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retrospective analysis

Yongjing Liu, Shun Xu, Qi Yu, Yu Tao, Leilei Peng, Shengbo Qi, Hao Han, Mengran Chen

Department of Cardiothoracic Surgery, The 105th Hospital of Chinese People’s Liberation Army, Hefei 230031, China

Contributions: (I) Conception and design: Y Liu; (II) Administrative support: Y Liu; (III) Provision of study materials or patients: Y Liu, S Xu; (IV)
Collection and assembly of data: Y Liu, S Xu; (V) Data analysis and interpretation: Y Liu, S Xu; (VI) Manuscript writing: All authors; (VII) Final
approval of manuscript: All authors.

Correspondence to: Yongjing Liu. Department of Cardiothoracic Surgery, The 105th Hospital of Chinese People’s Liberation Army, Hefei 230031,
China. Email: yongjingliu@163.com.

Background: In this study, we aimed to evaluate the clinical effects of multiple rib fracture treatments
using a rib plate fixator.

Methods: From June 2014 to December 2016, 110 cases of patients with multiple rib fractures were
collected for our study from the 105th Hospital of PLA; 59 patients were treated by surgery, and 51 patients
received conservative treatment. We compared surgical rib plate fixation with conservative treatment for
patients with multiple rib fractures.

Results: The hospital stay for the surgical group was 13.12+4.21 days, whereas for the conservative
group, it was 18.57+5.39 days (P<0.001). The duration of the thoracic intensive care unit ICU) stay was
4.02+1.41 days in the surgical group and 5.06+1.80 days in the conservative group (P=0.001). The indwelling
thoracic drainage tube time was 5.85+1.52 days in the surgical group and 8.26+1.96 days in the conservative
group (P<0.001). The index of partial pressure of arterial oxygen (PaO,) was 91.05+10.88 mmHg 24 h after
surgery whereas 86.49+11.69 mmHg 24 h after conservative treatment (P=0.036). The index of partial
pressure of carbon dioxide (PaCO,) was 37.80+2.86 mmHg 24 h after surgery and it was 39.08+2.46 mmHg
24 h after conservative treatment. The hospitalization cost was 6,206.44+371.42 USD for the surgical group
and 4,544.61+524.79 USD for the conservative group (P<0.001). The number of rib displacement cases
after treatment was 1 case in the surgical group and 2 cases in the conservative group (P=0.475). Atelectasis
occurred in 10 cases in the surgical group and in 17 cases in the conservative group (P=0.046). Delayed
hemopneumothorax occurred in 7 cases in the surgical group and in 16 cases in the conservative group
(P=0.012).

Conclusions: Surgical treatment is a safe and effective therapy for multiple rib fractures. Our data
suggested that surgical treatment can significantly shorten the patients’ pain-endurance time, hospitalization
time, and can reduce complication incidence. Severe rib fracture patients might benefit from surgical

fixation.
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Introduction significant morbidity and mortality (2,3). Most patients

Thoracic trauma is a major traumatic injury throughout with thoracic trauma do not undergo surgical treatment.

the world, and it has very high incidence in developing However, some cases are complicated by serial rib

countries (1). Thoracic trauma is often associated with fractures (4). Without effective treatment, multiple fractures
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of multiple ribs can cause the partial chest wall lose the
ribs to support, and also causes paradoxical breathing, the
softening area of chest wall invagination when inhaling,
and outer protrusion when exhaling, it is called the flail
chest (5), can cause long-term disability, chest wall pain,
and the paradoxical motion of the chest wall inducing
respiratory distress (6).

The recent goals of multiple rib fracture treatment are
to eliminate the symptoms of pain and breathing difficulty,
and to recover thoracic stability. Different treatments for
rib stabilization have been reported in recent years (7);
Therefore, the goals of surgical treatment are to stabilize
the chest wall, however, the treatment of rib fractures
remains controversial (8,9). Conservative treatment is
generally associated with safety and lower hospitalization
costs, although surgical treatment can correct the thoracic
deformity better (10,11). In addition, with the development
of biomedical engineering, various types of rib plates can be
chosen for internal fixation surgery of multiple rib fractures.

In this research, we review the main clinical indexes of
different treatment to multiple rib fractures, and compare
the particular features of the two treatments. In addition, we
introduce the visual analog scales (VAS) scores to compare
the level of pain between surgical group and conservative

group.

Methods
Rib fractures of patients

We collected the clinical data of 390 patients with serial
rib fractures who received medical treatment at the 105th
hospital of the Chinese People’s Liberation Army. In
total, 70 patients received surgical treatment, and 320
patients received conservative treatment. We performed
a retrospective study: 59 cases were grouped into a
surgical treatment group, and 51 cases were grouped into
a conservative group. In addition, the rib fractures were
caused by a variety of factors, including road traffic trauma,
fall injury, blunt instrument injury and crush injury. All
the patients received thoracic computer tomography
scanning. Patients received surgical treatment within
24 h of admission in the surgical group. We compared
the difference between the two groups by the following
measures: hospital days, thoracic intensive care unit
(ICU) stay days, indwelling thoracic drainage tube time,
fracture displacement after admission, atelectasis after
medical treatment, delayed hemopneumothorax, pain
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scores according to VAS, hospital costs, partial pressure of
arterial oxygen (PaQ,) of arterial blood (24 h after surgical
treatment or conservative treatment), and partial pressure of
carbon dioxide (PaCO,) of arterial blood (24 h after surgical
treatment or conservative treatment). This is a retrospective
study, and the study was authorized by the hospital’s ethics
committee (2017L.16). All the 110 patients had clear clinical
indications for therapy.

Emergency treatment of the patients

For the 110 cases associated with serial rib fractures,
electrocardiogram monitoring and hyperoxia intake were
pursued to monitor the vital signs and provide easier
breathing for the patients, respectively. There were 18 open
chest trauma patients, and the chest trauma was sutured
in the emergency treatment. Closed thoracic drainage was
performed for the patients with severe hemothorax and/or
pneumothorax. Mechanical ventilation was used for patients
associated with severe respiratory failure before surgery. All
110 cases were treated with antibiotics, and usage ceased for
most of them when the acute inflammation was controlled.

Comorbidity and morbidity

Based on previous research, multiple rib fractures are
easy to suffer from variety of complications. The major
complications associated with thoracic trauma include
hemothorax, pneumothorax, pulmonary contusion,
pulmonary laceration, acute vascular injury, and abdominal
solid-organ injury (12,13). All such cases received prompt
specialized treatment in our research.

Treatment of the conservative group

There were 51 patients who received conservative medical
treatment, and the number of fractured ribs ranged from
2 to 12. We use a pectoral girdle or external fixator for
fixation of the fractured ribs. Additionally, we administered
anti-inflammatories, maintained acid-base balance, and
used aggressive pulmonary toilet, pain control and other
treatments according to the different patient conditions.
Closed thoracic drainage was treated for the patients
associated hemothorax and/or pneumothorax. Mechanical
ventilation was used for the patients with severe lung
damage. Analgesic therapies were administered to patients
without obvious analgesia contraindications.
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Figure 1 Clinical data of a typical case with multiple rib fractures. (A) Fractures after fixation; (B) the fractured ribs before surgery; (C) the

fixed ribs after surgery; (D) CT scan of the patient 24 h after surgery. CT, computerized tomography.

Surgical group

In all 59 patients who underwent surgery, active bleeding
and organ damage within the thorax were excluded first,
and the hydrothorax was evacuated promptly. All the
patients were treated using new pure titanium fixator plates
(YLGO02, WASTON, Changzhou, Jiangsu, China). The
patients were placed in the lateral or horizontal position
under general anesthesia. The selection of the appropriate
surgical incision was based on the site and number of
fractures. Generally, the length of the incision was between
5 and 15 cm. After incision of the skin and subcutaneous
tissue, blood clot around the fracture site was removed, the
clavicular periosteum approximately 2 cm around fracture
was lifted, and an anatomical reduction was performed. A
suitable pure titanium fixator to place on the fracture was
chosen, the rib concertrator fixation device was placed at
the two sides of the fractured rib. Special pliers were used
to further tighten the plate locking device (Figure I). We
did not attempt to fix all the fractured ribs, we fixed the
ribs that supported the chest wall. For patients with severe
associated complications, we chose to complete open-heart
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surgery first and then fix the fractured ribs. Analgesics were
used to relieve the rib fracture pain.

Statistical analysis

Quantitative variables that were approximately normally
distributed were compared using a two-sample #-test.
Dichotomous data were compared using the Pearson y’
or Fisher’s exact test. All statistical analysis was performed
using SPSS version 19.0. Continuous data are presented
as the mean = SD, and P<0.05 was considered to indicate a
significant difference.

Results
The therapeutic results of the two groups

A total of 110 patients with thoracic trauma were included
in our study. According to the statistical analysis of the
general characteristics, there was no significant difference
in basic patients’ information between the two groups
(Table 1). Fifty-nine patients received surgical treatment,
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Table 1 The clinical characteristics of the patients
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Number of cases

Clinical features 178 P
Surgery Conservative
Age (years)

>60 21 (19.1%) 25 (22.7%)

<60 38 (34.6%) 26 (23.6%) 2.027 0.155
Sex

Male 34 (30.9%) 28 (25.5%)

Female 25 (22.7%) 23 (20.9%) 0.083 0.774
Numbers of flail chest 49 19 24.306 0.000
Numbers of ICU treatment 56 46 0.903 0.342
Numbers of thoracic drainage 45 31 3.072 0.080
Number of fractured ribs 6.42+2.11 6.13+1.98 0.730 0.467

and 49 cases were diagnosed with flail chest in this group,
we used new pure titanium plates to fix the fractured
ribs, and the paradoxical respiratory movement was
corrected. There were 3.7 plates (median, 5; range, 2-12)
implanted per patient. The average duration of surgery was
85.2 min, with a range from 42 min for the implantation
of one plate to 150 min in a patient who received 12
plates, and Closed thoracic drainage was performed on the
49 patients with severe hemothorax and/or pneumothorax.
After surgery, patients with flail chest had satisfactory
correction, and the chest X-rays showed restored bilateral
thoracic symmetry. We successfully followed up 52 cases
6 months after surgery, and all were assessed by chest X-ray
or chest computed tomography (CT). We found that all the
plates were firmly fixed without breakage or detachment.
In 1 case, the plates were removed because of chronic
pain 12 months after surgery. There were 51 patients in
the conservative group, and 19 cases were diagnosed with
flail chest, Mechanical ventilation was used for 10 patients
with severe lung damage, and closed thoracic drainage was
performed on the 34 patients with severe hemothorax and/
or pneumothorax. All the 51 patients recovered successfully
and were discharged, including 1 who underwent clavicular
fixation surgery.

Clinical features of the two groups

The statistical analysis examined hospital days, ICU stay
days, indwelling thoracic drainage tube time, fracture
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displacement after admission, atelectasis after medical
treatment, delayed hemopneumothorax, hospital costs,
PaO, of arterial blood and PaCO, of arterial blood in
the two groups of patients and compared the differences
between the groups. We found that the patient arterial
PaO, and PaCO, improved significantly after surgery and
those patients in the surgery group required fewer ICU
days and less thoracic drainage tube time. Fewer patients
had associated delayed hemopneumothorax or atelectasis in
the surgical treatment group, and the pain scores by VAS
were lower in the surgical treatment group for the period
following 24 h after treatment. However, the patients
treated surgically had higher hospital costs than those
treated conservatively. No significant differences regarding
displacement occurred after treatment between the two
groups (1ables 2,3, Figures 1,2).

Mechanical ventilation for the conservative group patients

There were 7 patients in the conservative group with
associated severe pulmonary contusion, and mechanical
ventilation was employed for these patients. We used
intermittent positive pressure (IPPV) or continuous
positive airway pressure (CPAP) ventilation mode to
improve oxygenation. In addition, 2 patients who required
long-term mechanical ventilation treatment underwent
tracheotomy. Both were weaned successfully with obvious
improvement of clinical symptoms and arterial PaO, and
slower respiratory rates.
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Table 2 Postoperative features
Group
Features t p
Conservative Surgical

Hospital days (d) 18.57+5.39 13.12+4.21 5.950 <0.001
Thoracic ICU days (d) 5.06+1.80 4.02+1.41 3.398 0.001
Thoracic drainage days (d) 8.26+1.96 5.85+1.52 6.697 <0.001
PaO, (mmHg) 86.49+11.69 91.05+10.88 2.118 0.036
PaCO, (mmHg) 39.08+2.46 37.80+2.86 2.449 0.014
Hospitalization costs 4,544.61+524.79 6,206.44+371.42 19.358 <0.001

ICU, intensive care unit; PaO,, partial pressure of arterial oxygen; PaCO,, partial pressure of carbon dioxide.

Table 3 Complications of two groups

Groups Displacement after treatment (cases) Atelectasis after treatment (cases) Delayed hemopneumothorax (cases)
Surgical 1 10 7

Conservative 2 17 16

' 0.511 3.965 6.295

P 0.475 0.046 0.012

The VAS scores of patients
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Figure 2 VAS scores of the patients in the two groups after

treatment. VAS, visual analog scales.

Discussion

Multiple rib fractures can have a good prognosis if patients
receive timely therapy. The selection of the therapy mode
is an important factor regarding the therapeutic effects.
This study assessed two different treatments for multiple
rib fractures and compared the major features of the two
groups. In our study, we found that the measures of PaO,
and PaCO, improved significantly in the surgical group
because of the difficulty of correcting thoracic deformities
with conservative treatment and the decreased volume of
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the thoracic cavity (14). The complication rate was lower in
the surgical group in our study; Swart’s meta-analysis of rib
fractures drew a similar conclusion (15). While there is also
no lack of similar reports of different treatments for severe
chest trauma, the specific VAS for pain were infrequently
reported, whereas our study indicated that the patients
in the surgery group had lower VAS scores and superior
analgesia results. Additionally, although patients had higher
hospitalization expenses in the surgical group in our study,
the costs of therapy for long-term complications in the
conservative group should also be considered.

Among the many traditional management methods
for rib fractures, conservative treatment can avoid
potential surgical complications such as foreign body
reaction to the fixation material, injury to the intercostal
neurovascular structures, and delayed healing of the surgical
incision (16). However, nonoperative management may also
lead to symptomatic malunion or nonunion. Compression
dressings were always used for extensive floating of the chest
wall, and they can influence the lung function of patients,
particularly by restricting the normal lung ventilation
function. In addition, the efficacy of fixation was not always
satisfactory (17). The use of towel clips for traction of the
ribs is another treatment for severe flail chest; however,
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obtaining a satisfactory curative effect is difficult. In recent
years, growing evidence has suggested that surgery offered
a reliable and effective therapy for severe rib fractures (18).
Granetzny also reported that the operative group required
significantly fewer mechanical ventilation, thoracic ICU and
inpatient days than the conservative treatment group (19).
For patients with associated severe soft issue contusions,
repeated irrigation of the incision and standardized
antisepsis can reduce the incidence of poor incisional
healing effectively. Currently, with the development of
minimally invasive medicine, video-assisted thoracoscopy
has also been proven to be a safe and effective method
for treating multiple rib fractures (20,21). However, the
outcomes of these treatments have not been described for
specific injuries or regarding long-term quality of life.
Surgery is the predominant method of treatment for
severe thoracic trauma (22). For patients with associated
multiple fractures of multiple ribs, the fractured ribs
should be fixed to improve the respiratory and circulatory
function of the patients (23,24). Several implants have
been particularly designed for the fixation of fractured ribs.
These implants include locking plates, splints (MatrixRIB,
Synthes), U plates, claw-like plates, absorbable plates,
Judet struts, mesh wrap, memory alloy embracing fixators
and other plates (22,25). Pure titanium plates have a
competitive advantage in surgery for severe rib fractures;
according to the bio-engineering research, pure titanium
has good histocompatibility (26,27). Moreover, these
patients can undergo magnetic resonance (MR) scan or
CT scan after surgery, with no need for plate removal for
life. The (claw-like) pure titanium plates showed strong
plasticity and do not require elevation of the rib periosteum.
In addition, these plates have the advantage of simple
manipulation, which can reduce the operative time and
improve postoperative recovery. the pure titanium plate
is lightweight, which can reduce the postoperative pain.
But the all the plate has it’s disadvantage currently used,
the ideal material to perform osteosynthesis need good
histocompatibility and strong enough for the first, then
it should be easy to mold, because different people have
different shape of ribs, for the last, it would be better if the
material can absorb when the fracture ribs heal completely.
Traumatic asphyxia is a rare syndrome caused by
blunt thoracoabdominal trauma, which clearly raises the
intrathoracic pressure. It is often characterized by edema,
subconjunctival hemorrhage and petechial hemorrhage of
the face, neck and the upper parts of the thorax (28). Most
patients will recover after conservative treatment. Kantor
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et al. reported a case with permanent visual loss (29). In our
clinical experience, cases of traumatic asphyxia are often
associated with several rib fractures. For these patients, we
stabilized the respiratory and circulatory functions first.
Closed thoracic drainage was promptly accomplished for
the patients with pneumothorax, after which the fractured
ribs were fixed by surgical or conservative treatment. For
respiratory failure patients, the respiratory support mode
of positive end-expiratory pressure (PEEP) is needed to
open collapsed alveolar units. Nearly all the traumatic
asphyxia patients had associated rib fracture and pulmonary
contusion; thus, the therapy mode we tended to select for
these patients was surgical treatment.

Pain management of multiple rib fractures is necessary
throughout the full treatment course (30). Patients have
difficulty sleeping and coughing up the secretions in the
respiratory system because of pain, which can increase the
incidence of pulmonary infection and prolong the hospital
stay. The traditional treatment method for these symptoms
is the short-term use of powerful pain relievers (31). In our
study, we found that the early use of patient-controlled
intravenous analgesia (PCIA) reduced the stress response
and helped patients expectorate the secretions. The use of
PCIA also minimizes the risk of pulmonary infection. For
patients with serial rib fractures, fixation of the fractured
ribs and correction of the paradoxical breathing can also
alleviate pain. Compared with conservative treatment,
surgical treatment of multiple rib fracture has the
advantages of controlling chest wall floating and shorter
disease duration, the latter resulting from the superior
analgesic effect of PCIA in the surgical treatment group.
Therefore, surgical treatment showed advantages over
conservative treatment in pain control for multiple rib
fractures.

The character and geometry of human ribs vary. A study
showed that human ribs have a relatively thin (1-2 mm)
cortex surrounding soft marrow (32) and that individual ribs
do not have high stress tolerance. Surgical complications of
rib fractures include superficial wound infections, pleural
empyemas, plate loosening or wire migration, and fracture
nonunion (33-35). From our research, surgical fixation can
meaningfully improve the respiratory function of patients
with severe rib fractures, and the paradoxical respiratory
movement can be corrected. These results represent a
unique single-center experience, and the research findings
are likely limited due to the retrospective design of the
study. Larger studies are required to further identify the
benefits of rib fixation surgery. Large multi-center trials are
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needed to provide high evidence of better strategies for the
treatment of severe thoracic trauma, which is also our next
endeavor.
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