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Abstract
Objective: Objective

Severity of chest wall trauma, commonly defined by the number
of fractured ribs, fails to provide adequate definition of injuries.
We describe an anatomical classification of flail chest and
evaluate its predictive in comparison numerical and Injury Score
characterisation.

Methods

Between September 2014 and December 2019, 156 (12.0%) of
patients with major thoracic trauma, aged 57.6 years (SD 15.5) and
109 (69.9%) male, underwent surgical treatment chest wall injuries.
We classified injuries according to our institutional classification of
flail chest patterns, Types A — D or non-flail, to describe regional
patterns of injury. The capacity to predict clinical outcome was
compared to Abbreviated Injury Scores and the New Injury Severity
Score.

Results

Flail chest constituted 77.3% of the population, Types A, B, C and
D 19.5%, 26.6%, 24.7% 6.5% respectively. Road traffic collision
(RTC) was the mechanism of injury in 71 (46.7%) and primarily
caused types A and D injuries, whilst Falls caused 62 (40.8%) of
injuries, primarily types B and C, p<0.001. The severity of chest
wall injury was not distinguished by Abbreviated injury scores AIS
Chest or AIS Rib. Type A flail chest was however associated with
most severe total injuries and had greatest demand for ventilation
and critical care, p < 0.01. The mortality of the population following
treatment was 6 (3.85%).

Conclusion

The classification delineates patterns of major chest wall injury
that reflect the patho-physiology of major chest wall trauma. The
classification provides a structure by which surgical treatment
may be planned. We commend the utility of the classification to
management of major chest wall trauma.
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Introduction

Thoracic injuries are the most severe of injuries, contributing to 57.5%
of deaths following poly-trauma. Rib fractures have been identified
in 93% of those seriously or fatally injured in vehicle collisions [1].
It is unarguable that mechanisms of trauma define the patterns and
severity of chest wall injury, yet current clinical practices do not
utilise anatomical classification to define patterns of injury. Clinical
attention focusses on quantifying the number of ribs fractured, greater
than six in number, indicating elevated demand for critical care and
mortality expectation in excess of 30% [2 - 4]. Yet this descriptor does
not account for injuries to the whole chest wall and does not provide
description of patterns of injury.

Early in the twentieth century the importance of anatomical
description of chest wall injuries and the relationship to outcome was
documented. In 1940’s injury causing a “stove-in chest”, was reported
to be associated with shock, compromised ventilation and cardiac
function [5 - 7]. The term “Flail Chest” coined later in 1955 was used
in conjunction with description three patterns of injury of disrupted
chest wall structure, anterior and lateral and postero-lateral [8 - 10].
In recent years we have disregarded these apposite definitions and as a
result may fail to provide holistic management of complex chest wall
injuries [2, 3].

Since developing a chest wall reconstruction service at our institute
that was designated one of 22 Major Trauma Centres in the United
Kingdom in 2012, we found numerical description of rib fractures
provided inadequate quality of distinction of injury characteristics [11].
It provided little prognostic value or structure to plan surgical strategy.
We therefore developed, or more correctly rediscovered a classification
of flail chest that has aided our assessment and management of chest
wall injuries. We have evaluated this classification and provide this
report to highlight the importance of anatomical classification of chest
trauma.

Patients and Methods:

The University Hospital of North Midlands NHS Trust (UHNM) was
designated a Major Trauma Centre (MTC) by the United Kingdom
Government in 2012 and chest wall reconstruction (CWR) introduced
in 2014 [11]. We have retrospectively analysed the patterns of chest
wall injury of patients treated with chest wall reconstruction up to
December 2019.

All patients were admitted to this institute as part of the major trauma
protocol. Demographic and clinical data related to assessment,
investigation and management were recorded prospectively on the
national Trauma Audit Research Network (TARN) [12] by trained
analysts. Patients included in this study were those with major thoracic
trauma identified by the descriptor Abbreviated Injury Scale (AIS)
score for chest, AIS Chest >3, and who had received treatment of chest
wall injuries. Patient Data was cross checked with the departmental

)

SciTechnaol
U international Publisher of Science,  +
Technology and Medicine  ;

All articles published in Journal of Trauma and Rehabilitation are the property of SciTechnol, and is protected by copyright
laws. Copyright © 2021, SciTechnol, All Rights Reserved.



Volume 4 Issue 1

database. The Abbreviated Injury Score (AIS), score 0 - 6, documented
regional injury and New Injury Severity Score (NISS), scores 1-75,
were derived from evaluation of total injury [12].

Between September 2014 and December 2019, of 1296 patients
recorded with major chest wall injuries, 156 (12.0%) with a mean
age 57.6 years, (SD, 15.5, range 19 - 89), and 109 (69.9%) male,
underwent CWR. Two patients were excluded from statistical analysis
due to inadequate data. Patients were primarily assessed by a general
multi-disciplinary trauma team, and investigation protocol included
whole body CT scan. Secondary referral to the Thoracic Surgical
Trauma team for management of thoracic injuries was performed
after relevant triage and resuscitation. Patients considered for surgical
intervention underwent 3D reconstruction CT scan imaging and
clinical assessment of cardiorespiratory status. Patients treated by
reconstruction of chest wall injuries (CWR) underwent retrospective
evaluation of clinical records and radiology, to characterise chest wall
injuries and provide comparative analysis.

Definition of flail chest.

During evolution of our thoracic trauma service and management of
flail chest we realised a need to redefine the term “Flail Chest”. This
in turn required use of the comprehensive definition of the chest
wall: The chest wall, a single cylinder, is constituted of ribs and costal
cartilages united anteriorly by the sternum and posteriorly by the
vertebral column, and joined by the clavicles [13]. A “flail segment” is
a vertical series of fractures, situated parallel or diagonally in any part
the cylinder, that allow a segment of the chest wall cylinder to move
independently.

Diagnosis of a flail chest requires both radiological assessment and
clinical examination. Clinical evaluation is designed to identify
characteristics of a flail chest which include severity of pain on
respiration, depression of the chest wall contour, paradoxical
movement of the region, and compromised cardio-respiratory status.
Four patterns of flail segment are described, types A — D. Depressed
non-mobile segments causing significant distortion of the chest wall
contour that were non-flail chest wall injuries also required CWR.

The following are descriptions of radiological characteristics of flail
Types A - D, Figure 1:

Figure 1: Classification of the flail chest describing four patterns of injury
that affect the “Chest Wall Cylinder”.

Type A - Anterior flail segment; Transverse, oblique or comminuted
fracture of sternum, associated with bilateral rib and costal cartilage
fractures, and clavicular fracture. This pattern of injury is commonly
caused by seat belt restraint, and less frequently the impact of the
chest against the steering wheel following a road traffic collision. The
orientation of injuries is often an oblique line of fractures that extends
from a clavicle and includes ipsilateral ribs and costal cartilages, the
manubrium or body of sternum, and contralateral costal cartilages
and rib fractures extending from the second rib down to the costal
margin. Care is required during examination to identify fractures of
costal cartilages, as these may be missed.

The anterior central component of the chest is flail, moving
paradoxically during respiration. Furthermore, respiration is
compromised due to the inability of diaphragmatic attachments
to sternum and ribs to provide traction during respiration (5, 6).
Secondary injuries are caused by traction from the lower end of the
seat belt and include, rupture of the diaphragm, liver and spleen.

Type B - Lateral flail segment; Sequential parallel fractures are situated
unilaterally. They may extend from the clavicle and first rib down to
the costal margin. Fractures may be situated within costal cartilages
or medial bony end of ribs, the former being difficult to identify on
CT scan. The lateral fractured ribs of the flail segment may extend as
far lateral as the posterior axillary line. This flail, situated deep to the
pectoralis muscles is commonly caused by direct impact; falls from
low to medium to heights and in the elderly.

Type C - Postero-lateral flail segment; A pattern of fractures primarily
caused by direct high velocity impact, such as motorbike accidents
and falls from heights, causing compression fractures by impact of the
scapular on the rib cage. Ribs are commonly fractured outside the
margins of the scapula forming a V-shaped flail segment. Fractures
anterior to the scapula, are situated on the posterior margin of the
axilla. Posterior fractures most commonly follow a vertical line 1 — 2
cm lateral and parallel to the costo-transverse joint and may extend
from rib one to rib ten. The scapula itself may be fractured, and
is often comminuted. Secondary injuries are a result of the high-
speed mechanism of injury, including transection of aorta, vertebral
fractures, clavicular fractures and extra-thoracic injuries.

Type D - Posterior flail segment; An uncommon pattern of injury
resultant of major compression of falling heavy objects and high-speed
road traffic collisions. The epicentre of the injury pattern is an unstable
thoracic vertebral column associated with bilateral rib fractures, the
latter situated equidistant from the vertebra. The primary vertebral
injuries demand neurosurgical attention, however due to concomitant
instability of the rib fractures, thoracic surgical intervention may be
required.

Statistical Analysis

Data obtained by retrospective evaluation of clinical and radiological
characterisation were compared to demographic and injury
stratification data recorded on the TARN database. Analysis used
StataCorp, 2011. Release 12. College Station, Tx: StataCorp LP
statistical software. Comparison of categorical and continuous data
was achieved by use of Chi Square test and Student’s t-Test respectively.
Statistical significance was considered p <0.05. Ethical approval was
sought from the Ethical Committee of the University Hospital of
North Midlands, and provided as the study constiuted an evaluation
of clinical practice.
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Results:

The distribution of flail types were evenly distributed between Types
A - C and non-flail groups, type D occurring less frequently, Table 1.
Demographic characteristics of Flail pattern types were similar, 84.6%
of injuries were caused by Road Traffic Collisions (RTCs) and falls.
RTCs was responsible for the majority of Type A and D flail patterns,
Table 2. Type B flail patterns were caused equally by RTCs and Falls, as
were non-Flail patterns.

Table 1: Showing the incidence of chest wall injuries according to the
classification of fail chest.

Classhention Incidence Percent (%)
Type A 30 19.48
Type B 41 26.62
Type C 38 24.68
Type D 10 6.49
Non-Flail 35 22.73

Fracture of elements of the thoracic cylinder, other than ribs, showed
a statistical relationship to injury pattern. Type A had a 73.3%
incidence of sternal fractures, and Type D 90% incidence of vertebral
injuries, p<0.001, Rupture of the diaphragm was an infrequent injury,
identified in 4 (8.9%) and 2 (6.5%) following RTC and falls respectively
and predominated in Types A-C flail chest.

Table 2: Showing the mechanisms of injury responsible for each group

of chest wall injuries. Percentage values are the proportion of the injury

types. Comparison of frequencies demonstrated that the patterns
showed a relationship to mechanism of injury, Chi square p <0.001.

Injury Pattern Mechanism of Injury

Flail Type; RTC Fall Blunt Trauma Crush

n (%) n=71(46.7%) n =62 (40.8%) n=11(7.2%) n=8(5.3%)
A 24 (80%) 3(10.0%.) 1(3.3%) 2 (6.7%)

B 17 (41.5%) 20 (48.7%) 1(2.4%) 3 (7.3%)

C 8 (22.9%) 21 (58.3 %) 5(14.3%) 1(24.4%)
D 7 (70%) 2 (20%) 0 1(10%)
Non-Flail 14 (40.0%) 16 (45.7%) 4 (11.4%) 1(2.9%)

AIS scores, AIS Chest and AIS Rib, were not found to be different
across flail types, yet Type A and Type D exhibited the highest NISS
scores, Type A had greatest number of rib fractures and Types C and
Non-Flail, the lowest numbers, P<0.001. The incidence of polytrauma
recorded in injury subtypes and compared with the population was
found to be greater when Type A injuries were recorded, p = 0.022, .
Comparison of the incidence of extra-abdominal injuries showed no
significant differences between patients of the Flail Types and non-
Flail groups, except for vertebral injury that had a preponderance in
type D, p <0.001,

Types A required the longest period of mechanical ventilation,
treatment in the Critical Care Unit and treatment in hospital, p <
0.001, whilst patients with non-flail injuries required significantly
reduced investment of intensive treatments, The mortality of the study
population was 6 (3.85%).

Comment

Patients who have suffered major thoracic trauma experience increased
demand for intensive care treatments and exhibit increased mortality
that is related to severity of injury. Of patients aged between 18 — 50
years and aged over 60 years, mortality was 30% and 76% respectively,
was attributable to thoracic injuries [2]. Severity of chest wall trauma
is most commonly assessed by number of fractured ribs, more than
8 ribs fractured demonstrating increased mortality [3]. Furthermore,

the number of fractured ribs is utilised to define characteristics of
the injury severity score, where ISS > 30 being is associated with a
mortality in excess of 40%, [14, 15]. Yet there remains debate as to
the merit of CWR in management of thoracic trauma, a fact that we
propose is related to inadequate characterisation of chest wall injuries.

Sillar and Proctor, in an era before mechanical ventilation, documented
that there was differential mortality related to different patterns of chest
wall injury [9, 10]. Anterior flail chest injury, commonly caused by
motor vehicle accidents was associated with an untreated mortality of
85%. The cause, severe respiratory distress, resulted from paradoxical
movement of the flail segment and diaphragmatic dysfunction. The
latter was attributed to loss of a rigid anterior chest wall to which the
diaphragm was attached causing ineffective contraction. The impact
on cardiovascular function of flail segments was also recognised as
contributory to mortality associated with these injuries. Surgical
treatment of anterior flail segments was reported to reduced mortality
by 75% [9].

Current medical literature fails to discriminate anatomical patterns of
chest wall injury. There is common focus on the numerical extent of
rib trauma and assumption that flail chest is determined by parallel
fracture of regions of the rib structure [4, 14 — 16]. Other than early
reports, literature does not consider the chest wall a single structure
unified by component parts, that when disrupted in any part of the
circumference causes a flail segment. There is therefore limited
consideration of anatomical subtypes of chest wall injury.

We sought to emphasise of the importance of considering the
chest wall as integrated structure, a cylinder. Various parts of that
cylinder, have differing structures and functions, and therefore cause
differential pathophysiological effects when subjected to trauma.
We have undertaken evaluation of the utility of an anatomical
classification of flail chest. The results demonstrated, not surprisingly,
that chest wall injury patterns described by the classification bore
regional relationship to mechanisms of trauma, severity of injury and
to outcome. Most notable was Type A, that was distinguished by a
close relationship to RTC as the mechanism of trauma, the greatest
number of fractured ribs, demand for ventilation and care in the
critical care unit. By contrast non-flail chest wall injuries, which
despite having a large number of fractured ribs, exhibited reduced
respiratory compromise and demand for critical care. The differences
between groups were not however distinguished by AIS Chest or AIS
Rib subclasses of the internationally recognised NISS scoring system.

Determination of accurate anatomical description remains the essence
of surgical practice, the core principle upon which this classification
was founded. Treatment of Type A flail has required bilateral rib/
costal cartilage and sternal fixation through subpectoral incisions,
and clavicular fixation by orthopaedic surgeons. Treatment of Type B
flail required access to cartilaginous and bony factures by elevation of
the pectoralis major. Type C flail have required dual incision to access
the paravertebral rib fractures and anterior fractures situated along
the posterior axillary line. Treatment of Type D flail, has exemplified
treatment of chest trauma in the setting of poly-trauma and a
collaborative approach to surgical treatment.

The study has demonstrated that despite a high NISS value of the
population treated by CWR, comprehensive operative treatment has
resulted in a low hospital mortality. This statistic, <4% mortality,
was significantly below estimated mortality statistics of >11% and
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>34% when 6 and 8 ribs were fractured respectively [3, 4, 14]. It
was also below an estimated mortality of 20% determined by values
of NISS > 30. Our mortality statistic however consistent with other
reports of surgical treatment of flail chest, [17, 18]. Whilst the study
is a retrospective descriptive analysis without a comparative non-
treatment population, we believe the findings support the premise
that a comprehensive understanding of the patterns of injury has
facilitated successful surgical strategy and excellent outcome.

Conclusion

We have undertaken retrospective analysis of an anatomical
classification of chest all injuries that defines flail injuries of the
chest wall. This study demonstrated that the classification delineates
injury patterns and the Types A-D corresponds to differing
pathophysiological patterns and related to clinical outcomes. We
would recommend the classification is used in clinical practice and
also receives further evaluation. We recommend that future studies,
that seek to evaluate treatment methods and outcomes of chest wall
trauma, should classify injuries anatomically. We commend the
current classification for these purposes.
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