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Aim: Pulmonary complications (PCs) are a major cause of poor prognosis in chest trauma. Evidence on the effectiveness of incentive
spirometry (IS) in trauma is scarce. This study investigated the effectiveness of IS in preventing PCs in patients with chest trauma with
rib fractures.

Methods: This retrospective observational study analyzed the data obtained from the electronic medical records of patients with
chest trauma with rib fractures admitted between 2011 and 2019. We included patients 18 years of age or older with risk of worsen-
ing respiratory failure. Early IS was the primary exposure and PCs (pulmonary infection or respiratory failure requiring escalating oxy-
gen therapy) were the primary outcomes. Secondary outcomes were length of hospital stay, duration of oxygenation therapy, and
adverse events of IS. Logistic regression analysis with a propensity score was used.

Results: We extracted 514 patients from the electronic medical records; 299 patients were included. The early IS group had a higher
proportion of hypoxemia at admission, opioid analgesia use, invasive positive pressure ventilation, and respiratory physiotherapy.
The severity of trauma was higher in the early IS group. There was no significant difference in the occurrence of the PCs between
groups (adjusted odds ratio 0.71; 95% confidence interval, 0.24–2.16). No statistical differences were seen in the secondary out-
comes.

Conclusion: For patients with chest trauma with rib fractures at risk of worsening respiratory failure, IS early after injury did not
reduce the rate of PCs. No adverse event of IS was observed and IS was shown to be safe.
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INTRODUCTION

CHEST TRAUMA ACCOUNTS for more than 15% of
trauma cases visiting the emergency department.1 The

incidence of chest trauma with rib fractures is increasing,
especially in older adults.2 The mortality rate from chest
trauma with rib fractures is estimated at approximately
10%,3 and pulmonary complications (PCs) are a major cause
of death.4 Recent studies suggest that internal fixation of rib
fractures and multimodal analgesia, including epidural anes-
thesia, are effective for preventing PCs.2 Applying these
procedures to all patients with chest trauma is impractical

because they are specialized and highly invasive techniques.
Thus, the clinical management strategy for preventing PCs
is a major clinical problem.

Incentive spirometry (IS) is a device that is used for respi-
ratory physiotherapy; designed to encourage patients to
achieve maximal inspiration by providing visual feedback,
IS is minimally invasive and inexpensive. Bartlett et al. first
reported that IS decreases postoperative PCs,5 and there are
many studies that have investigated the effect of IS, mainly
in a perioperative situation.6 Furthermore, IS is frequently
used for trauma patients,7 although few studies have exam-
ined its effectiveness in these populations.2 We hypothe-
sized that trauma patients often have more limitations with
regard to the implementation of rehabilitative strategies than
perioperative patients. Therefore, the importance of IS for
preventing PCs might be greater in trauma patients. With
due consideration to the feasibility and cost-effectiveness, IS
could be a promising treatment option in patients with chest
trauma with rib fractures.
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In this study, we aimed to verify the abovementioned
hypothesis. Therefore, we investigate the efficacy of IS in
preventing PCs in patients with chest trauma with rib frac-
tures.

MATERIALS AND METHODS

Study settings

WE OBTAINED DATA from the electronic medical
records of patients with chest trauma with rib frac-

tures admitted to Seirei Hamamatsu General Hospital
(Hamamatsu, Japan) between April 2011 and March 2019.
Specific International Classification of Diseases, Tenth Revi-
sion (ICD-10) codes were referenced (S22.2: Fracture of
sternum; S22.3: Fracture of rib; S22.4: Multiple fracture of
ribs; S27.2: Traumatic hemopneumothorax; and S27.3:
Other injuries of lung). Seirei Hamamatsu General Hospital
is an urban tertiary acute care and teaching hospital with 750
beds that treats more than 20,000 emergency patients and
has more than 200 inpatients admitted for trauma every
year.

Exposure variables

The patients were divided into two groups based on whether
they did (early IS group) or did not (non-early IS group)
receive IS early after the injury. Based on a previous study
that showed that the onset of pneumonia after chest trauma
is more common 3 days post-injury,4,8 the primary exposure
was specified as early IS (started within 3 days of hospital-
ization or within 3 days of withdrawal of mechanical venti-
lation). The cases in which mechanical ventilation was
started later than 24 h after admission and IS was started
after the withdrawal of mechanical ventilation were assigned
to the non-early IS group. We used InspireX (Japan Medi-
calnext, Osaka, Japan) for IS. Whether the patients receive
IS or not was determined from the physician’s orders in the
medical record. The start and discontinuation of IS and the
frequency of its use were decided individually by the physi-
cian. In principle, physicians order the IS with the frequency
(e.g., once in the morning, noon, and evening) and the num-
ber of inhalations (e.g., 10 or more times). Incentive spirom-
etry was initiated after the nurse or physiotherapist
explained its use to the patient and monitored its implemen-
tation as necessary.

Inclusion and exclusion criteria

We included adult patients (age ≥18 years) with chest
trauma with rib fractures who had at least one risk of

worsening respiratory failure (hypoxemia at admission, three
or more rib fractures, history of chronic respiratory disease,
and age ≥65 years) at the time of admission.4 We excluded
patients who did not have any rib fractures, and those with
altered mental status (the inability to follow instructions to
rehabilitative movements), facial injury, or respiratory mus-
cle paralysis due to cervical spinal cord injury.9 Moreover,
we excluded patients who did not have data on chest com-
puted tomography scanning.

The definition of the variables is as follows. Patients who
had oxygen saturation (SpO2) less than 92% with room air
or were given any supplemental oxygen therapy on admis-
sion were considered to have hypoxemia at admission. The
number of rib fractures was ascertained from chest com-
puted tomography images. Patients with a history of respira-
tory surgery, chronic obstructive pulmonary disease, or
interstitial lung disease were considered to have a history of
chronic respiratory disease.4,10

Outcome measures

The primary outcome measure was PC, defined as pul-
monary infection (cases in which antimicrobial treatment
was initiated based on the diagnosis of pneumonia or
pyothorax from the descriptions of medical records) or respi-
ratory failure requiring the escalation of oxygen therapy
(e.g., starting new oxygen therapy, or change from conven-
tional oxygen therapy to high-flow therapy or mechanical
ventilation). We included events that occurred after the
fourth day of hospitalization, or at the end of mechanical
ventilation if the mechanical ventilation was started within
24 h of admission. The secondary outcome measures were
length of hospital stay, duration of oxygenation therapy, and
adverse events of IS (e.g., exacerbation of pneumothorax or
worsening of pain).11 The above variables were determined
from the patients’ medical records.

Other variables

We calculated the propensity score (PS) for each individual
based on the following variables: age, sex, body mass index,
history of chronic respiratory or cardiac disease, hypoxemia
at admission, the Injury Severity Score,12 Abbreviated
Injury Scale (AIS) score12 for the chest and face, use of
mechanical ventilation (invasive and non-invasive positive
pressure ventilation), use of opioid analgesia, the number of
rib fractures, presence or absence of traumatic pneumotho-
rax and flail chest, tube thoracostomy placement, surgical
fixation of fractured ribs, smoking history, preadmission
anticoagulation therapy, or respiratory physiotherapy by
physiotherapists after admission. These variables were also
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used in the linear regression analysis for the secondary out-
comes.

Statistical analysis

We used Fisher’s exact test to compare the proportions of
binary variables, and the Mann–Whitney U-test to compare
the continuous variables. Statistical significance was defined
as P < 0.05. We used a logistic regression model to generate
the PS between the groups: early IS and non-early IS. We
undertook a logistic regression analysis with PS included as
a covariate to adjust for confounders about the primary out-
come. The secondary outcomes (length of hospital stay and
duration of oxygenation therapy) were validated using linear
regression analysis. All statistical analyses were carried out
by using EZR version 1.50 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan).13

RESULTS

Patient characteristics

DURING THE STUDY period, 514 patients were hospi-
talized for chest trauma, with or without trauma to

other body parts. A total of 299 patients were included in
the final analysis dataset after applying the inclusion and
exclusion criteria (Fig. 1).

Patients’ characteristics and outcomes are shown in
Table 1. The early IS group had a higher proportion of
patients with hypoxemia at admission, opioid analgesia use,
invasive positive pressure ventilation, and respiratory phys-
iotherapy. Moreover, the early IS groups had higher Injury
Severity Score, and AIS score for the chest injury (Table 1).
The duration of days from hospitalization to the start of IS in
each group is shown in Figure 2.

Primary and secondary outcomes

The primary outcomes are shown in Table 2. There was no
significant difference in the occurrence of PCs between
groups (adjusted odds ratio 0.71; 95% confidence interval
[CI], 0.24–2.16). Similar results were obtained in examining
the components of PCs (pulmonary infection or escalated
oxygen therapy) separately.

There was no significant difference in the secondary out-
comes by linear regression analysis, length of hospital stay
(beta coefficients �1.29; 95% CI, �7.78 to 5.19), or dura-
tion of oxygenation therapy (beta coefficients �0.22; 95%
CI, �1.95 to 2.38). No adverse events of IS (i.e., exacerba-
tion of pneumothorax or worsening of pain) were reported
in either group.

We undertook subgroup analyses that excluded cases with
trauma of AIS 3 or greater in any regions other than the

Fig. 1. Study inclusion flowchart. IS, incentive spirometry.
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chest, and excluded patients receiving mechanical ventila-
tion, but the results were the same.

DISCUSSION

TO THE BEST of our knowledge, this is the first study
to investigate the efficacy of IS for the prevention of

PCs in patients with chest trauma with rib fractures at risk of
worsening respiratory failure. In this retrospective study,
receiving IS early after the injury was not significantly asso-
ciated with a difference in PCs. Moreover, no adverse events
due to IS were observed.

Most of the previously reported studies on IS have inves-
tigated its efficacy in perioperative patients.6 The operative
procedures of the patients included in previous studies were
lung surgery,14,15 esophageal surgery,16 coronary artery
bypass grafting,17 abdominal surgery18,19 (including

laparoscopic surgery20), bariatric surgery for obese
patients,21 and brain surgery.22 Furthermore, there were
clinical trials that were undertaken in patients with
stroke,23 spinal cord injury,24 cystic fibrosis,25 and sickle
cell disease.26 Most of the previous studies, including
meta-analyses, in the perioperative setting did not show
any significant improvement in patient outcomes with
IS,17,18,27 whereas some studies indicated the effectiveness
of IS. A retrospective study that used population-based
data suggested that IS reduced hospitalization cost
(�$524.50 per patient) and the risk of pneumonia (odds
ratio 0.55) after video-assisted thoracic surgery for lung
cancer.15 Another prospective randomized trial suggested
that IS reduced PCs in patients with sickle cell disease by
36.8% (absolute risk reduction).28

Patients with chest trauma with rib fractures sometimes
presented with respiratory failure due to damage to the lung

Table 1. Comparison of clinical characteristics and outcomes in patients with chest trauma who received early incentive spirome-

try (IS) and those who did not receive early IS

Characteristic Early IS group

n = 76

Non-early IS group

n = 223

P-value

Age, years 66.0 (55.5, 78.3) 67.0 (52.5, 78.0) 0.7

Male gender 52 (68.4) 155 (69.5) 0.9

BMI, kg/m2 22.2 (19.7, 24.9) 21.8 (19.5, 23.3) 0.07

AIS (chest) 3.0 (3.0, 4.0) 3.0 (3.0, 3.0) 0.004

ISS 19.0 (11.8, 27.5) 13.0 (9.0, 18.0) <0.001
Hypoxemia at admission 63 (82.9) 107 (48.0) <0.001
Number of rib fractures 5.0 (3.0, 6.0) 4.0 (2.0, 6.0) 0.06

History of chronic respiratory disease 8 (10.5) 19 (8.5) 0.7

History of chronic cardiac disease 11 (14.5) 23 (10.3) 0.4

Smoking history 23 (30.3) 79 (35.4) 0.5

Anticoagulation therapy before admission 13 (17.1) 37 (16.7) 1

IPPV 17 (22.4) 15 (6.7) <0.001
NPPV 5 (6.6) 7 (3.1) 0.2

Opioids used for analgesia 22 (28.9) 22 (9.9) <0.001
Received IS during admission 76 (100.0) 14 (6.3) <0.001
Surgical fixation of fractured ribs 0 (0.0) 0 (0.0) 1

Flail chest 0 (0.0) 2 (0.9) 1

Pneumothorax 25 (32.9) 87 (39.2) 0.3

Tube thoracostomy or thoracentesis 25 (32.9) 70 (31.4) 0.9

Respiratory physiotherapy 28 (36.8) 26 (11.7) <0.001
Pulmonary complications 7 (9.2) 15 (6.7) 0.5

Pulmonary infection 6 (7.9) 13 (5.8) 0.6

Escalation of oxygen therapy 1 (1.3) 6 (2.7) 0.7

Hospital length of stay, days 22.5 (11.8, 41.0) 12.0 (7.0, 24.5) <0.001
Duration of oxygenation therapy, days 4.5 (2.0, 10.0) 1.0 (0.0, 3.0) <0.001
Adverse events of IS 0 (0.0) 0 (0.0) 1

Data are shown as n (%) or median (interquartile range).
AIS, Abbreviated Injury Scale; BMI, body mass index; IPPV, invasive positive pressure ventilation; ISS, injury severity score; NPPV, non-inva-

sive positive pressure ventilation.
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Fig. 2. Time from hospitalization to the start of incentive spirometry (IS) in patients with chest trauma. In the non-early IS group,

patients who did not receive IS were excluded. In the box plots, the boundary of the box closest to zero indicates the 25th percentile,

a thick black line within the box marks the median, and the boundary of the box farthest from zero indicates the 75th percentile. Whis-

kers above and below the box indicate the 10th and 90th percentiles. Points above the whiskers indicate outliers outside the 10th

and 90th percentiles. IQR, interquartile range.
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parenchyma or the thorax. Furthermore, PCs such as pneu-
monia developed in 13% of those patients29 and led to a
poor prognosis.2 Respiratory physiotherapy is important for
the prevention of PCs, although carrying out sufficient
physiotherapy is often more difficult in the acute post-injury
phase than it is in perioperative patients. Coexisting inju-
ries, such as fractures of the lower limbs or vertebral frac-
tures, and the difficulty in pain control restricts
rehabilitative interventions in trauma patients. Therefore,
patients with chest trauma with rib fractures were consid-
ered suitable to receive IS voluntarily, self-administered on
the bed. Few studies on IS have included trauma patients.2

A substudy of a prospective observational cohort of non-
hospitalized patients with chest trauma with at least one rib
fracture did not show any protective effect of IS against
PCs (e.g., hemothorax, atelectasis, and pneumonia).30 A
case report described the occurrence of secondary pneu-
mothorax after IS in a postoperative patient with chronic
obstructive pulmonary disease.11 However, IS is generally
considered to be safe. We did not find any study that
reported the adverse effects of IS in trauma patients.

The findings of this study suggest that patients with chest
trauma with rib fractures can safely use IS, although routine
IS treatment is not supported in these patients. We think the
underestimation of the effectiveness of IS is due to the study
limitations, and the difficulty in extracting a suitable group
from the highly diverse trauma population meant we were
unable to determine a definitive application of IS among
chest trauma patients at risk of PCs.

There are some limitations to this study. First, among
patients in the early IS group who started IS after withdrawal
of mechanical ventilation, several days elapsed between the
hospitalization and the start of IS. Although most patients in
the early IS group with extremely late IS initiation met the
outlier, the effect of IS might have been modified. Second,
we were unable to gather information on patient adherence

to IS or the use of a unified protocol for IS. Third, this study
was a retrospective observational study, and the treatment
allocation was based on physician-specific practices, with
randomized allocation. Additionally, the accuracy of the
variables was limited because they were defined based on
medical record descriptions. Fourth, this analysis was under-
powered due to a small sample size. Finally, the influence of
unmeasured confounding factors was unavoidable. These
methodological weaknesses could have influenced the impli-
cations of the results.

CONCLUSION

FOR PATIENTS WITH chest trauma with rib fractures
at risk of worsening respiratory failure, IS early after

injury did not reduce the incidence of PCs. No complica-
tions with IS were observed, and IS was shown to be a safe
intervention for patients with chest trauma. Our results do
not support routine use of IS for patients with chest trauma.
The preliminary results from this analysis need to be vali-
dated in prospective trials under a unified protocol for IS use
before application in the clinical setting.
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