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a b s t r a c t

Rib fracture is the most common injury in chest trauma. Most of patients with rib fractures were treated
conservatively, but up to 50% of patients, especially those with combined injury such as flail chest,
presented chronic pain or chest wall deformities, and more than 30% had long-term disabilities, unable
to retain a full-time job. In the past two decades, surgery for rib fractures has achieving good outcomes.
However, in clinic, there are still some problems including inconsistency in surgical indications and
quality control in medical services. Before the year of 2018, there were 3 guidelines on the management
of regional traumatic rib fractures were published at home and abroad, focusing on the guidance of the
overall treatment decisions and plans; another clinical guideline about the surgical treatment of rib
fractures lacks recent related progress in surgical treatment of rib fractures. The Chinese Society of
Traumatology, Chinese Medical Association, and the Chinese College of Trauma Surgeons, Chinese
Medical Doctor Association organized experts from cardiothoracic surgery, trauma surgery, acute care
surgery, orthopedics and other disciplines to participate together, following the principle of evidence-
based medicine and in line with the scientific nature and practicality, formulated the Chinese consensus
for surgical treatment of traumatic rib fractures (STTRF 2021). This expert consensus put forward some
clear, applicable, and graded recommendations from seven aspects: preoperative imaging evaluation,
surgical indications, timing of surgery, surgical methods, rib fracture sites for surgical fixation, internal
fixation method and material selection, treatment of combined injuries in rib fractures, in order to
provide guidance and reference for surgical treatment of traumatic rib fractures.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Rib fracture is the most common injury in chest trauma. In 2019,
there were about 248,000 cases of rib fractures in the United States
each year, of which 46,000 cases required hospitalization, indi-
cating a trend of annual increase.1 At present, China lacks a
comprehensive trauma database, and it is difficult to obtain accu-
rate data on trauma. It is conservatively estimated that the number
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of patients with rib fractures can reach 1.5 to 2.0 million per year.2

Most of patients with rib fractures were treated conservatively, but
up to 50% of patients, especially those with combined injuries such
as flail chest, presented chronic pain or chest wall deformities, and
more than 30% had long-term disabilities, and were unable to
retain a full-time job.3 The surgical treatment of rib fractures, from
early chest wall traction to internal fixation with plates in the
1980s, has advanced slowly in the history of nearly 100 years.4 In
the past two decades, thanks to the development of material
technology, surgery for rib fractures has become simple and widely
applied, achieving good outcomes. However, in clinic, there are still
some problems including inconsistency in surgical indications and
quality control in medical services.2 Before year of 2018, there were
3 guidelines on the management of regional traumatic rib fractures
published at home and abroad, focusing on the guidance of the
overall treatment decisions and plans5e7; another clinical guideline
about the surgical treatment of rib fractures8 lacks recent related
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progress in surgical treatment of rib fractures. The Chinese Society
of Traumatology, Chinese Medical Association, and the Chinese
College of Trauma Surgeons, Chinese Medical Doctor Association
organized experts from cardiothoracic surgery, trauma surgery,
acute care surgery, orthopedics and other disciplines to participate
together, following the principle of evidence-basedmedicine and in
line with the scientific nature and practicality, formulated the
Chinese consensus for surgical treatment of traumatic rib fractures
(2021). This expert consensus put forward some clear, applicable,
and graded recommendations from seven aspects: preoperative
imaging evaluation, surgical indications, timing of surgery, Surgical
methods, rib fracture sites for surgical fixation, internal fixation
method and material selection, treatment of combined injuries in
rib fractures, in order to provide guidance and reference for surgical
treatment of traumatic rib fractures.

Methods and evidences

Expert panel

The panel includes multidisciplinary experts in thoracic surgery,
trauma surgery, acute care surgery, orthopedic surgery,
neurosurgery.

Source of information

The databases including PubMed, EMBASE, Clinicaltrial.org,
Cochrane Library, CNKI, Wanfang Data were searched for related
literature and research data published from January 2000 to March
2021. The key words “rib fractures” “flail chest” “wounds and in-
juries” “surgical treatment” “surgical stabilization of rib fractures”
“open reduction and internal fixation”were used for search. A total
of 3198 literatures were retrieved, 869 literatures were retained
after preliminary screening, and 197 literatures were retained after
secondary screening through reading abstracts for intensive
reading and collation.

Level of evidence

The evidence classification method of Oxford Centre for Evi-
dence-based Medicine and GRADE were referred.

Level IA: Based on high-level well-designed systematic reviews/
meta-analysis and large-scale randomized controlled clinical trials,
with sufficient evidence, the expert panel unanimously agreed.

Level IB: Based on rigorous systematic reviews/meta-analysis,
large-scale randomized controlled clinical trials, with sufficient
evidence, there is little controversy in the expert group.

Level IIA: Based on medium-level systematic reviews/meta-
analysis, small-scale randomized controlled studies, large-scale
retrospective studies and case-control studies, with good evi-
dence, the expert panel reached a consensus.

Level IIB: Based on medium-level systematic reviews/meta-
analysis, small-scale randomized controlled studies, large-scale
retrospective studies and case-control studies, the expert group
basically reached a consensus, with little controversy.

Level III: Based on uncontrolled clinical studies, case reports and
expert opinions, the expert group made relevant recommenda-
tions, but there were some differences on the opinion.

Consensus formation

The working group wrote the first manuscript based on relevant
domestic and foreign literature, made recommendations, invited
relevant experts to have face-to-face discussion twice, and then
sent the draft to experts by email for suggestions using the Delphi
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method and the suggestions will be sorted out and fed back. The
consensus has been completed and submitted in June 2021.

Definitions of related terms

Traumatic rib fracture (TRF): direct or indirect violence acts on
the ribs, causing the ribs to bend and break inward at the force-
bearing site or making the fractured ends outside the point of ac-
tion broken outwards.

Multiple rib fracture (MRF): fractures of 2 or more ribs.
Flail chest (FC): double or more fractures of �3 adjacent ribs

and/or costal cartilage. The local chest wall is softened due to the
loss of rib support, causing abnormal breathing movement, i.e., the
softened chest wall sinks inward during inhalation and protrudes
outward during exhalation, while the rest of the thorax performs
the opposite.9

Preoperative imaging evaluation

The imaging examination currently used for preoperative eval-
uation of TRFs includes chest X-ray, ultrasound and chest CT. Chest
X-ray is the basic method for diagnosing rib fractures. Although it
shows low sensitivity, it can detect serious injuries besides rib
fractures, such as pneumothorax, hemothorax, FC, or lung contu-
sion, as early as possible and as quick as possible. Standard chest X-
ray is usually sufficient for the evaluation of rib fractures, because
no evidences indicate that undiagnosed simple rib fractures will
affect the treatment or prognosis of blunt chest injuries.10 In the
diagnosis of rib fractures, some studies demonstrate that ultra-
sound may be superior to chest X-ray, but it still needs to be
confirmed by clinical randomized controlled studies.11 The high
sensitivity of CT in diagnosing rib fractures may not be necessary to
change the outcome of treatment or rescue for patients without
organ injuries. However, the patients with rib fractures caused by
high-energy injuries show high risk of thoracic and abdominal
organ damage, so CT of the chest and abdomen is required, even
enhanced CT should be given if necessary.10 Chest CT also provides
valuable information on the number, location and displacement of
rib fractures for surgical planning. Compared with 2D images, 3D
CT can provide more information before operation. New technol-
ogies, including 3D printing, percutaneous navigation and elec-
tromagnetic navigation, are useful in the surgical treatment of rib
fractures, worthy of further study.12e15

Recommendation 1: Chest CT examination of rib fracture should
be performed before surgery, even 3D-CT if necessary (level IIA)

Surgical indications

FC

The conservative treatment methods for floating chest caused
by FC include wide tape fixation, cotton pad compression dressing,
elastic chest strap, etc. Although the above-mentioned methods
can relieve pain and assist coughing, they reduce the ventilation
function of the chest on the injured side, which may lead to atel-
ectasis and respiratory insufficiency, significantly increasing the
incidence of complications. Moreover, the fractured ends are not
anatomically fixed. Therefore, conservative methods are basically
abandoned now. The curative effects of chest wall traction fixation
and internal fixation of ventilator are not reliable.16,17 In recent
years, progress has been made in surgical treatment of FC. Five
prospective randomized controlled trials and one prospective case-
control study showed that compared with non-surgical treatment,
FC patients who received surgical stabilization of rib fractures
(SSRF) had significantly shorter mechanical ventilation time and

http://Clinicaltrial.org
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intensive care unit (ICU) stay, lower incidence of lung infection,
respiratory failure and thoracic deformity, reduced cases of tra-
cheotomy, significantly relieved pain and improved respiratory
function.17e22 Five meta-analyses also confirmed these clinical
benefits, and reported shortened hospital stay and lower mortality
in FC patients undergoing SSRF.23e27 Another retrospective cohort
study of 625,617 patients with TRFs also showed that FC surgery
can reduce patients’ mortality.28 CT evaluation was used to
compare the lung volume before and after FC operation, and the
result showed that the postoperative CT-vital capacity estimate was
improved compared with preoperative value.29 A logistic regres-
sion model analysis of chest wall injury dataset in the UK indicated
that after controlling for related factors, the biggest predictive
factor of internal fixation for rib fracture is injury type, to be spe-
cific, patients with unilateral FC, bilateral FC, and non-flail fracture
involving more than 3 ribs are more likely to undergo surgery
compared with those with non-flail fracture of less than 3 ribs.30 A
retrospective study conducted by Du et al.16 also revealed that in-
ternal fixation of FC can quickly stabilize the chest wall, improve the
affected respiratory function, and restore complete shape of the
chest wall, superior to conservative treatment.

In conclusion, the curative effect of surgery for FC has been
generally recognized. In spite of small sample size, different
methods and inconsistent results of clinical studies, general
speaking, the surgical treatment of FC is better than non-surgical
treatment. Based on the results of recent researches, the expert
panel recommends surgery for the treatment of FC on the basis of
foreign clinical guidelines.6e8

Recommendation 2: SSRF should be considered for all patients
with FC (level IIA)

Non-flail rib fractures

Besides surgical internal fixation of FC, many studies focus on
the surgical internal fixation of non-flail rib fractures. Chien et al.31

conducted a retrospective cohort study involving 174 patients with
rib fractures and found thatmore displaced bones in rib fracture led
to more chest complications; the number of displaced rib fractures
may be a strong predictive factor of pulmonary complications, e.g.,
the number of fractured ribs (� 3) and displacement of the frac-
tured ends (yes/no) are the most sensitive risk factors for chest
complications, independent of other risk factors or severity index.
Notably, only 4 patients (2.3%) underwent surgical treatment
including internal fixation, and others received non-surgical
treatment. Two prospective studies and a retrospective case-
control study showed that after internal fixation, the patients
with non-flail MRFs (�3 fractured ribs, severe displacement) had
less use of analgesic drugs, less pain, less complications, shortened
time of mechanical ventilation, reduced length of ICU and hospital
stay, decreased mortality and significantly improved quality of life
related to respiratory dysfunction compared with the non-surgical
group.32e34 In a prospective study of 128 patients, Lin et al.35 found
that internal fixation of rib fracture during exploratory thoracot-
omy still had the aforementioned benefits. In a prospective single-
center study involving 118 patients, Khandelwal et al.36 gave
stratified management of all patients based on pain severity: pa-
tients withmild tomoderate pain received conventional treatment,
and patients with severe pain underwent surgery and the result
showed that internal fixation of rib fracture reduced pain to a
greater extent and shortened the time of disability or time to work.
313
Recommendation 3: SSRF may be considered for those with
non-flail rib fractures in the following situations:

(1) Non-flail MRFs (�3 fractured ribs) and the broken ends are
displaced (level IIB);

(2) Non-flail rib fractures combined with other conditions
requiring exploratory thoracotomy (level III);

(3) Non-flail rib fractures with severe pain, and early non-
surgical treatment proved to be ineffective (level IIB).
Rib fractures with severe lung contusion

Approximately 20% of TRFs (�2 ribs) in adults are combined
with lung contusion, of which severe lung contusion (pulmonary
contusion volume �20%) accounts for about 6%.37,38 Studies
showed that after SSRF, patients with rib fractures and pulmonary
contusions had significantly lower risk of respiratory failure and
tracheotomy, less mechanical ventilation time, improved respira-
tory function, reduced pain and shorten hospital stay.21,39 However,
some studies also demonstrated that there was no clear benefit
from surgical treatment in patients with rib fractures combined
with severe pulmonary contusion.40,41 In general, whether to
choose surgical internal fixation for rib fractures with severe pul-
monary contusion is still controversial, which needs to be clarified
by further researches. It is believed that whether internal fixation of
rib fractures is suitable for patients with pulmonary contusion
depends on the severity of pulmonary contusion.

Recommendation 4: Severe pulmonary contusion should not be
considered an absolute contraindication to SSRF, and the patient's
conditions should be evaluated before SSRF (level III)

Rib fractures with severe head injury

A multicenter retrospective cohort study included 456 patients
with MRFs and moderate to severe head injury, 111 of whom
received SSRF treatment, and the median operation time was 3
days.42 Compared with the non-surgical treatment group, there
was no difference in the time of avoiding mechanical ventilation
between the two groups. The incidence of lung infection and 30-
day mortality in the SSRF group were significantly reduced. Ac-
cording to the Glasgow coma scale score, the patients were divided
into two subgroups. Among them, patients with MRFs and severe
head injury (Glasgow coma scale score, �8 points) had a significant
reduction in the 30-day mortality rate after surgery. The incidence
of SSRF-related complications was only 3.6%. These data indicate
that SSRF may play a role in patients with selective head injury. In
addition, early SSRF can improve respiratory function, reduce
positive end-expiratory pressure, lower intracranial pressure and
further improve cerebral perfusion pressure. For patients with
greater chance of brain function recovery or trying to wean, timely
internal fixation will help reduce the application of sedation and
analgesics, shorten ventilator time and improve the successful rate
of weaning. Therefore, severe head injury should not be regarded as
an absolute contraindication to SSRF, and individualized SSRF
assessment should be carried out in patients with severe head
injury. The timing of surgical intervention is a key issue.41

Recommendation 5: Severe head injury should not be consid-
ered as an absolute contraindication to SSRF; the patient's condi-
tions should be evaluated before SSRF (level III)
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Timing of surgery

SSRF at early stage is recommended. Tanaka et al.17 enrolled 37
patients in a randomized clinical trial and SSRF was performed
within 5 days of mechanical ventilation. In a randomized clinical
trial conducted by Marasco et al.,19 all 46 cases underwent SSRF
within 2 days after mechanical ventilation. A recent retrospective
comparative study of 33 patients showed that the patients who
underwent SSFR for FC within 3 days after injury had significantly
shorter time of mechanical ventilation, ICU and hospital stay, and
less medical cost.43 Pieracci et al.44 analyzed 551 cases in a multi-
center study and compared the outcomes of SSRF at different
stage (<1 day, 1e2 days, 3e10 days post-injury); they found that
SSRF within 24 h after admission showed shorter operation time
and better outcome. In general, it is technically feasible to perform
SSRF within 72 h after injury, and the international guidelines for
rib fractures also advocate surgery within this time window.6,8 For
FC combined with pulmonary contusion or more fatal injuries such
as severe head injury, abdominal organ injury and severe pelvic
fracture and hemorrhage, Gao et al.45 adopted the principle of
damage control surgery, i.e., at emergency, firstly use simple sus-
pension/traction to correct the floating chest interfering with
breathing, deal with fatal injuries and improve the hemodynamics,
and then gave internal fixation, achieving good results. He et al.46

retrospectively analyzed 794 patients underwent surgery for sim-
ple rib fracture and found that 3e7 days after injury was the best
time for rib fracture surgery. However, the limitation lies that this is
a retrospective study with large time span.

Recommendation 6:

(1) SSRF should be performed within 72 h after injury (level IIB);
(2) For rib fractures combined with other fatal injuries, the

principle of damage control surgery should be adopted:
manage fatal injuries and give primary resuscitation, and
then perform SSRF within 3e7 days after injury if possible
(level IIB).
Surgical methods

Open surgery

The principles of incision design for open surgery are as follows:
full exposure of surgical area, small injury, occult incision, good
cosmetic effect, to cut the chest wall but not to enter the thoracic
cavity. The preoperative location of fracture is considered a pre-
requisite for surgical incision design and treatment plan. Rib frac-
ture locations can be divided into front (from anterior thorax to
anterior axillary line), lateral (between anterior axillary line and
posterior axillary line) and back (from posterior thorax to posterior
axillary line),47 and no incision is suitable for all types of fractures in
SSRF. In clinic, the surgical approaches include standard postero-
lateral thoracic incision, incision on inframammary fold, sub-
axillary incision and subscapular incision.15,41,48 Based on the
frequent locations of rib fractures and the anatomical structure of
the chest wall, in order to reduce trauma, Greiffenstein et al.49

designed 3 surgical incisions for rib fractures (anterolateral longi-
tudinal incision, posterolateral auscultation triangle longitudinal
incision, and subscapular incision), which were suitable for most of
rib fracture surgery using muscle-sparing technique.

Anterolateral longitudinal incision: make a longitudinal incision
at the lower edge of the tail of the axillary hairy area, dissect and lift
the latissimus dorsi along the anterior edge of the latissimus dorsi,
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dissect the serratus anterior muscle and protect the long thoracic
nerve.

Posterolateral auscultation triangle longitudinal incision: make
a longitudinal incision inside the scapula to expose the auscultation
triangle, dissect the trapezius, latissimus dorsi and scapula and lift
them, and dissect the paraspinous muscles (stereoiliac ribs) if
necessary.

Subscapular incision: make an incision along the medial arc of
the scapula until the lower corner of the scapula to expose the
auscultation triangle, dissect the trapezius, platys, and scapula and
lift them, partially cut-open the trapezius and/or latissimus dorsi if
necessary. A retrospective case study showed that the internal
fixation of rib fractures using muscle-sparing technique is condu-
cive to the recovery of shoulder function and strength.50 If the
pleural rupture is found during open internal fixation of the ribs
and preoperative imaging demonstrated pleural effusion (blood) or
coagulated hemothorax, the surgeon can use a suction device to
enter the thoracic cavity through the pleural rupture and clear the
pleural effusion, even perform a thoracoscopy or appropriately
extend the pleural rupture to detect damage of visceral organs in
the thoracic cavity, completely remove the blood and blood clots in
the thoracic cavity, and place a closed thoracic drainage tube after
internal fixation.

Recommendation 7:

(1) The surgical incision should be selected according to the rib
fracture site and the anatomical structure of chest wall (level
IIB);

(2) The muscles of chest wall should be spared as much as
possible (level IIB).
Thoracoscopic surgery

There are two methods of thoracoscopic reduction and internal
fixation for rib fractures: auxiliary use of a thoracoscope in open
SSRF and total thoracoscopic SSRF. Thoracoscopic reduction and
internal fixation for rib fractures has the following advantages:
small surgical incision, improved visualization of rib fractures,
especially subscapular and posterior fractures, reduced damage to
chest wall muscle and nerves, minimized damage to the lungs and
heart, avoiding discomfort caused by plate displacement, palpable
plate and scapula contact, removal of residual hemothorax, place-
ment of chest drainage tubes and local analgesic catheters, thoracic
exploration and repair of intrathoracic injuries, less postoperative
pain, and shortened time back to work.51,52

Thoracoscopic SSRF refers to the positioning, reduction and in-
ternal fixation of rib fractures under a thoracoscope. Theoretically,
thoracoscopic SSRF is superior to thoracotomy of SSRF in the
following aspects: a wide surgical field of view, no scapular
retraction, no touching on chest wall plate after cortical internal
fixation, less structural damage in the pleural cavity, and expanding
surgical indications for posterior rib fracture (near the spine). Total
thoracoscopic SSRF is clinically applicable, which has been reported
in the literature at home and abroad.52e55 In China, the devices and
instruments designed for total thoracoscopic SSRF have been
developed, by which sufficient reduction and fixation can be
achieved.

Recommendation 8:

(1) The auxiliary use of a thoracoscope in open SSRF is advised
(level III)

(2) The total thoracoscopic SSRF is advised (level III)
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Rib fracture sites for surgical fixation

The anatomy in periphery of rib fracture sites should be
considered in surgical internal fixation. The first and second ribs are
deep inside the body, hard to expose, with low mobility, involving
with important blood vessels and nerves around, so the risk of
surgery is relatively high. The 11th and 12th ribs are floating ribs,
with little effect on breathing after fractures. Unless the ribs are
significantly displaced, causing damage to blood vessels, nerves,
thoracic or abdominal organs, organ incarceration, lung hernia, or
obvious chest wall deformities, surgical internal fixation is not
recommended.8,56,57 If the fracture brings remarkable physiological
hazards, fixation should be the top priority and the side-injury
caused by operation should be evaluated in order to reduce or
eliminate the hazards. It is important to find a balance between
fixation effect and injury caused by surgery. The lateral and lower
rib fracture is the first choice for fixation since it brings great pain.41

The ribs move continuously with breathing, and the fractured parts
are particularly prone to shearing movement. Once the fractured
rib is completely displaced, it will shear due to the inevitable
movement during breathing. In addition, the dislocation and
movement of ribs are also the main causing factors of pain.
Therefore, displaced rib fracture is the top priority of surgical fix-
ation. For the FC, the management of fixation on each fractured end
as simple rib fracture cannot avoid deformity and displacement,
especially for the posterior rib fracture. Although it has been
confirmed in imaging studies, there are no reports on its effect on
function or quality of life. The literature showed that the incidence
of bone bridges between adjacent ribs in non-fixed fractures (54%)
was twice that of fixed fractures (23%). It is speculated that bone
bridges are related to the periosteum tearing at the rib fracture site,
and the formation of bone bridges may affect compliance of thorax.
Therefore, all palpable fractures should be fixed asmuch as possible
under ideal conditions.58 However, Gao59 figured out that rib fix-
ation surgery is to improve chest wall compliance, rather than in-
crease chest trauma and destroy chest wall compliance. It is not
recommended to arbitrarily increase the number of internal fixed
ribs and excessively strip chest wall.

When there is sufficient rib length at both ends of the fracture
line (�2.5 cm), the existing rib repair system can achieve good
fixation and ensure sufficient stability. It is difficult to fix the pos-
terior back rib fracture near the transverse process and the anterior
chest rib fracture near the sternum. The thoracic approach can
expand the surgical indications for the posterior back rib fracture
adjacent to the transverse process.52 The anterior-wall FC can be
fixed with steel plates, steel wires, and sutures. It is reported that
the fractured ends of the costal cartilage near the sternum are fixed
to the sternum, but there is a risk of affecting the compliance of
thorax, which has not been confirmed yet. In literature, there are
some reports on plate and screw fixation for rib fracture combined
with sternum fracture,60 or costal cartilage fracture.61

Recommendation 9:

(1) For rib fractures (non-FC), all displaced ribs should be fixed
(level IIB);

(2) For rib fractures (FC), it is recommended to fix different
fractured segments of multiple ribs (level III);

(3) Surgery is not recommended for fractures of the 1st, 2nd,
11th and 12th ribs. In cases of significant displacement,
vascular injury, risk of local organ damage, or local intrac-
table pain, rib fracture fixation can be performed (level III).

(4) Surgical internal fixation is not recommended for rib frac-
tures within 2.5 cm from the transverse process, without
significant displacement (level III).
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(5) Costal cartilage fractures can be repaired by fixing to the
cartilage or sternum (level III)
Internal fixation method and material selection

There are usually 2 types of internal fixation for rib fractures:
cortical fixation and intramedullary fixation. The corresponding
materials should be selected according to the internal fixation
method.

Cortical fixation

Cortical fixation is divided into outer and inner cortical fixation
based on different positions of fixators, or encircling fixation and
plate and screw fixation based on different fixation methods, or
single cortical fixation and double cortical fixation according to the
depth of screw fixation. There is no clinical evidence to demon-
strate the advantages and disadvantages of encircling fixation and
plate and screw fixation. Most of fixators in clinic are steel plates,
especially the rib-like internal fixation system designed according
to the biomechanical properties of the ribs introduced by Bottlang
et al.62 The anatomical plate is suitable for severe comminuted rib
fractures. Two adjacent rib fractures of FC can be bridged using a
single long anatomical plate, which is the key to stabilizing the
FC.63 Due to the complex geometry of the ribs, it may be difficult to
prepare a steel plate that fits the rib contour during the operation.
Some study reported screw loosening and pullout in the cases of
plate fixation,64 so intraoperative shaping is important. In clinical
practice, the choice of plate and screw fixation is based onwhether
a multi-segment fracture of single rib exists. Usually, for multi-
segment fracture of single rib, a long-span steel plate is more
conducive to the recovery of the thoracic shape. In addition, if the
fractured ends are located next to the sternum or spine, a steel plate
and screws are more conducive to fixation across the ribs. The
fixation using shape memory alloy encircling device and the claw-
shaped bone plate are easy to operate. During the operation, after
fully dissecting the periosteum, the fractured ends are precisely
reduced and fixed. Those fixators are suitable for patients with
multiple fractures, but there is a risk of chronic postoperative pain
because of compression on intercostal nerves, so they are not
suitable for costal cartilage fractures or fractures near the
spine.15,65e67 Small incision or auxiliary thoracoscopic surgery can
be adopted using the Rib Minimally Invasive Plate System
(MatrixRIB-MIPO), which can accurately build the shape of frac-
tured ribs, and firmly fix multi-segment fractures, especially for
costal cartilage fractures or fractures near the spine.63 Compared
with the standard anterior fixation plate, the U-shaped plate has
the advantages of significantly shorter length, less time to expose
broken ends of fractured ribs, and higher durability, which is
conducive to minimally invasive rib fracture repair.68

Although the SSRF system approved by the Food and Drug
Administration does not specify where to place the plate (outer
cortex or inner cortex), all studies related to structural strength,
metal fatigue, plate flexibility and screw strength are conducted on
the system placed on the outer cortex. The contours of all plates are
located on the outer cortex, so the plates should be placed on the
outer cortex of the ribs. A commercially available inner cortex fix-
ation system was reported to obtain good fixation effect and early
follow-up result was beneficial.52 The inner cortex of ribs is 33%
thicker than the outer cortex, and the density of the inner cortex is
twice that of the outer cortex. Theoretically, any rib fracture can be
fixed on the inner cortex, which is thicker and denser, so the fixa-
tion is firmer.69 However, Choke et al.70 studied biomechanics of
monocortical and bicortical plate fixation for rib fractures in a
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cadaveric model and found no difference in the stability of fixation.
Monocortical fixation is recommended to avoid complications such
as potential pleural injury and thoracic organ damage.

At present, the commonly used plates are made of titanium
alloy, including remodeling plates, titanium microplates, U-shaped
plates, etc. Most of encircling devices are made of nickel-titanium
memory alloy. The bone plate is widely used, easy to use, reliable
and compatible, but it cannot firmly fix costal cartilage fractures,
and it needs to be removed by a second operation because it is
made of non-degradable materials. When choosing fixation mate-
rial, the following aspects: easy-to-use, biomechanical properties,
complication risk and cost of implant, should be the surgeon's top
concerns.24 At present, most of the SSRF evidence supports the use
of outer cortex plate and bicortical screw fixation.3,19,21,22,35,63

Claw-shaped plates such as shape memory alloy rib encircling de-
vice and claw-shaped bone plates are also commonly used in
China.71e73

Intramedullary fixation

At present, no clinical evidences prove that intramedullary fix-
ation is superior or inferior to cortical fixation. However, in
biomechanics, the intramedullary rod only provides a fixed point,
and the distal rib has no fixed point, which cannot prevent the
separation of the fracture line theoretically. Intramedullary fixation
has advantages of small incision, less trauma and avoiding perios-
teal dissection.

The intramedullary rib splint is commonly used for minimally
invasive fixation of simple, non-comminuted fractures. It can
replace reduction and fixation of ribs using Kirschner wire. This
intramedullary fixation method is good for posterior rib fractures,
but cannot be used for paravertebral fractures.63,74 Absorbable rib
nails are made of polylactic acid polymer and have been success-
fully used in traumatic FC surgery.64 However, rib nails are of
limited use in patients with anterior rib fractures or comminuted
fractures, rib stenosis and small bone marrow cavity.75

Recommendation 10:

(1) Rib fractures can be fixed with anatomical plates and claw-
shaped plates (level IIA)

(2) No enough evidences demonstrate whether bicortical or
monocortical fixation is superior in SSRF (level IIB)

(3) Compared with absorbable plates, permanent plates can
provide better strength and reliability (level III).

(4) Intramedullary rib splints and rib nails can be used to fix
simple, non-comminuted fractures (level III)

Treatment of combined injuries in rib fractures

Lung injury and hemopneumothorax

The number of rib fractures is significantly correlated with the
incidence of hemothorax and/or pneumothorax. The more rib
fractures, the higher incidence of concurrent hemothorax and/or
pneumothorax. The incidence of concurrent hemothorax and/or
pneumothorax (339 cases) was 6.7%, 24.9%, and 81.4% in blunt chest
injury patients without rib fractures, with 1e2 rib fractures, and
with >2 rib fractures, respectively; 76.7% of patients (226 cases)
required closed drainage of thoracic cavity.76 Lin et al.77 made a
similar conclusion in a retrospective cohort study of 1621 patients
with chest trauma. Hemothorax patients are in risk of empyema. A
multi-center, prospective study conducted by the American Asso-
ciation of Trauma Surgery showed that in 328 hemothorax patients
from 20 medical centers, including 167 patients with penetrating
chest injuries (stab wounds/gunshot wounds), the incidence of
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empyema was 26.8%; rib fractures, injury severity score � 25, and
interventions for pleural hemorrhage were independent predictors
of post-traumatic hemothorax combined with empyema.78 There-
fore, intraoperative thoracic exploration is recommended for rib
fracture patients with hemothorax (>300 mL) and/or pneumo-
thorax and with indications for internal fixation.35 Its purpose is to
remove residual pleural hemorrhage, repair lung injury/intra-
pulmonary hematoma/hematocele, assist in positioning the frac-
tured ends of ribs, place a closed thoracic drainage tube and give
necessary analgesia.47 If the displacement of fractured ends and
comminuted fracture involve the pleura, and a clear pleural rupture
is found during the operation, closed drainage of thoracic cavity
should be given in principle. For patients with clear thoracic organ
damage, a closed thoracic drainage tube should be routinely placed
after pleural cavity exploration.

Bone defects

Anatomical reduction is the basic principle of orthopedic sur-
gery, and it is also applicable to SSRF. Free rib fragments should be
reduced and fixed during SSRF. In generally speaking, small gap
(<10 mm) between fractured end of rib can be managed by
anatomical reduction, and ribs with defects larger than 10 mm
should be bridged with plates and bone grafting is considered if
necessary. Autologous and non-autologous grafts are equally
effective for bone grafting surgery, but autologous bone is regarded
as the gold standard.79 The iliac bone is mostly used for bone
grafting. Nomatter which technology is used, all grafts shouldmeet
the following criteria: structural integrality, osteoinductivity,
osteoconductivity and osseointegration. Usually, single rib defect
has little effect on respiratory function, demanding no surgical
reconstruction.

Injury and defect of chest wall muscles

If remarkable chest wall muscle damage or defect is found
during the operation, indicating existence of lung herniation or
high risk of lung herniation, it is recommended to repair themuscle
defect by pericostal fixation. The adjacent ribs are fixed using
absorbable suture to close or minimize intercostal defect. If the
defect cannot be repaired by suture, a pedicled myocutaneous flap
and/or other materials (patch, mesh, etc.) can be used.80

Recommendation 11:

(1) For rib fracture patients with hemothorax and/or pneumo-
thorax (>300 mL) and indication for internal fixation, it is
recommended to perform routine thoracic exploration in
SSRF (level IIA);

(2) If thoracic viscera injury is definite, the thoracic cavity should
be explored before SSRF (level III);

(3) If the pleural cavity damage is found during SSRF, a closed
pleural drainage tube (level III) should be placed;

(4) If remarkable chest wall muscle damage or defect is found
during the operation, indicating existence of lung herniation
or high risk of lung herniation, it is recommended to repair
the muscle defect by pericostal fixation. If the defect cannot
be repaired by suture, a pedicled myocutaneous flap and/or
other materials (patch, mesh, etc.) can be used (level IIA).

Statement

The purpose of this consensus is to provide standardized guid-
ance for the SSFR. The recommendations are based on evidence-
based medicine principles and multidisciplinary experts' opinions.
However, the current consensus may be updated as research on the
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SSFR continues and more high-quality clinical evidence emerges.
This consensus is only for academic guidance and not for legal basis.
In actual clinical work, individual differences exist in patients'
conditions and the clinical situation is complex and changeable, so
this consensus should be applied according to the specific situation.
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