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Abstract: Rib fractures occur in almost half of blunt chest wall trauma victims in Australia. They
are associated with a high rate of pulmonary complications, and consequently, with increased
discomfort, disability, morbidity, and mortality. This article summarises thoracic cage anatomy and
physiology, and chest wall trauma pathophysiology. Institutional clinical strategies and clinical
pathway “bundles of care” are usually available to reduce mortality and morbidity in patients with
chest wall injury. This article analyses multimodal clinical pathways and intervention strategies that
include surgical stabilisation of rib fractures (SSRF) in thoracic cage trauma patients with severe rib
fractures, including flail chest and simple multiple rib fractures. The management of thoracic cage
injury should include a multidisciplinary team approach with proper consideration of all potential
avenues and treatment modalities (including SSRF) to obtain the best patient outcomes. There is
good evidence for the positive prognostic role of SSRF as part of a “bundle of care” in the setting
of severe rib fractures such as ventilator-dependent patients and patients with flail chest. However,
the use of SSRF in flail chest treatment is uncommon worldwide, although early SSRF is standard
practice at our hospital for patients presenting with multiple rib fractures, flail chest, and/or severe
sternal fractures. Several studies report that SSRF in patients with multiple simple rib fractures lead
to positive patient outcomes, but these studies are mostly retrospective studies or small case–control
trials. Therefore, prospective studies and well-designed RCTs are needed to confirm the benefits of
SSRF in patients with multiple simple rib fractures, as well as in elderly chest trauma patients where
there is scant evidence for the clinical outcomes of SSRF intervention. When initial interventions for
severe chest trauma are unsatisfactory, SSRF must be considered taking into account the patient’s
individual circumstances, clinical background, and prognostic projections.

Keywords: chest trauma; flail chest; randomised control trial; rib fracture; surgical stabilisation of rib
fracture; thoracic cage; thoracic injury

1. Introduction
1.1. History of Rib Fractures and Surgical Stabilisation of Rib Fractures (SSRF)

The Greek physician Soranus first described the pathophysiology of rib fracture in the
early first century, but only in the 1940s and 1950s was surgical treatment first advocated [1].
However, this fell out of favour when intermittent positive pressure ventilation (IPPV)
became available to treat patients with respiratory failure due to severe rib fracture of
the flail segment and complications. The specifics of SSRF, its prognostic benefits, and its
impact on clinical progression (using a cohort of patients on mechanical ventilation) were
first published in the 1970s [2]. However, pulmonary physiology and the biomechanical
function of the chest wall were only much better understood during the 1980s [3]. Moreover,
the quality of appliances used in SSRF improved dramatically during the 1980s. Over the
last decade or so, multiple studies have indicated that SSRF as part of an official, organised,
multimodal pathway could improve the outcome for patients with severe rib fractures
and flail chests [4–6]. However, major centres are still reluctant to undertake SSRF for
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patients with flail chest and multiple rib fractures. Moreover, there is inadequate level I or
II evidence for SSRF in non-ventilator-dependent patients with simple rib fractures.

1.2. Anatomy of the Thoracic Cage and the Physiology of Breathing

It is important to understand the anatomy and physiology of the thoracic cage (rib
cage) and of its contents towards comprehending the pathophysiology of rib fractures. The
thoracic cage consists of a musculoskeletal framework that is held together by 12 thoracic
vertebrae [7]. They form the ribs that surround the thoracic cavities and attach to the
manubrium and sternum anteriorly [7]. The first seven ribs attach to the sternum by costal
cartilages and are known as true ribs [8]. The remaining ribs are known as false ribs, where
the 8th, 9th, and 10th ribs are connected to the 7th costal cartilage; and the 11th and 12th
ribs are free-floating ribs that end in the muscle wall [8]. The mediastinum and two pleural
cavities on each side separate the thoracic cavity into three anatomical compartments [9].
The heart and major vessels are contained in the mediastinum, whereas the lungs are
contained in the pleural cavities on either side [7]. The thoracic cage protects the lungs and
heart, and provides attachments for the muscles of the thorax, upper extremity, back, and
abdomen. The thoracic cage connects to the neck via the thoracic inlet, and the muscular
diaphragm separates it from the abdomen inferiorly [9].

The twelve ribs in the musculoskeletal chest wall function as a unit alongside the
diaphragm to facilitate ventilation [8]. During inspiration, the diaphragm contracts and the
intercostal muscles increase the intrathoracic volume. This lowers intrathoracic pressure
and permits passive airflow into the lungs [10]. During expiration, the diaphragm relaxes
and the intercostal muscles actively force air out of the lungs [10]. This coordinated lung
physiology is disrupted by injuries to the chest wall.

1.3. Pathophysiology of Thoracic Trauma Sequela

Thoracic trauma causes disruption to the chest wall, impacting respiration and/or cir-
culation, leading to death or increased morbidity. Rib fractures can compromise respiratory
function by direct pulmonary injury and/or by interfering with breathing mechanics. Direct
trauma to the lungs or central circulatory system can cause immediate life-threatening con-
ditions such as tension pneumothorax, cardiac tamponade, aortic injury, haemothorax, and
tracheobronchial disruption [11]. Moreover, thoracic injuries such as pulmonary contusions
and other lung injuries often lead to ventilation–perfusion mismatch and reduced lung
compliance, leading to hypoventilation/hypoxia requiring intubation, IPPV, and intensive
care unit (ICU) admission [10,12].

Rib fractures complicating trauma are common in Australia, occurring in 20% to
40% of blunt chest wall trauma patients [13]. Rib fractures are also associated with other
concomitant injuries, multiple complications, and poor outcomes [14]. Pain, atelectasis,
lobar collapse, pulmonary effusion, aspiration, pulmonary embolism, adult respiratory
distress syndrome, and pneumonia are some of the thoracic complications associated with
rib fractures [15].

In elderly patients with osteoporosis or brittle bones, rib fractures are associated with
relatively higher mortality and morbidity [16]. Patients with flail chest have increased risk
of other complications. Underlying lung injuries result in further contusion with pain and
splinting of the chest wall resulting in pneumonia and respiratory failure [12]. Therefore,
it is important to have a management plan/pathway for bad rib fractures and high-risk
populations; a plan/pathway that includes strategic pain control and surgical stabilisation
of rib fractures (SSRF).

Despite evidence and benefits, a surgical approach is still not widely utilised in major
metropolitan trauma centres in Australia. The aim of this paper is to review and evaluate
the pathophysiology of rib fractures and the outcome-based role of SSRF as part of an
institutional clinical plan/pathway.
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2. Materials and Methods

Extensive searches were conducted using PubMed, Google Scholar, and government
reports. Word searches were performed with relevant combinations of words such as chest
trauma, chest injury, flail chest, randomised control trial, observation study, retrospective
study, cross-sectional study, rib fracture; surgical stabilisation of rib fracture, thoracic
injury, video-assisted thoracoscopic surgery, and outcomes. From more than 70 references,
we identified ~32 papers that addressed management pathways for acute traumatic rib
fractures involving surgical stabilisation. References from publications resulting from these
sources (~6 papers) were also investigated for relevant data or information suitable for
our manuscript. Topically relevant general review articles were excluded. Original clinical
research, systematic reviews, and meta-analyses demonstrating statistical significance were
dissected further with reference to criteria and outcomes involving continuous positive
airway pressure (CPAP), bilevel positive airway pressure (BiPAP), chest injury activation
protocol (ChIP), high flow nasal prongs (HFNP), hospital length of stay (HLOS), ICU length
of stay (ILOS), intermittent positive pressure ventilation (IPPV), mechanical ventilator days
(MVDs). This honing approach resulted in ~36 publications that informed the evidence
behind our report.

Ethical approval was not required by our institution for this submission. How-
ever, in several (latter) parts of this paper, we include observations and preliminary con-
cepts/results from our use of SSRF in our trauma care practice at our hospital. Moreover,
we include information about ongoing clinical studies linked to the information presented
in this paper. Unfortunately, this paper does not have an adequate word count to fit into
a submission under the “review” category. Therefore, this paper has been processed as
a “brief report”.

This submission did not use the preferred reporting items for systematic reviews
and meta-analysis (PRISMA) as it was not relevant. However, it is evident that we
utilised a systematic approach for this submission. Moreover, we are currently preparing
a systematic PRISMA-guided systematic review covering evidence-based management for
elderly patients with rib fractures. This manuscript, which we expect to be submitted in
a few weeks’ time, may have an adequate word count to fit into the “review category” as
a systematic review.

3. A complete “Bundle of Care” for Rib Fractures

Complications such as pneumonia and respiratory failure are common when blunt
chest injuries are not treated promptly with adequate analgesics, physiotherapy, and
respiratory support [17]. These problems are often associated with a delayed recovery,
prolonged hospital length of stay (HLOS), mechanical ventilator days (MVD), ICU length of
stay (ILOS), increased mortality, chronic pain, pulmonary complications, reduced quality of
life, and increased absorption of limited public resources [17]. In adults over the age of 65,
rib fractures are the most common clinical fracture associated with mortality and morbidity.
Increased fractures (≥3), frailty, and age (≥65 years) are associated with increased hospital
mortality and morbidity [16].

Delayed and inadequate analgesia for chest trauma patients can lead to anorexia,
insomnia, stress, and limited mobility [18]. These promote inadequate breathing, coughing,
and activity engagement [18]. Patients often present with isolated blunt chest wall injury
from low-energy mechanisms such as falling from standing heights [19]. Unfortunately,
these patients do not satisfy trauma team activation criteria for receiving multidisciplinary
review. Curtis et al. set up a multidisciplinary review pathway called the chest injury
activation protocol (ChIP), which responds promptly to blunt chest injuries with incentive
spirometry, physiotherapy, oxygen via high flow nasal prongs (HFNP), and multimodal
analgesia including patient-controlled analgesia (PCA) [20]. In this pre–post cohort study,
the ChIP pathway was shown to reduce the incidence of pneumonia in patients with blunt
chest injuries [20].
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Several studies show standardised clinical pathways that streamline patients with
rib fractures and improves clinical outcomes for chest trauma patients. Sahr et al. set
up a “bundle of care”, which included early referral to trauma services [21]. This path-
way showed improved outcomes including shorter HLOS and ILOS [21]. Todd et al.
showed that the introduction of their clinical “bundle of care” decreased MVD, HLOS, in-
fectious morbidity, and mortality in high-risk trauma patients [22]. The Eastern Association
for the Surgery of Trauma and Trauma Anaesthesiology Society guidelines recommend
a multimodal approach to analgesia, including PCA and regional blocks [6]. When adequate
pain control is in place, early mobilisation, pulmonary hygiene, and early physiotherapy
intervention as part of an organised “bundle of care” improves the outcome for these
patients [6]. Therefore, a comprehensive, streamlined, and standardised institutional-
based multimodal pathway (“bundle of care”) improves outcomes for patients with rib
fractures [5].

4. The Role of Surgical Stabilisation of Rib Fractures (SSRF) in Management Pathways
for Chest Trauma with Rib Fractures

As part of these pathways or bundles of care, SSRF should also be considered. Early
SSRF (≤72 h) is now advocated in our hospital for patients meeting set criteria such as
multiple rib fractures, flail chest, trauma patients requiring video-assisted thoracoscopic
surgery (VATS), severe sternal fractures, and extubation failure. Unfortunately, the use
of SSRF in flail chest treatment is still uncommon worldwide. One study showed only
0.7% of 3467 adults with post-trauma flail chest undergoing SSRF at level 1 and 2 trauma
centres [23].

In the absence of flail chest in patients with multiple rib fractures, several papers report
the successful use of SSRF with positive clinical outcomes [24–27]. However, prospective
studies are conspicuously absent that can objectively prove this therapeutic modality as
authoritative in patients with multiple rib fractures.

5. Flail Chest and Its Management

Developing a flail chest from blunt trauma can be a life-threatening injury. A flail chest
is characterised by paradoxical motion of the flailing chest wall segment that results from
three or more successive rib fractures in two or more places. The considerable morbidity
and high mortality rate associated with flail chest varies between 20% and 30% [2]. Flail
chest also leads to chronic discomfort, disability, and loss of working days. The treatment for
flail chest differs depending on the severity of the injury, number of ribs involved and other
underlying comorbidities [28]. The usual management for flail chest is admission to ICU,
with strong analgesia, physiotherapy, respiratory toileting, and non-invasive respiratory
support such as HFNP, IPPV, continuous positive airway pressure (CPAP), and bilevel
positive airway pressure (BiPAP) in deteriorating patients [28,29].

6. The role of Surgical Stabilisation of Rib Fractures (SSRF) in Flail Chest Management

Current evidence suggests that conservative treatment alone may not guarantee
a positive outcome [12]. SSRF is becoming more popular. There have been multiple
randomised control trials (RCTs) and meta-analyses carried out on SSRF on flail chests [28].

A meta-analysis of pooled data from 11 studies showed SSRF to be beneficial in flail
chest patients resulting in shorter mechanical ventilator days (MVDs), hospital length of
stay (HLOS), ICU length of stay (ILOS), chest deformity, pneumonia incidence, septicaemia,
need for tracheostomy, and mortality [30]. A meta-analysis of nine studies showed SSRF
decreased MVDs, HLOS, ILOS, pneumonia incidence, need for tracheostomy, and mortality
in flail chest patients [15]. A 2019 RCT conducted by Liu et al. with 53 patients showed
that SSRF lowered pneumonia incidence, adult respiratory distress syndrome, thoracic
deformity, and pain [31]. In the same study, patients who underwent SSRF had shorter
MVDs and ILOS but no difference in HLOS [31]. A 2002 case–control study by Tanaka
et al. on 37 patients also showed that SSRF lowered MVD, ILOS, and other complication
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rates [32]. This study also revealed that conducting SSRF in flail chest patients improved
forced vital capacity (FVC), lung function, and cost-effectiveness; and ensured the quicker
return of patients to fulltime work [32]. A 2020 observational study by Wu et al. showed
that ventilator-dependent patients with acute respiratory failure after severe blunt chest
injury who underwent SSRF had shorter MVDs, HLOS, and pneumonia incidence [33].

A 2020 meta-analysis by Long et al. scanned 1917 articles and identified 7 eligible
RCTs, with a total of 538 multiple rib fracture patients for their analysis [4]. Out of this
large sample size of 538 patients, 260 underwent SSRF, and 278 underwent non-surgical
treatment [4]. A reduction in complications such as pneumonia, pain, and chest wall
deformity were evident in patients who underwent SSRF [4]. The utilization of SSRF also
reduced MVDs, ILOS, and unlike Liu et al., HLOS as well [4,31]. This study also showed
decreased medical expenses in patients who underwent SSRF [4].

Currently, SSRF for flail chest patients is recommended by the British National Institute
for Health and Clinical Excellence (NICE) and the American Eastern Association for the
Surgery of Trauma (EAST) to decrease MVDs, HLOS, ILOS, pneumonia incidence, and
mortality [34].

7. The Role of Surgical Stabilisation of Rib Fractures (SSRF) in Simple Rib
Fracture Management

Management approaches encompassing SSRF are also being evaluated for simple rib
fracture patients. The results of a multicentric RCT carried out in level 1 trauma centres
in metropolitan Australia were recently published by Marasco et al. [35]. Although the
study involved non-ventilator-dependent patients with multiple rib fractures, the design
of the study with a large double-crossover design makes the inconclusive nature of the
SSRF-related outcomes irrelevant.

In a 2019 cohort study paper involving non-ventilator-dependent patients with multi-
ple simple rib fractures, Lin, et al. showed that adding SSRF during VATS improves patient
outcomes such as better pain control, and decreased ILOS and HLOS [36]. In a 2012 paper,
Girsowicz et al. reviewed 356 papers and selected 9 retrospective and case–control stud-
ies that showed SSRF was safe in simple rib fractures, and improved patient outcomes
involving recovery time, pain management, respiratory function, and quality of life [26].
Studies by Nirula et al. (2006), Richardson et al. (2007), Campbell et al. (2009), and
Pieracci et al. (2022) have also shown that SSRF improves patient outcomes in the setting
of multiple simple rib fractures [24,25,27,37].

8. Strengths of, and New Information from Our Brief Report

We analysed current thoracic trauma management algorithms (“bundles of care”)
and evidence-based rib fracture therapy interventions (including SSRF), which focus on
pain control, injury seriousness, and the anatomical extent of involvement. There is good
evidence for the prognostic role of SSRF as part of a “bundle of care” in the setting of severe
rib fractures such as ventilator-dependent patients and patients with flail chest. At our
hospital, early SSRF (within 3 days) is recommended for patients with multiple rib fractures,
flail chest, severe sternal fractures, extubation failure, and trauma patients requiring VATS.

We showed that blunt chest wall trauma and rib fractures are common in the el-
derly, with its associated mortality and morbidity far higher in the elderly when com-
pared to that in younger patients [38]. Currently, the Gold Coast University Hospital is
planning a multicentre RCT involving elderly patients with blunt chest wall trauma and
rib fractures; and is recruiting investigators Australia-wide. Under current guidelines,
pneumonia and contaminated fields are contraindications to SSRF. However, we have
successfully conducted SSRF in several multi-trauma patients with contaminated wound
fields and pneumonia.
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9. Weaknesses and Research Gaps Identified in Our Brief Report

Although good quality evidence exists for the utility of SSRF in patients with severe rib
fractures and/or flail chest, we also reveal that SSRF use in flail chest treatment is minimal
(0.7%) worldwide in these clinical settings [23]. Although several papers report that the use
of SSRF in patients with multiple simple rib fractures leads to positive patient outcomes,
the evidence from these papers comes mostly from retrospective and case–control trials,
and better quality evidence is required to substantiate this approach [24–27].

Although blunt chest wall trauma and rib fractures are common in the elderly, and
their associated mortality and morbidity are far higher, evidence for the clinical outcomes
of SSRF in elderly rib fracture patients is sparse (anecdotal) or non-existent. This underlines
the necessity for conducting RCTs and prospective studies towards establishing evidence-
based guidelines to manage this frail group of patients.

Although we presented the first ever retrospective study on outcomes of SSRF in
multi-trauma patients with contaminated wound fields and positive sputum culture, our
monocentric study had a small sample size.

10. “Take-Home” Points from Our Brief Report

I. The clinical impact of thoracic trauma depends on the severity of the trauma, the
anatomical regions involved, and the age of patients.

II. When initial interventions are unsatisfactory, VATs and SSRF must be considered
considering the patient’s unique individual/holistic circumstances, clinical back-
ground, and prognostic expectations.

III. Trauma centres and other healthcare providers should have updated evidence-
based information about available management modalities. The best outcomes
for individual patients are accomplished by combining various treatment ap-
proaches and individualising them according to the patient’s holistic situation
and clinical condition.

IV. As part of rib fracture management pathways or “bundles of care”, early SSRF
must be considered.

V. Prospective studies and well-designed RCTs are required to confirm the benefits
of SSRF in multiple simple rib fractures and in elderly patients with any sort of
rib fracture(s).

VI. At our hospital, early SSRF is standard procedure for patients with multiple rib
fractures, flail chest, severe sternal fractures, extubation failure, and trauma patients
requiring VATS.

VII. In 2019, we presented the encouraging results of a small retrospective study on
SSRF outcomes in multi-trauma patients with contaminated wound fields and
positive sputum culture.

11. Conclusions

The standard management of thoracic injury includes a multidisciplinary team ap-
proach with proper consideration of all potential avenues and treatment modalities (in-
cluding SSRF) to give the best possible clinical outcome to the patient. Trauma centres
and other healthcare providers should have updated evidence-based information about
available management modalities. Multiple randomised control trials (RCTs) and meta-
analyses show SSRF to be beneficial in flail chest patients resulting in reduced mortality and
morbidity including shorter MVDs, HLOS, and ILOS; and a lower incidence of infections,
pneumonia, sepsis, and other complications. Prospective studies and well-designed RCTs
are badly needed to confirm the benefits of SSRF in multiple simple rib fractures and in
elderly patients with any sort of rib fracture. Such quality studies with good sample sizes
are also essential to evaluate the outcome of SSRF in patients diagnosed with pneumonia
or contaminated surgical fields.



Healthcare 2023, 11, 1064 7 of 8

Author Contributions: Conceptualization, S.S. and R.C.; methodology, S.S. and R.C.; software, S.S.
and R.C.; validation, S.S. and R.C.; formal analysis, S.S. and R.C.; investigation, S.S.; resources, S.S.
and R.C.; data curation, S.S. and R.C.; writing—original draft preparation, S.S.; writing—review and
editing, S.S. and R.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hurt, R. The History of Cardiothoracic Surgery: From Early Times; Taylor & Francis: Abingdon, UK, 1996.
2. París, F.; Tarazona, V.; Blasco, E.; Cantó, A.; Casillas, M.; Pastor, J.; París, M.; Montero, R. Surgical stabilization of traumatic flail

chest. Thorax 1975, 30, 521–527. [CrossRef]
3. Guernelli, N.; Bragaglia, R.B.; Briccoli, A.; Mastrorilli, M.; Vecchi, R. Technique for the management of anterior flail chest. Thorax

1979, 34, 247–248. [CrossRef] [PubMed]
4. Long, R.; Tian, J.; Wu, S.; Li, Y.; Yang, X.; Fei, J. Clinical efficacy of surgical versus conservative treatment for multiple rib fractures:

A meta-analysis of randomized controlled trials. Int. J. Surg. 2020, 83, 79–88. [CrossRef]
5. Witt, C.E.; Bulger, E.M. Comprehensive approach to the management of the patient with multiple rib fractures: A review and

introduction of a bundled rib fracture management protocol. Trauma Surg. Acute Care Open 2017, 2, e000064. [CrossRef] [PubMed]
6. Galvagno, S.M., Jr.; Smith, C.E.; Varon, A.J.; Hasenboehler, E.A.; Sultan, S.; Shaefer, G.; To, K.B.; Fox, A.D.; Alley, D.E.;

Ditillo, M.; et al. Pain management for blunt thoracic trauma: A joint practice management guideline from the Eastern Association
for the Surgery of Trauma and Trauma Anesthesiology Society. J. Trauma Acute Care Surg. 2016, 81, 936–951. [CrossRef] [PubMed]

7. Carrier, G.; Fréchette, E.; Ugalde, P.; Deslauriers, J. Correlative anatomy for the sternum and ribs, costovertebral angle, chest wall
muscles and intercostal spaces, thoracic outlet. Thorac. Surg. Clin. 2007, 17, 521–528. [CrossRef] [PubMed]

8. Graeber, G.M.; Nazim, M. The anatomy of the ribs and the sternum and their relationship to chest wall structure and function.
Thorac. Surg. Clin. 2007, 17, 473–489, vi. [CrossRef]

9. Collins, J.D.; Shaver, M.L.; Batra, P.; Brown, K. Anatomy of the thorax and shoulder girdle displayed by magnetic resonance
imaging. J. Natl. Med. Assoc. 1991, 83, 26–32.

10. Bigatello, L.; Pesenti, A. Respiratory Physiology for the Anesthesiologist. Anesthesiology 2019, 130, 1064–1077. [CrossRef]
11. Dennis, B.M.; Bellister, S.A.; Guillamondegui, O.D. Thoracic Trauma. Surg. Clin. N. Am. 2017, 97, 1047–1064. [CrossRef]
12. Pettiford, B.L.; Luketich, J.D.; Landreneau, R.J. The management of flail chest. Thorac Surg. Clin. 2007, 17, 25–33. [CrossRef]

[PubMed]
13. Lafferty, P.M.; Anavian, J.; Will, R.E.; Cole, P.A. Operative treatment of chest wall injuries: Indications, technique, and outcomes.

J. Bone Jt. Surgery. Am. Vol. 2011, 93, 97–110. [CrossRef] [PubMed]
14. Senekjian, L.; Nirula, R. Rib Fracture Fixation: Indications and Outcomes. Crit. Care Clin. 2017, 33, 153–165. [CrossRef]
15. Leinicke, J.A.; Elmore, L.; Freeman, B.D.; Colditz, G.A. Operative management of rib fractures in the setting of flail chest:

A systematic review and meta-analysis. Ann. Surg. 2013, 258, 914–921. [CrossRef] [PubMed]
16. Cooper, E.; Wake, E.; Cho, C.; Wullschleger, M.; Patel, B. Outcomes of rib fractures in the geriatric population: A 5-year

retrospective, single-institution, Australian study. ANZ J. Surg. 2021, 91, 1886–1892. [CrossRef] [PubMed]
17. Marasco, S.; Lee, G.; Summerhayes, R.; Fitzgerald, M.; Bailey, M. Quality of life after major trauma with multiple rib fractures.

Injury 2015, 46, 61–65. [CrossRef] [PubMed]
18. Rogers, F.B.; Larson, N.J.; Rhone, A.; Amaya, D.; Olson-Bullis, B.A.; Blondeau, B.X. Comprehensive Review of Current Pain

Management in Rib Fractures With Practical Guidelines for Clinicians. J. Intensive Care Med. 2023, 38, 8850666221148644.
[CrossRef] [PubMed]

19. May, L.; Hillermann, C.; Patil, S. Rib fracture management. BJA Educ. 2015, 16, 26–32. [CrossRef]
20. Curtis, K.; Asha, S.E.; Unsworth, A.; Lam, M.; Goldsmith, H.; Langcake, M.; Dwyer, D. ChIP: An early activation protocol

for isolated blunt chest injury improves outcomes, a retrospective cohort study. Australas. Emerg. Nurs. J. 2016, 19, 127–132.
[CrossRef]

21. Sahr, S.M.; Webb, M.L.; Renner, C.H.; Sokol, R.K.; Swegle, J.R. Implementation of a rib fracture triage protocol in elderly trauma
patients. J. Trauma Nurs. 2013, 20, 172–175; quiz 176–177. [CrossRef]

22. Todd, S.R.; McNally, M.M.; Holcomb, J.B.; Kozar, R.A.; Kao, L.S.; Gonzalez, E.A.; Cocanour, C.S.; Vercruysse, G.A.; Lygas, M.H.;
Brasseaux, B.K.; et al. A multidisciplinary clinical pathway decreases rib fracture-associated infectious morbidity and mortality in
high-risk trauma patients. Am. J. Surg. 2006, 192, 806–811. [CrossRef] [PubMed]

23. Dehghan, N.; de Mestral, C.; McKee, M.D.; Schemitsch, E.H.; Nathens, A. Flail chest injuries: A review of outcomes and treatment
practices from the National Trauma Data Bank. J. Trauma Acute Care Surg. 2014, 76, 462–468. [CrossRef]

http://doi.org/10.1136/thx.30.5.521
http://doi.org/10.1136/thx.34.2.247
http://www.ncbi.nlm.nih.gov/pubmed/483193
http://doi.org/10.1016/j.ijsu.2020.09.010
http://doi.org/10.1136/tsaco-2016-000064
http://www.ncbi.nlm.nih.gov/pubmed/29766081
http://doi.org/10.1097/TA.0000000000001209
http://www.ncbi.nlm.nih.gov/pubmed/27533913
http://doi.org/10.1016/j.thorsurg.2007.04.003
http://www.ncbi.nlm.nih.gov/pubmed/18271166
http://doi.org/10.1016/j.thorsurg.2006.12.010
http://doi.org/10.1097/ALN.0000000000002666
http://doi.org/10.1016/j.suc.2017.06.009
http://doi.org/10.1016/j.thorsurg.2007.02.005
http://www.ncbi.nlm.nih.gov/pubmed/17650694
http://doi.org/10.2106/JBJS.I.00696
http://www.ncbi.nlm.nih.gov/pubmed/21209274
http://doi.org/10.1016/j.ccc.2016.08.009
http://doi.org/10.1097/SLA.0b013e3182895bb0
http://www.ncbi.nlm.nih.gov/pubmed/23511840
http://doi.org/10.1111/ans.17064
http://www.ncbi.nlm.nih.gov/pubmed/34268852
http://doi.org/10.1016/j.injury.2014.06.014
http://www.ncbi.nlm.nih.gov/pubmed/25069400
http://doi.org/10.1177/08850666221148644
http://www.ncbi.nlm.nih.gov/pubmed/36600614
http://doi.org/10.1093/bjaceaccp/mkv011
http://doi.org/10.1016/j.aenj.2016.06.002
http://doi.org/10.1097/JTN.0000000000000008
http://doi.org/10.1016/j.amjsurg.2006.08.048
http://www.ncbi.nlm.nih.gov/pubmed/17161098
http://doi.org/10.1097/TA.0000000000000086


Healthcare 2023, 11, 1064 8 of 8

24. Richardson, J.D.; Franklin, G.A.; Heffley, S.; Seligson, D. Operative fixation of chest wall fractures: An underused procedure? Am.
Surg. 2007, 73, 591–596; discussion 596–597. [CrossRef]

25. Nirula, R.; Allen, B.; Layman, R.; Falimirski, M.E.; Somberg, L.B. Rib fracture stabilization in patients sustaining blunt chest injury.
Am. Surg. 2006, 72, 307–309. [CrossRef] [PubMed]

26. Girsowicz, E.; Falcoz, P.E.; Santelmo, N.; Massard, G. Does surgical stabilization improve outcomes in patients with isolated
multiple distracted and painful non-flail rib fractures? Interact. Cardiovasc. Thorac. Surg. 2012, 14, 312–315. [CrossRef] [PubMed]

27. Campbell, N.; Conaglen, P.; Martin, K.; Antippa, P. Surgical stabilization of rib fractures using Inion OTPS wraps–techniques and
quality of life follow-up. J. Trauma 2009, 67, 596–601. [CrossRef]

28. Ingoe, H.M.; Coleman, E.; Eardley, W.; Rangan, A.; Hewitt, C.; McDaid, C. Systematic review of systematic reviews for
effectiveness of internal fixation for flail chest and rib fractures in adults. BMJ Open 2019, 9, e023444. [CrossRef]

29. Wijffels, M.M.E.; Hagenaars, T.; Latifi, D.; Van Lieshout, E.M.M.; Verhofstad, M.H.J. Early results after operatively versus
non-operatively treated flail chest: A retrospective study focusing on outcome and complications. Eur. J. Trauma Emerg. Surg.
2020, 46, 539–547. [CrossRef]

30. Slobogean, G.P.; MacPherson, C.A.; Sun, T.; Pelletier, M.E.; Hameed, S.M. Surgical fixation vs nonoperative management of flail
chest: A meta-analysis. J. Am. Coll. Surg. 2013, 216, 302-311.e301. [CrossRef]

31. Liu, T.; Liu, P.; Chen, J.; Xie, J.; Yang, F.; Liao, Y. A Randomized Controlled Trial of Surgical Rib Fixation in Polytrauma Patients
With Flail Chest. J. Surg. Res. 2019, 242, 223–230. [CrossRef]

32. Tanaka, H.; Yukioka, T.; Yamaguti, Y.; Shimizu, S.; Goto, H.; Matsuda, H.; Shimazaki, S. Surgical stabilization of internal
pneumatic stabilization? A prospective randomized study of management of severe flail chest patients. J. Trauma 2002,
52, 727–732; discussion 732. [CrossRef]

33. Wu, T.H.; Lin, H.L.; Chou, Y.P.; Huang, F.D.; Huang, W.Y.; Tarng, Y.W. Facilitating ventilator weaning through rib fixation
combined with video-assisted thoracoscopic surgery in severe blunt chest injury with acute respiratory failure. Crit. Care 2020,
24, 49. [CrossRef]

34. Kasotakis, G.; Hasenboehler, E.A.; Streib, E.W.; Patel, N.; Patel, M.B.; Alarcon, L.; Bosarge, P.L.; Love, J.; Haut, E.R.; Como, J.J.
Operative fixation of rib fractures after blunt trauma: A practice management guideline from the Eastern Association for the
Surgery of Trauma. J. Trauma Acute Care Surg. 2017, 82, 618–626. [CrossRef] [PubMed]

35. Marasco, S.F.; Balogh, Z.J.; Wullschleger, M.E.; Hsu, J.; Patel, B.; Fitzgerald, M.; Martin, K.; Summerhayes, R.; Bailey, M. Rib
fixation in non-ventilator-dependent chest wall injuries: A prospective randomized trial. J. Trauma Acute Care Surg. 2022,
92, 1047–1053. [CrossRef] [PubMed]

36. Lin, H.L.; Tarng, Y.W.; Wu, T.H.; Huang, F.D.; Huang, W.Y.; Chou, Y.P. The advantages of adding rib fixations during VATS
for retained hemothorax in serious blunt chest trauma—A prospective cohort study. Int. J. Surg. 2019, 65, 13–18. [CrossRef]
[PubMed]

37. Pieracci, F.M.; Leasia, K.; Bauman, Z.; Eriksson, E.A.; Lottenberg, L.; Majercik, S.; Powell, L.; Sarani, B.; Semon, G.;
Thomas, B.; et al. A multicenter, prospective, controlled clinical trial of surgical stabilization of rib fractures in patients with
severe, nonflail fracture patterns (Chest Wall Injury Society NONFLAIL). J. Trauma Acute Care Surg. 2020, 88, 249–257. [CrossRef]
[PubMed]

38. Bulger, E.M.; Arneson, M.A.; Mock, C.N.; Jurkovich, G.J. Rib fractures in the elderly. J. Trauma 2000, 48, 1040–1046; discussion
1046–1047. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1177/000313480707300611
http://doi.org/10.1177/000313480607200405
http://www.ncbi.nlm.nih.gov/pubmed/16676852
http://doi.org/10.1093/icvts/ivr028
http://www.ncbi.nlm.nih.gov/pubmed/22190569
http://doi.org/10.1097/TA.0b013e3181ad8cb7
http://doi.org/10.1136/bmjopen-2018-023444
http://doi.org/10.1007/s00068-018-0961-4
http://doi.org/10.1016/j.jamcollsurg.2012.10.010
http://doi.org/10.1016/j.jss.2019.04.005
http://doi.org/10.1097/00005373-200204000-00020
http://doi.org/10.1186/s13054-020-2755-4
http://doi.org/10.1097/TA.0000000000001350
http://www.ncbi.nlm.nih.gov/pubmed/28030502
http://doi.org/10.1097/TA.0000000000003549
http://www.ncbi.nlm.nih.gov/pubmed/35081599
http://doi.org/10.1016/j.ijsu.2019.02.022
http://www.ncbi.nlm.nih.gov/pubmed/30878761
http://doi.org/10.1097/TA.0000000000002559
http://www.ncbi.nlm.nih.gov/pubmed/31804414
http://doi.org/10.1097/00005373-200006000-00007

	Introduction 
	History of Rib Fractures and Surgical Stabilisation of Rib Fractures (SSRF) 
	Anatomy of the Thoracic Cage and the Physiology of Breathing 
	Pathophysiology of Thoracic Trauma Sequela 

	Materials and Methods 
	A complete “Bundle of Care” for Rib Fractures 
	The Role of Surgical Stabilisation of Rib Fractures (SSRF) in Management Pathways for Chest Trauma with Rib Fractures 
	Flail Chest and Its Management 
	The role of Surgical Stabilisation of Rib Fractures (SSRF) in Flail Chest Management 
	The Role of Surgical Stabilisation of Rib Fractures (SSRF) in Simple RibFracture Management 
	Strengths of, and New Information from Our Brief Report 
	Weaknesses and Research Gaps Identified in Our Brief Report 
	“Take-Home” Points from Our Brief Report 
	Conclusions 
	References

