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SUMMARY

INTRODUCTION: Surgical stabilization of flail chest and
other unstable injuries of the thoracic wall is a relatively
new treatment procedure. The indications for rib osteo-
synthesis include, apart from flail chest fractures of at
least three ribs, also a defect or chest wall deformities,
dislocated rib fractures with injury of the lungs, open
rib fractures, impaired fracture healing and stabilization
of fractures in patients with emergency thoracotomy
performed due to blunt and penetrating chest injuries.
The aim of this article is to present an overview of deve-
lopment of plate stabilization of the chest wall, and to
inform the reader about the current trends in indications
and timing of this procedure.

MATERIAL AND RESULTS: The historical summary of
chest wall stabilization using plate fixation also men-

INTRODUCTION

Blunt chest injuries with multiple rib fractures often
occur as a part of polytrauma and compound injuries.
They most frequently originate as a consequence of
traffic accidents or falls, and represent 25% of all trau-
ma-related deaths. The number of complications, mor-
bidity and mortality associated with chest wall injuries
increases in parallel with age [29], the number of fractu-
red ribs, and the presence of flail chest [6]. Rib fractures
are observed in up to 39% of patients with blunt chest
trauma. [9].

A flail chest is characterized by the presence of at least
two fracture lines of at least three neighbouring ribs, in
between of which a segment is broken off (Fig. 1, 2). In flail
chest injuries, mechanical cohesion between the broken
off segment and the chest wall is lost, which results in
paradoxical movement [7]. The prevalence of flail chest
trauma reaches about 10% in patients with blunt chest
trauma, and is associated with a relatively high degree
of mortality (9—-16%) even today [70]. The presence of
flail chest is often associated with pulmonary contusion,
hemothorax and pneumothorax [7]. These injuries often
lead to acute pain and mutually contribute to disruption
of respiratory mechanics. The body reacts to the acu-
te pain by decreasing the respiratory volume, which is
a predisposition for the onset of atelectasis, hypo-
xemia, respiratory insufficiency [75], and ultimately
a higher incidence of pneumonia, ARDS, and which often
requires prolonged artificial ventilation, with all its asso-
ciated risks and complications [9]. In patients treated
without a surgical intervention, a high level of long-term
complications persists, such as chronic pain, chest wall
deformity, long-term sickness leave and decreased qua-
lity of life [79].

tions important milestones in the development of this
technique. The subsequent overview summarizes ad-
vantages of the technique, together with new know-
ledge in the management of blunt chest trauma.
CONCLUSION: The area of chest wall stabilization re-
mains a topical issue. Although this technique is not
considered a standard procedure in the management
of blunt chest trauma, it becomes of great interest for
trauma surgeons and manufacturers of implants. New
guidelines define a broader use of surgical chest stabi-
lization, and advocate an early intervention in indicated
cases.
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Fig. 1: MDCT image of flail chest on the right

Two basic principles are applied in the therapy of flail
chest. Artificial ventilation, supplemented with appro-
priate analgesia and bronchoalveolar lavage repre-
sents a standard conservative treatment. However,
this technique cannot compensate for the chest wall
deformities, which may lead to chronic respiratory in-
sufficiency and prolonged pain [77]. On contrary, surgi-
cal treatment, when compared with conservative the-
rapy, including implantation of modern instruments,
provides various benefits for patients in indicated ca-
ses; these result from better stabilization of the chest
wall. Despite the already proven advantages, surgical

stabilization of the chest wall remains a relatively in-
frequently used technique. From the results of the
retrospective analysis, using the data from National
Trauma Data Bank in Canada including 3 467 patients
with flail chest trauma treated between 2007 and 2009
it becomes apparent that only 0.7% of patients under-
went surgical stabilization of the chest wall [70].
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Fig. 2: MDCT image of flail chest fracture of 7 ribs on the right, with
a deformity of the chest wall

Previously reported reasons of persisting tendencies to-
wards conservative therapy included a lack of clinical
studies with long-term outcomes comparing both treat-
ment methods [77], general risks of surgical treatment,
early infections, and a lack of experienced surgeons
[22]. The randomized clinical trials, which have been pu-
blished so far, enrolled only low numbers of probands,
and the control groups lack a comparison of outcome
measures of conservative treatment in modern units of
intensive care [77].

These present drawbacks have been compensated with
a meta-analysis of data obtained from results of contro-
lled clinical trials of conservative therapy of flail chest
injuries, and with comparing them to clinical outcomes
of all surgically treated patients in randomized clinical
trials. The results of the meta-analysis show significant-
ly more favourable clinical outcomes in patients under-
going surgical treatment [27].

What is more, new guidelines were published last year;
these are based upon a consensus of experts, and broa-
den the already existing indications for surgical stabili-
zation of the chest wall [26].

These findings create favourable conditions for the inc-
reasing interest of trauma surgeons and manufacturers
of implants in gaining more experience with surgical
chest wall stabilization.

Development of surgical plate stabilization of the chest
wall

The history of plate osteosynthesis of the chest wall da-
tes back to the 1960s, when this type of fixation was
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first described in the work of Sillar; these plates were
intended predominantly for stabilization of sternal
fractures, as rib fractures were being fixed with K-wires
at that time [30]. In 1973, Judet introduced his plate with
lateral hooks intended for fixation of the plate to the rib
using pliers [74]. Two years later, Paris published a re-
port concerning the use of various types of plates for
rib fixation with suture or wire cerclage, including one
of the first techniques of minimally invasive plate os-
teosynthesis, when the plates were implanted through
small incisions, and also long plates which could be
used for treatment of the broken off segment of the
chest wall [23]. In 1979, Véscei [34] introduced a short
plate intended for treatment of simple rib fractures; the
plate was fixed with cerclage. Another milestone was
the introduction of Labitzke's clamp plates in 1980 [74],
where the individual clamps were joined asymmetri-
cally, which made bending at the plate level possible.
By introduction of these plates, a period of further deve-
lopment of chest wall osteosynthesis using clamp pla-
tes began; these plates were equipped, contrary to the
previously used types, with lateral hooks, which were
fixed to the rib using pliers. This means of fixation is
generally considered to be a safer technique than fixing
the plates with wire cerclage or suture. Although it was
possible to lay the Labitzke's plates over both fracture
lines of the chest segment, this type of implant was not
suitable for treatment of flail chest injuries, due to its
already mentioned flexibility. In 1982, Sanchez-Lloret
presented a clamp plate enabling a rigid osteosynthesis
of flail chest injuries [28].

At present, anatomically shaped plates MatrixRIB®
of the DePuy Synthes company are widely used. Their
main advantage is elimination of the need to bend the
plate prior to implantation. The plates are fixed using
locking screws, which provide a rigid stabilization, and
are thus suitable for fixation of flail chest injuries [7].
Among the current modern implants it is not possible to
omit the STRATOS™ system for chest osteosynthesis,
made by the MedXpert company, developed at the Uni-
versity Hospital in Strasbourg in 2007 [40].
Development of plate osteosynthesis for the chest wall
manufactured by the Czech company Medin a.s. from
Nové Mésto na Moravé, was realized in cooperation
with colleagues from the Research Centre of Special
Surgery and Traumatology, Trauma Hospital in Brno.
These are clamp plates, similar to the Judet's clamps,
with lateral hooks intended for fixation of the plate. The
team of this Centre published their first clinical expe-
riences in 1996 [27]. In 2007, Vodi¢ka et al. published
results of a retrospective study [35], which included
40 patients treated with Medin plates in the course of
10 years. Development of innovated rib LCP plates Me-
din was accomplished in the following years, in coopera-
tion between the Traumatology Centre and Department
of Surgery, University Hospital Kralovské Vinohrady and
3rd Faculty of Medicine, Charles University in Prague
and the Development Department of the Medin compa-
ny. Last year, the team of Vyhnanek et al. published their
first clinical experience with these plates in patients
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with unstable chest injuries [36, 37] (Fig. 3, 4).

Fig. 3: Perioperative image of rib osteosynthesis performed using the
innovated Judet-type plates prior to closure of thoracotomy

Fig. 4. MDCT image of osteosynthesis of 4 ribs on the right side, using
the innovated Judet-type plates

In the Czech Republic, various plates from Czech and fo-
reign manufacturers are currently used. The instruments
from foreign producers are represented namely with the
already mentioned MatrixRIB® Synthes and STRATOS™
MedXpert systems. Domestic manufacturers are repre-
sented with the innovated Medin clamp plates.

Advantages of surgical chest wall stabilization

A number of clinical, mostly retrospective studies have
proven the benefit of surgical chest wall stabilization
in patients with flail chest, in the sense of shortening
the period of mechanical ventilation and the ICU stay,
lower incidence of pneumonia and lower mortality [3, 4,
13,16, 25, 38, 39, 41, 42, 43]. These studies have analysed
non-homogeneous groups of patients of various ages,
with various comorbidities and mechanisms of injury.
In international expert literature, three randomized
studies have been published so far, proving the bene-
ficial effect of surgical stabilization in patients with
flail chest. A total of 37 patients with flail chest inju-
ries were enrolled into the study published by Tanaka
et al. [32]; the patients required mechanical ventilation
support, and were initially treated conservatively at in-
tensive care unit, according to identical protocol. The
patients were divided into two groups, a surgical group

(18 patients), and a group of patients treated con-
servatively (19 patients). In all patients, the parame-
ters such as age, representation of males and fema-
les, trauma score (ISS + AlS), localization of the flail
segment (anterolateral/posterolateral), number of
fractured ribs and ventilation parameters (Pa02/F102
index) upon admission to the hospital were compa-
rable. The patients in the first group underwent surgi-
cal stabilization with Judet's clamps five days after
trauma, and the second group of patients were left on
ventilation support. Among the group of patients under-
going the surgical procedure, the following was confir-
med, when compared with the conservatively treated
patients: shorter period of ventilation support (10 ver-
sus 18 days), shorter ICU stay (16 versus 26 days), and
a lower incidence of pneumonia (24% versus 77 %). In
the study published by Granetzny et al. [72], Kirchner wi-
res or steel wires were used to stabilize the chest wall
in patients undergoing surgical treatment, in the course
of 24-36 hours after trauma. Among the patients with
surgical stabilization of the chest wall, a significantly
shorter period of artificial ventilation (2 versus 12 days),
shorter ICU stay (9 versus 14 days), and a lower inci-
dence of pneumonia (10% versus 50%) were observed,
when compared with the group of patients on conserva-
tive therapy. By analogy, better ventilation parameters
were recorded in patients with surgical treatment when
compared to patients treated conservatively 2 months
after trauma. The third randomized study was published
by Marasco et al. [20], who used a biodegradable plate
for treatment of flail chest; parameters such as artificial
ventilation and ICU stay were in favour of the surgical
treatment, however no significant difference in para-
meters on spirometry in both groups was observed 3
months after trauma.

Coughlin et al. published a meta-analysis in 2016 study-
ing the results of treatment in patients with flail chest.
The clinical outcomes of the three above-presented
clinical trials, with the total number of 123 patients tre-
ated surgically were compared with the outcomes of
conservative treatment of flail chest presented in pu-
blished control trials. Surgical treatment of flail chest
was associated with generally more favourable clinical
parameters. The incidence of pneumonia was lower
by two thirds, the period of mechanical ventilation and
ICU stay were 6 days shorter, and the total period of
hospitalization was 11 days shorter [8].

Another advantage brought about by the surgical chest
stabilization is a demonstrable decrease of financial
costs when compared to conservative treatment. The
reason for this observation is a lower need of follow-on
care, such as treatment of pneumonia, respiratory failu-
re, and ICU costs [37].

Current indications of surgical stabilization and timing

Flail chest is traditionally considered to be an indication
for surgical stabilization of the chest wall. The benefits
of surgical intervention for patients were described in
the three above-mentioned randomized clinical trials
[72, 20, 32], and were also repeatedly proven in many re-

trospective studies.

Recent studies have proven better outcome para-
meters also in surgical patients with a more com-
mon type of chest trauma, which is a serial fracture
of the ribs with dislocation. Uchida et al. have shown
a shorter period of artificial ventilation, lower inciden-
ce of pneumonia, and a shorter ICU stay in surgical pa-
tients with multiple dislocated rib fractures, without the
presence of flail chest [33]. In 2016, Pieracci described
in his prospective study the positive impact of surgical
stabilization upon the course and length of treatment,
together with the incidence of complications in pati-
ents with other indications than flail chest, which inclu-
ded multiple dislocated rib fractures and serious chest
deformity [25]. These indications are frequently based
upon the poor perspective of conservative treatment in
this group of patients, and include respiratory insuffici-
ency and/or acute pain, persisting despite appropriate
conservative therapy, and chronic pain or impaired respi-
ratory mechanics [24].

Another clinically significant indication is a chronic
non-union, which must be considered in cases of pains
in the chest wall persisting 3—-6 months after trauma,
and also in cases when the initial radiography findings
were negative [2]. Kaplan et al. reported on a therapy of
multiple non-unions of the ribs using plate osteosynthe-
sis, supplemented with autologous bone grafts [75].
When considering the prediction of complications asso-
ciated with rib fractures, the use of CT scoring systems
has become a new trend at trauma centres. Chapmann
published his RibScore in 2016, which distinguishes
among six categories, according to CT findings, and lists
associated predictions of risks of pneumonia, respirato-
ry failure and indication for tracheostomy [5].

New guidelines were published in 2017, based upon the
consensus of participants of the Rib Fracture Colloqui-
um Park City Utah 2016. Among the newly recommen-
ded indications belong multiple bicortical rib fractures,
regardless of the fact whether mechanical ventilation
is required, and furthermore also failure of optimal con-
servative therapy administered at an early stage, regar-
dless of the radiography findings. All patients with flail

S j TRAUMA SURGERY 137

chest are indicated for surgical stabilization. On the
other hand, the earlier valid contraindications of surgical
chest wall stabilization, such as pulmonary contusion
and concomitant intracranial injury, were relativized, and
the indication of surgical therapy should be considered
individually in these patients [26].

Pieracci et al. analysed databases of patients from
four trauma centres. These patients, who underwent
a surgical stabilization of the chest wall between 2006
and 2016 (551 in total), were divided into three groups,
according to the interval between the admission to the
hospital and performance of surgical stabilization of the
chest (1. Day 0; Il. Day 1-2; IIl. Day 3-10). The reported
indications for surgery included flail chest, at least three
bicortical and dislocated rib fractures, chest deformity
with more than 30% reduction of the hemithorax volu-
me, and failure of conservative therapy. The differences
between the groups regarding the severity of the injury
were not significant. The duration of surgery, incidence
of pneumonia, number of days at artificial ventilation,
length of hospital stay, length of ICU stay, and the num-
ber of patients with tracheostomy increased in parallel
with the order of the group. Based upon these results,
the authors recommend an early indication of surgical
stabilization, ideally within 24 hours from admission
[27].

CONCLUSION

Surgical plate stabilization of the chest wall has been
developing since the 1950s, and presently offers various
kinds of modern sets for providing rigid and safe stabili-
zation of flail chest.

The advantages of surgical stabilization of the chest,
when compared to conservative treatment, represented
by artificial ventilation, are well known; they are reserved
for an indicated group of patients with blunt chest trau-
ma.

The most important indications for the procedure are
flail chest, multiple bicortical rib fractures, and posttrau-
matic deformities of the chest wall.

New recommendations based upon the results of analy-
ses of data from databases of trauma centres advocate
even earlier stabilization.




