased volume but also the activity
per se lead to aeration of (partly) collapsed airways which may facilitate removal of retained
secretions. If the effect is not enough, additional deep breathing exercises may be necessary.
Ordinary deep breaths, without any devices, increase tidal volume during the treatment but

their long-term effects are not known. There are also devices to encourage maximal
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inspirations, such as incentive spirometry. By using such a device, the inspiration may be
slower and therefore less painful. Positive expiratory pressure is another group of techniques
and devices which not only increase the tidal volume but also, after specific instructions,
increase functional residual capacity [17]. According to the results of the current trial several
interventions were used, and PEP was the most common. However, there are also differences
between the countries in practice. In SA, ACBT is common, in contrast to Sweden where the
structured breathing cycle is often unknown. On the contrary, in Sweden, incentive spirometry
is more common. Use of devices and equipment entails costs which may have had an impact

on the practice.

Another aim of physiotherapy practice is to accelerate the removal of fluid from the intra-
pleural space. This is performed as normal practice in South Africa [6,8-10]. Encouraging
high intensity out-of-bed activity leading to deep breathing to expand lung parenchyma,
increases intrathoracic pressure and subsequently drainage of fluid into the evacuation
systems. It is also necessary to regularly perform supported huffing or coughing when needed.
These activities are combined with active trunk movements and stair-climbing and cycling to
move the pleural fluid and pressure it towards the evacuation system. In Sweden, no specific
instructions are given on how to affect the intra-pleural fluid. As found in the results, the
Swedish patients started their PEP later than patients in South Africa. The reason may be the
practice of pleural drainage and over cautiousness. Pneumothorax is a relative contra
indication for PEP. Therefore, when pneumothorax is diagnosed treatment is often postponed

until a drainage system is inserted.

The number of treatments provided in the two countries differed significantly (p<0.001). In
South Africa the nurses per patient ratio is lower in surgical ortrauma wards than in Sweden.
This influences the level of involvement of nurses and the need for patient education to
perform their physiotherapy treatment. In Sweden, physiotherapists more often prescribe the
interventions and assist the patients to perform them, but the nurses are actively involved in
the treatment to further assist the patients. The patients often also perform their breathing

exercises on their own initiative.

A significant association was found between the type of chest injury and the development of
pulmonary complications. Atelectasis is a common complication following chest wall injury
[18] as are pneumonia and respiratory failure, especially in older adults [19]. This supports
the higher incidence of pulmonary complications in the Swedish cohort who predominantly
had blunt chest trauma.
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The Swedish patients were significantly more often referred to a physiotherapist for a clinical
follow-up after discharge. The reason is unknown, but that cohort of patients was older, had
more rib fractures, and also other trauma injuries and further rehabilitation may therefore be
needed because of these. Evidence suggests that those recovering from serious chest trauma
have chronic pain and limitations in muscle power, active range of motion of the shoulders
and trunk, and exercise capacity, which influences their health-related quality of life for up to
six months and in some cases more than one year following hospital discharge [20-22].
Neuropathic pain results in significantly poor health-related quality of life especially for those
with blunt chest trauma [23]. This underscores the importance of ongoing physiotherapy
management of patients’ neuromusculoskeletal impairments beyond hospital discharge, as

they recover from chest trauma.

Clinical care protocols implemented in the respective South African sites for the management
of chest trauma include intravenous analgesia, oxygen therapy, nebulisation therapy when
needed, mechanical ventilation if indicated, management of associated injuries and active
physiotherapy [24]. The uptake of active physiotherapy was demonstrated by the findings of
the South African centres, indicating alignment with the multidisciplinary care pathway
protocol in use at these centres. The beneficial effect of multidisciplinary care pathways in the
management of rib fractures as a means of reducing the risk of pulmonary complications e.g.,
pneumonia, was recently published [25]. Additionally, an international consensus paper
regarding recommendations for respiratory physiotherapy and physical rehabilitation in
patients with blunt chest wall trauma has recently become available for review to assist
clinicians with decision-making and treatment selection during clinical practice [26]. This
consensus paper emphasizes the importance of early physiotherapy interventions focused on
lung volume expansion and removal of retained secretions. Physiotherapists in the current
study used ACBT, deep breathing and active coughing in their patient management from day
1 of admission, which resonates with these recommendations [26]. The South African
physiotherapists mobilised most of their patients out of bed on day 1 after admission and
included upper limb range of motion exercises for rehabilitation. These interventions conform
to the expert consensus paper that states very early out of bed exercises and upper limb
exercises should form part of rehabilitation for patients with chest trauma without fractures to

the upper limbs [26].

There were only minor adverse events reported from the treatments in the current study.

Desaturation was reported in some patients and almost all cases occurred during the first day
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after the trauma. Dizziness and excessive pain were reported by some patients. There were no
reports of falls or pneumothorax. Even if this study was not large enough to fully explore
adverse events, the received message is that it seems to be safe when treatment is given
according to standard practice. However, the excessive pain may have influenced the
physiotherapy given and the patients” adherence to prescribed self-training which

subsequently may have had an impact on recovery.

Strengths and limitations

There are both strengths and limitations of this study. One strength is that data for both
cohorts were collected in government funded university-affiliated public hospitals in both
countries, thus reflecting the normal flow of patients. These two cohorts might however
reflect a more injured population compared to county hospitals in Sweden and regional
hospitals in South Africa where those with minor trauma are treated. The data was
prospectively collected to mirror the actual clinical practice at the participating sites but some
of the patients who fulfilled the inclusion criteria were never recruited due to logistical
reasons. Those patients may have been missed during screening of the respective wards
and/or not referred by the multidisciplinary team. In addition, the patients may already have
been active on the ward when screening took place and the need for physiotherapy
intervention was deemed not necessary. Another strength is that two different cohorts were
merged to give the opportunity to analyse subgroups for instance comparing physiotherapy

management following blunt and penetrating trauma.

There are also limitations to the study. The study cohorts were significantly different between
the countries. The patients in South Africa more often had penetrating trauma with different
outcomes than the Swedish patients. Therefore, additional analyses of the differences between
the type of injury were performed. The management of the patients in the six hospitals in the
two countries also varied and the accuracy of reported data may therefore be questioned. Data
regarding physiotherapy interventions was self-reported, which may have impacted the
objectivity. In two of the six participating hospitals no regular weekend physiotherapy service
was provided. The remaining four hospitals offered a limited physiotherapy service on
weekends. This led to limited or no screening for potential participants or inclusion to the
study during the weekends. In addition, no participant data was collected during the weekends
or service delivered. That patients arriving in the end of or during the weekend did not receive

the treatment the other patients received is a shortcoming and need to be addressed in future
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trials. Therefore, evaluations and treatments were neither optimally performed nor reported.
There was a large amount of missing data for distance mobilised and the use of active
coughing during physiotherapy sessions. Moreover, standards for defining/specifying
atelectasis and pneumonia might differ between the different settings and countries. All of the
above may limit the interpretation and generalisability of the findings. Finally, a limitation
was the inclusion period performed during the COVID-19 pandemic which may have had an

impact on patient recruitment and flow and care provided.

CONCLUSSION

This study shows that there are differences in physiotherapy practice between the two
countries of South Africa and Sweden. The results can partly be explained by the fact that the
cohorts differed, both regarding types and mechanisms of injuries and the age of the patients
in the two countries. In addition, this study shows international differences in methods, where
physiotherapy interventions begin earlier and more interventions with high intensity and

active movements are used by physiotherapists in South Africa.
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Figure 1. Flow-chart of the study
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Supplementary Table 1. Number of and content in physiotherapy treatments on day 3 after
chest trauma divided in the cohorts from South Africa and Sweden. N (%).

oNOYTULT D WN =

Day 3
South Africa Sweden p-value
n=123 n=136
Receiving PT n (%) 86 (69.9) 95 (69.0) 0.991
treatment Sessions | 1 0 21 (31.8) <0.001
perday |2 80 (100.0) 41(62.1) v
3 0 46.1) g
Not reg. 6 29 Ei ‘
Receiving no n (%) 37 (30.1) 41 (31.0) _§ |
<
PT treatment Reasons a
Admitted 0 0 0.991 i |
Surgery 1 6 % \
X-ray 1 0 «i ‘
Unstable 0 1 E
Weekend 16 16 % %1
Compliant to care 5 9 %‘%I\}
Refused 1 0 §§ :
No reason 13 9 gg’
Active Cycle of Breathing Technique 35 0 <0.001 %%
Deep Breathing Exercises 59 9 <0.001 géf
Cough 6 4 <0.010 2h
el
Breath Stacking 1 0 1.000 Q- -
Manual Chest Physiotherapy 2 0 0.499 §
Postural Drainage 0 0 n.a. E'
Body positioning for V/Q matching 1 2 0.608 g
Suction 1 0 0.457 g
Manual Hyperinflation 0 0 n.a. )
Ventilator Hyper Inflation 0 0 n.a. g |
Incentive Spirometry 0 9 0.004 g ‘
Mechanical Insufflation-Exsufflation 0 0 n.a. g ‘
Positive Expiratory Pressure 49 69 0.147 L
IPPB 0 0 na.
Inspiratory Muscle Training 0 0 n.a. ;
Shoulder ROM 19 2 <0.001 c

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 29 of 31

BMJ Open

Trunk ROM

0.108

Strength exercises

>0.999

Exercises in bed

<0.001

oNOYTULT D WN =

Mobilisation at least to bedside

76

0.012

10 Mobilisation to walking

71

0.096

Climbing stairs

<0.001

13 Cycling

47

<0.001

15 Any adverse event

<0.001

16 Adverse events* | Saturation drop

18 Disconnected

attachments

21 ICD malfunction

23 Falls

Dizziness

26 Severe pain

(=N
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Supplementary Table 2. Number of and content in physiotherapy treatments after chest trauma divided in

Mean (standard deviation) or n.
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trauma was blunt or penetrating.
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=
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«
)
Day 1 Day 2 % %1 EDay 3
Penetrating | Blunt p-value | Penetrating Blunt p-valueg 2 &Penetrating Blunt p-value
v S
n=148 n=171 n=134 n=162 T3 \én:l 10 n=149
—ao
Receiving n (%) 135(90.6) | 131 (77.2) | <0.001 109 (81.3) 114 (70.3) | 0.029 %a 579 (71.8) 102 (68.5) | 0.560
PT Sessions | 1 2 (1.6) 25(21.6) | <0.001 |4@4.1 13 (11.7) <0.001 ;'CED =4 (5.5) 17 (23.3) | <0.001
3 =
treatment perday |2 121 (96.0) | 88 (75.9) 92 (92.9) 93 (81.6) gg i69 (94.5) 52(71.2)
3 32.4) 32.6) 33.0) 5 (4.4) 5 E0 4(5.5)
2.m
Notreg |9 15 10 3 =L56 29
(Q .- -
Receiving | n (%) 13 (26.9) 40 (7.3) 25 (18.7) 48 (29.6) > B31(1.0) 47 (30.1)
- B
no PT Reasons 2 F
R
treatment Admitted 3 4 0.119 0 3 0.04 & -0 0 0.175
Q
Surgery 5 4 0 8 = £1 6
e B
X-ray 0 0 2 0 3 Bl 0
) o]
Unstable 0 7 1 4 = Fo 1
Weekend 3 13 14 16 = Bi5 17
o po
Compliant to care 0 3 8 11 S N7 7
> R
Refused 0 1 0 0 2Bl 0
No reason 2 8 0 6 c:E6 16
Specific breathing exercises é
g
=
«Q
£
=.
Qo
c
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o 3
© |
s 38
S ¥
Active Cycle of Breathing 63 17 <0.001 |43 11 <0.0012 829 6 <0.001
Qo
Technique R
Deep Breathing Exercises 79 38 <0.001 | 69 31 <0.001 E ;1;150 18 <0.001
Cough 46 24 0.003 |32 12 <0.0018 2E12 8 0.107
o P
Breath Stacking 3 4 0.679 |3 2 0.661 xSkl 0 0.429
@D
Manual Chest Physiotherapy 3 0 0.247 2 0 0.204 gg P10 2 0.508
—t 3
Postural Drainage 1 0 0.322 0 0 na. %2EO 0 n.a.
Body positioning for V/Q 0 3 0.119 0 2 0503 22 20 3 0.262
matching EE £
L >E
Suction 0 0 n.a 0 0 na. 2mgl 0 0.429
ER2)=3
Manual Hyperinflation 0 0 n.a. 0 0 na. @- §0 0 n.a.
L =
Ventilator Hyper Inflation 0 0 n.a. 0 0 na. = gO 0 n.a
O
Incentive Spirometry 2 9 0.033 4 9 0.395 g B2 7 0.307
[t B
Mechanical Insuftlation- 0 0 n.a 0 0 n.a '% =0 0 n.a
Exsufflation z g
3
Positive Expiratory Pressure 81 79 0.980 64 84 0.567 5 p47 71 0.271
IPPB 0 0 n.a. 0 0 n.a g £0 0 n.a
(D
Inspiratory Muscle Training 1 0 ~0.999 |0 0 na. o &0 0 na.
fle) \"
Other interventions _r;-,' N
Shoulder ROM 33 13 <0.001 |25 8 <0.001 =13 8 0.069
€«
Trunk ROM 3 5 0.329 5 4 0.736 52 3 >0.999
(D
Strength exercises 1 8 0.018 0 3 0.255 gO 1 >0.999
Exercises in bed 14 44 <0.001 |6 34 <0.001 §3 25 <0.001
©
=
Qo
c
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PT: Physiotherapy, ROM: Range of motion, IPPB: Intermittent Positive Pressure Breathing, V/Q: Ventil

events possible.

i

(2]

'salbo|

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

o =
BMJ Open s -(SD
S 3
S 9
s R
Mobilisation at least to bedside 111 92 0.002 95 87 0.057 2 073 79 0.646
o
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Cycling 62 7 <0.001 | 60 10 <0.00133 =42 5 <0.001
= DK
Adverse events S
o %’ =
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