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Abstract 

Backgrounds  The internal fixation for rib fracture with single-operation-port (two ports) complete video-assisted 
thoracoscopic surgery (VATS) is a promising surgical approach for treating multiple rib fractures. The study aimed 
to investigate the minimally invasive surgical procedure’s clinical effect in treating multiple rib fractures.

Methods  Seventy-three patients with multiple rib fractures were divided into two groups according to surgical 
procedure. In the study group, 42 patients were operated on with the internal fixation of rib fracture with single-
operation-port complete VATS. In the control group, this study performed the open operative internal fixation for rib 
fracture with traditional thoracotomy on 31 patients. The surgical-related indexes were retrospectively analyzed. These 
included the operative time, the intraoperative blood loss, the drainage amount of the chest tube, the placement 
time of the chest tube, the postoperative hospital stay, the incidence of postoperative complications, the imaging 
efficacy of rib fixation of rib fractures, and visual analog scale of pain scoring (VAS scoring).

Results  There was no difference in the operative time between the study and control groups (P = 0.806). The intra-
operative blood loss, the chest tube drainage amount, the chest tube placement time, the postoperative hospital 
stay, and the incidence of postoperative complications in the study group were lower than those in the control group 
(P < 0.05). There was no significant difference in the imaging efficacy of rib fixation of rib fractures between the two 
groups (P = 0.806). VAS scores in the study group on the seventh postoperative day were significantly reduced com-
pared with the control group (P = 0.026).

Conclusion  The internal fixation for rib fractures with single-operation-port complete VATS is a feasible, safe, simple, 
and minimally invasive surgical procedure to treat multiple rib fractures, which is worthy of clinical application.
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Introduction
Multiple rib fractures are the most common form of 
thoracic trauma, usually caused by external forces act-
ing directly or indirectly on the chest wall. Hemopneu-
mothorax occurs from rib fractures that injure the lung 
and adjacent intercostal vessels. Multiple rib fractures 
can cause chest wall instability or “flail chest.” In the “flail 
chest,” a free-floating segment of the chest wall moves 
paradoxically with spontaneous respiration. Severe chest 
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wall pain results in hypoventilation and carbon dioxide 
retention. The combination of pulmonary contusion and 
chest wall pain leads to derangement in oxygenation and 
ventilation [1]. The open operative reduction and inter-
nal fixation treatment of multiple rib fractures with the 
“flail chest” have achieved satisfactory results. When 
open operative reduction and internal fixation of rib frac-
tures involve multiple ribs, the traditional surgery for rib 
fracture reduction and fixation requires a large incision 
to expose multiple ribs. Chest wall muscles, blood ves-
sels, and nerves are damaged, resulting in a high incision 
infection rate, chest pain, and postoperative dysfunc-
tions, such as a limited upper limb, shoulder, and back 
functions and longtime numbness on the affected side 
of the chest [2, 3]. Therefore, the damage to muscles and 
nerves caused by traditional surgical methods limits the 
development of such techniques.

In recent years, the video-assisted thoracoscopic tech-
nique has been used for rib reduction and internal fixa-
tion of multiple rib fractures. It is applied to explore the 
chest cavity, repair the injured organs, and locate rib frac-
tures, which have become necessary technical means for 
treating chest trauma [4–7]. However, the surgical pro-
cedure of thoracoscopy combined with a small incision 
performed by the traditional open-chest rib reduction 
and internal fixation results in damage to the structure 
of the chest wall and severe postoperative pain. Single-
operation-port complete VATS for internal fixation of 
rib fractures is a promising surgical procedure for treat-
ing multiple fractures. It is based on the reduction and 
internal fixation of rib fractures within the chest cavity 
that prevents injury to the structure of the chest wall. 

This study investigated the feasibility and clinical effects 
of the internal fixation for rib fracture with single utility 
port complete VATS in treating multiple rib fractures by 
retrospective analysis.

Materials and methods
Clinical materials
Seventy-three patients with multiple rib fractures admit-
ted to the hospital from June 2019 to December 2021, 
who conform to the inclusion criteria, were selected for 
the study with the approval of the hospital’s Ethics Com-
mittee. There were 54 males and 19 females, ranging from 
20 to 72  years, with a mean age of 52.67 ± 19.18  years. 
The patients were divided into the study group (42 cases) 
and the control group (31 cases) according to the surgi-
cal procedure. The study group received the internal 
fixation for rib fractures with single-operation-port com-
plete VATS. In contrast, the control group received the 
surgical open operative reduction and internal fixation 
for rib fractures with traditional thoracotomy. All clini-
cal information was from the hospital medical record and 
the perioperative follow-up. The surgical-related index, 
the imaging efficacy of rib fixation of rib fractures, and 
the visual analog scale of pain scoring (VAS scoring) were 
analyzed retrospectively. The baseline demographics and 
characteristics of seventy-three patients with multiple rib 
fractures are shown in Table 1.

Inclusion criteria
(1) Preoperative chest CT showed more than two rib 
fractures; (2) the fracture displacement was apparent; (3) 
vital signs were stable; and (4) no other fatal injury.

Table 1  Baseline demographics and characteristics of 73 patients with multiple rib fractures

Group Study group (n = 42) Control group (n = 31) Test value P value

Sex (male/female) 30/12 24/7 χ2 = 0.332 0.564

Age range (year) 20–72 27–70

Mean age (year) 54.36 ± 18.65 52.18 ± 19.84 t = 1.417 0.693

Type of injury (n) χ2 = 0.715 0.942

 Fall injury 4 3

 Traffic injury 22 18

 Crush injury 11 8

 Other 5 2

Number of rib fractures 4.86 ± 1.92 5.29 ± 1.92 t = 0.344 0.953

Location of rib fracture (n)

 Unilateral chest wall 31 19

 Bilateral chest wall 11 12

Multiple injuries (n) χ2 = 0.047 0.828

 Yes 36 26

 No 6 5

ISS score 8.88 ± 1.69 8.71 ± 1.32 t = 0.469 0.640
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Exclusion criteria
(1) Pathological fracture; (2) complicated with severe 
osteoporosis and severe immune system disease; (3) 
complicated with heart, and significant vessels injury 
and bronchial rupture; (4) complicated with pulmonary 
infection; (5) complicated with mental disorder and 
physical activity disorder before operation.

Surgical procedure
This study selected the general anesthesia method, and 
lung isolation was used with a double-lumen endotra-
cheal tube or bronchial blocker placed through an 
existing single-lumen endotracheal tube.

The internal fixation for rib fracture with single-oper-
ation-port complete VATS was performed on the study 
group. The specialized surgical instruments and reverse 
memory alloy rib plate for thoracoscopy are shown in 
Fig.  1A. The principle of small incision selection was 
that a certain space distance between the operative hole 
and the target rib facilitated the surgical instrument’s 
operation. A 4 cm incision in the fourth or fifth inter-
costal and the axillary frontline was selected as the 
main operative hole. A 2  cm incision in the seventh 
or eighth intercostal and the axillary middle line were 
chosen as the observation and the assisting-operative 
holes, respectively. The positions of incisions were 
adjusted according to the three-dimensional recon-
struction of chest CT (Fig. 1B), combined with locating 
the positions of the rib fractures. This study observed 
the intrathoracic conditions and the positions of obvi-
ous dislocation or broken ribs of the pleura using the 
thoracoscopy (Fig.  1C). Obvious dislocation or bro-
ken ribs of the pleura were located. Then, hemotho-
rax cleaning, hemostasis, and repair of lung rupture 
were completed under the thoracoscopy guidance. The 
electro-hook incised the pleura of the upper and lower 
edges of the rib fracture at the 4 cm end. The dislocated 
rib fracture was reduced using “peach shape” reduc-
tion forceps (Fig. 2A) and/or puncture reduction hook 
(Figs. 1D, 2B, and C). The fully cooled reverse memory 
alloy rib plate (TiNi encircling plate 6Z16-100, Lan-
zhou XiMai Memory Co., Ltd.) was delivered to the 
target rib with the help of a thoracoscopic rib plate 
placement instrument (Fig.  2D) and thoroughly draw-
ing along sutures (Fig.  2E). This process made the tip 
of the reverse memory alloy rib plate’s encircling arm 
pierce into the upper and lower edges of the fractured 
ribs (Fig.  2F). The encircling arm of the reverse mem-
ory alloy rib plate was washed with sterile hot saline 
at 45  °C, restored to its original shape, and fixed the 
fractured ribs at the periosteum of the internal cortex 
of the rib (Fig. 1E). After flushing the chest cavity and 

suturing the incision, a chest tube was placed in the 
observation hole to drain the chest cavity.

The open-operative internal fixation for rib frac-
ture with traditional thoracotomy was performed in 
the control group. According to the three-dimensional 
reconstruction of chest CT and ribs, combined with 
body surface compression, at the center of the broken 
and gathered area of chest ribs on the affected side, the 
10–15 cm incision was made along the shape of the ribs, 
the skin, subcutaneous tissue. The muscles were cut layer 
by layer, and the fracture lines were fully exposed. Appro-
priate intercostals were selected, and intercostal muscles 
were cut. Rib retractors were used to stretch into the 
chest to complete hemothorax cleaning, hemostasis, and 
repair of lung rupture. The ribs with obvious dislocation 
and supporting function were selected and freed to the 
line of rib fracture 3 cm at both ends. The obvious dislo-
cated rib fractures were reduced. The fully cool memory 
alloy plates (TiNi encircling plate, 4HLIII14-45H, Lan-
zhou XiMai Memory Co., Ltd.) were put on the broken 
position of rib fracture and washed using sterile hot 
saline at 45  °C. This procedure made an encircling arm 
of memory alloy rib plate to surround the rib at the peri-
osteum of the external cortex of the rib and fixed for all 
broken ribs. At the end of the operation, a chest tube was 
placed to complete the operation.

Evaluation of clinical indexes

1.	 Surgical-related indexes included the operative time, 
intraoperative blood loss, and chest tube drainage 
amount. It also included the placement time of the 
drainage tube, postoperative hospital stay, and post-
operative complications (pulmonary infection, ate-
lectasis, and pleural effusion).

2.	 The evaluation criteria for the imaging efficacy of rib 
fixation of rib fracture are as follows: Excellent: the 
rib is completely reduced, and the rib plate is firmly 
fixed. Good: ribs are slightly displaced, and the rib 
plate is fixed firmly. Poor: the ribs are obviously dis-
placed, and the rib plate is not firmly fixed. The post-
operative chest radiography was examined on the 
third or fourth day after surgery.

3.	 Visual analog scale of pain scoring (VAS scoring) was 
assessed for the degree of preoperative and postoper-
ative chest pain before the operation and on the sev-
enth postoperative day (the pump to relieve the pain 
was discontinued on the third postoperative day). 
VAS scoring was as follows: 0 (no pain), 10 (more 
severe pain), 0–2 (mild pain), 3–5 (moderate pain), 
6–8 (severe pain), and 8–10 (more severe pain). The 
higher the score, the more severe the pain [8].
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Statistical analysis
This study used SPSS22.0 software to analyze all data. 
The measured data were expressed as (x ± SD) and were 
analyzed using the t-test. The enumeration data were 
analyzed using the chi-square test. The data of postop-
erative hospital stay were analyzed using the log-rank 
(mantel-cox) test. A P-value < 0.05 showed a significant 
statistical difference.

Results

1.	 Baseline data of study and control groups: 73 patients 
with multiple rib fractures conformed to inclusion 
criteria. The patients were divided into study and 
control groups according to the surgical method. 
The baseline clinical variables of the two groups 
showed no significant difference by statistical analy-

Fig. 1  A The specialized instruments and the reverse memory alloy rib plate for complete VATS. ① Curving shape electro-hook, ② curving sucker, 
③ puncture reduction hook, ④ “peach shape” reduction forceps, ⑤ thoracoscopic rib plate placement instrument, ⑥ reverse memory alloy rib 
plate. B A 26-year-old male patient was injured in a traffic accident. The fractures of ribs third, sixth, seventh, eighth, ninth, and 12th on the left side 
were revealed by chest CT and 3D reconstruction. The fractures of the sixth, eighth, and ninth ribs were obviously dislocated. Single-operation-port 
complete VATS for internal fixation of rib fracture was performed on the third day after chest trauma. C The sixth rib fracture, which was obviously 
displaced and punctured the pleura, was observed by thoracoscopy. D The sixth rib fracture was completely reduced. E A reverse memory alloy 
rib plate fixed the fractured sixth rib at the periosteum of the rib’s internal cortex. F Postoperative chest radiography showed that the sixth, eighth, 
and ninth ribs were completely reduced, and the rib plates were firmly fixed
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Fig. 2  Schematic diagram of the reduction and fixation of rib fracture with single-operation-port complete VATS. A The distal rib of the fracture 
was pushed outward and upward with “peach shape” reduction forceps to achieve rib fracture reduction. B, C The puncture reduction hook 
penetrated the chest wall on the upper or lower rib edge at the fracture’s distal rib into the chest cavity and then rotated to hook the distal 
rib by pulling it upwards. The proximal end of the rib fracture was pushed outward to complete the reduction of the rib fracture combined 
with the “peach shape” reduction forceps. D The reverse memory alloy rib plate was delivered to the target rib with the help of the endoscopic 
rib plate placement instrument, which had a movable joint that moved forward and backward 45 degrees. It made the encircling arm’s tip 
of the reverse memory alloy rib plate pierce into the upper and lower edges of the fractured ribs and encircle the fractured ribs at the rib’s 
internal cortex. E A straight needle with thread was punctured 2 cm on both sides of the rib fracture line at the upper or lower edge of the rib 
in the thoracic cavity. The thread was pulled out through the chest wall as a traction line. The intrathoracic traction line was drawn from inside the 
chest along the main operating hole to the outside of the chest. The traction line bound the rib plate around the encircling arm side hole. 
By pulling the traction line outside the chest wall, the pre-cooled reverse memory alloy rib plate was drawn into the chest, and was placed 
on the target rib along the sutures pulling up. It made the tip of the encircling arm of the reverse memory alloy rib plate to pierce into the upper 
and lower edges of the fractured rib and F encircle the fractured ribs at the internal cortex of the rib
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sis (Table  1). Therefore, the surgical-related index, 
the imaging efficacy of rib fixation of rib fracture and 
VAS score were comparable between the two groups.

2.	 Comparison of surgical-related indexes between the 
study and control groups: There was no significant 
difference in operative time between the two groups 
(P = 0.806) (Table  2). The intraoperative blood loss, 
the drainage amount of the chest tube, the placement 
time of the chest tube, and postoperative hospital 
stay in the study group were significantly lower than 
those in the control group (P < 0.05) (Table 2) (Fig. 3). 
There were no significant differences in the incidence 
of pulmonary atelectasis, pulmonary infection, and 
pleura effusion between the two groups (P > 0.05). 
However, the incidence of postoperative complica-
tions in the study group was significantly less than in 
the control group (P = 0.031).

3.	 Comparison of the imaging efficacy of rib fixation of 
rib fracture between the study and control groups: 
the chest radiography was examined on the post-
operative third or fourth day (Fig.  1F). There was 
no significant difference in the imaging efficacy of 
rib fixation of rib fracture between the two groups 
(P = 0.806) (Table 3).

4.	 Comparison of VAS scoring between the study and 
control groups before operation and the seventh 
postoperative day: there was no significant differ-
ence in preoperative VAS scoring between the two 
groups (P = 0.371) (Table 4). However, on the seventh 
postoperative day, VAS scoring in the two groups 
was lower than before surgery (P < 0.05). The VAS 
scoring of the study group was significantly reduced 
compared to that of the control group on the seventh 
postoperative day (P = 0.026).

Table 2  Comparison of operation-relative indexes between the study and control groups

Group Study group (n = 42) Control group (n = 31) Test value P value

Operative time (min) 84.23 ± 21.34 87.76 ± 18.61 t = 1.033 0.806

intraoperative blood loss (ml) 65.58 ± 18.29 116.75 ± 20.06 t = 8.355 0.024

Placement time of drainage tube (d) 3.13 ± 1.09 5.87 ± 1.23 t = 7.142 0.036

Drainage amount of chest tube (ml) 102.25 ± 28.27 154.05 ± 26.81 t = 6.083 0.033

Postoperative complications χ2 = 4.638 0.031

Pulmonary infection 1 (2.3%) 3 (9.6%) χ2 = 1.833 0.305

Atelectasis 0 (0%) 2 (6.4%) χ2 = 2.786 0.177

Pleural effusion 3 (7.1%) 4 (12.9%) χ2 = 0.683 0.448

Fig. 3  Comparison of postoperative hospital stay (d) 
between the study and control groups [log-rank (mantel-cox) test]

Table 3  Comparison of the imaging efficacy of rib fixation of rib fracture between the study and control groups

Group n Excellent Good Poor χ2 value P value

Study group 42 26 (61%) 14 (29%) 2 (4%) 0.302 0.860

Control group 31 21 (67%) 9 (33%) 1 (3%)

Table 4  VAS scoring comparison before and after surgery 
between the study and control groups

Comparison before with after surgery in the study group, t = 13.396, P = 0.008

Comparison before with after surgery in the control group, t = 6.813, P = 0.015

Group Study group 
(n = 42)

Control 
group 
(n = 31)

t value P value

Pre-operation 7.07 ± 2.26 7.42 ± 1.52 0.139 0.371

Postoperative 7th 
day

2.13 ± 1.35 4.38 ± 2.04 5.515 0.026
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Discussion
The treatment of rib fractures is divided into conservative 
and surgical treatments. In both treatments, it is crucial 
to maintain the stability of the chest wall. Maintaining 
the stability of the chest wall can reduce the degree of 
chest pain and restore the patient’s normal breathing [9]. 
Conservative treatment often uses chest band pressure 
bandaging, rib traction, and ventilator-assisted breathing. 
However, non-operative treatment has many complica-
tions, such as prolonged treatment times, obvious pain, 
slow healing, and other shortcomings. With the develop-
ment of surgical materials and thoracic surgeons’ under-
standing of the disease, it has been gradually accepted 
that internal fixation of rib fractures as soon as possi-
ble to eliminate a series of problems caused by thoracic 
instability, and the advantages of surgical treatment have 
become increasingly prominent [10]. Some surgical indi-
cations have reached a consensus in the treatment field 
for multiple rib fractures [11–16].

The traditional thoracotomy with reduction and inter-
nal fixation of rib fracture has some disadvantages. It 
requires large incisions, causes considerable injury, has 
long postoperative recovery times, and offers a high inci-
dence of postoperative complications. In recent years, 
video-assisted thoracoscopy has been more widely used 
in the emergency treatment of chest trauma. Video-
assisted thoracoscopy detected the injuries of the 
intrathoracic lung, diaphragm, and other organs and 
observed the ribs with obvious dislocation. Following 
the site of ribs of the obvious dislocation and support-
ing function, a small chest wall incision was selected to 
repair the laceration of the lung, diaphragm, and injuries 
of other organs, and the complete open reduction and 
internal fixation of rib fracture were performed [17–20]. 
Although a small incision of the chest wall incision was 
selected, the open reduction and internal fixation of rib 
fracture caused damage to the chest wall muscles, nerves, 
and intercostal muscles, leading to chest pain and mus-
cular dysfunction of the chest wall.

Thoracoscopy affords comprehensive visualization 
of the entire chest wall. The advantages of completely 
thoracoscopic reduction and fixation of rib fractures 
over extra-thoracic and combined surgical approaches 
may improve the exposure of rib fractures and mini-
mize the injury to the extra-thoracic and intra-thoracic 
structures. Complete thoracoscopic surgery has been 
performed to reduce and fix rib fractures. However, it is 
not considered a standard surgical procedure in clinical 
practice due to the limitations of surgical instruments 
and rib-fixed materials. Su et al. [21] reported that total 
VATS for internal rib fixation of multiple rib fractures 
using implanted NiTi memory alloy rib plate and absorb-
able rib nail was performed on three patients. SU’s total 

thoracoscopic reduction and fixation of rib fracture 
within the thoracic cavity was technically feasible in 
selected patients. However, the surgical procedure was 
complex and unsuitable for fixing multiple rib fractures 
in the axillary area and scapular chest walls. Pieracci et al. 
[4] reported a patient with multiple rib fractures who 
received completely thoracoscopic intra-pleural reduc-
tion and fixation of rib fractures using a screw plate in 
the thoracic cavity. The advantage of surgical procedures 
is that the thoracic cavity can be explored while reduc-
ing and fixing the rib fractures is completed. However, 
the operation in the thoracic cavity is limited, and the 
reduction and fixation of rib fracture are difficult and 
has high requirements. Zhang et al. [9] reported that 31 
patients with multiple rib fractures were performed with 
the complete VATS for internal fixation of rib fractures 
with a memory alloy plate within the chest cavity, achiev-
ing safe, feasible, and satisfactory results. Although the 
advantages of complete VATS for internal fixation of rib 
fractures have been detailed in treating multiple frac-
tures, no studies have compared this surgical procedure 
directly to extra-thoracic surgical stabilization of rib frac-
tures or non-operative management. Such studies will 
need to focus on the typical surgical-related parameters, 
the imaging efficacy of rib fixation of rib fracture, and 
postoperative chest pain.

The proposed surgical procedure was the internal fixa-
tion for rib fracture with single-operation-port complete 
VATS. Two small incisions were required: a 4 cm as the 
primary operative hole and a 2 cm as the observation and 
assisting-operative holes. The position of the rib fractures 
where the broken end of the rib fracture perforated the 
pleura or the subpleural hematoma occurred was iden-
tifiable under thoracoscopic observation. It was easy to 
expose the rib fracture end by incising the parietal pleura 
along the upper and lower edges of the rib. The rib was 
freed close to the lower edge of the rib to avoid damage 
to the intercostal nerves and blood vessels. For the pos-
terior rib fractures, surgical direction from front to back, 
the reduction and fixation of the rib fractures were rela-
tively easy using “peach shape” reduction forceps and the 
thoracoscopic rib plate placement instrument. The angle 
adjustment of the thoracoscopic rib plate placement 
instrument caused the reverse memory alloy rib plate 
to match the curvature and angle of the internal cortex 
of the rib in the chest cavity. It ensured that the reverse 
memory alloy rib plate was completely consistent with 
the shape of the target rib. For anterior and lateral rib 
fractures, the puncture reduction hook reduced the dis-
located rib fracture, combined with the help of surgical 
instruments from the accessory operating hole. The pull-
ing sutures delivered the reverse memory alloy rib plate 
to the target rib fracture and fixed the rib fractures at the 
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periosteum of the internal cortex of the rib. Single utility 
port complete VATS for internal fixation of rib fracture 
thoroughly accomplished the reduction and fixation of 
rib fractures within the chest cavity. This minimally inva-
sive surgical procedure avoided injuries to the chest wall 
and intercostal muscles, intercostal vessels, and intercos-
tal nerves.

To the best of the authors’ knowledge, this is one of the 
first studies to compare the postoperative outcome of a 
single utility port complete VATS for internal fixation of 
rib fracture versus open internal fixation of rib fracture 
with the traditional thoracotomy. In this retrospective 
study, the statistical analysis showed no significant dif-
ference between the baseline clinical variables of the two 
groups. The analysis minimized the influence of poten-
tial selection bias between the two groups. Therefore, the 
two surgical techniques were comparable. Compared to 
the control group, the intraoperative blood loss, chest 
tube drainage amount, chest tube placement time, post-
operative hospital stay, and postoperative complications 
significantly declined in the study group. These results 
demonstrated the advantages of the reduction and inter-
nal fixation for rib fractures with complete VATS. First, 
complete thoracoscopic reduction and internal fixation 
of rib fracture was performed to achieve rib reduction 
and internal fixation within the thoracic cavity. The rib 
was freed, and the rib end was exposed under the pleura 
without damaging the intercostal muscle, chest wall mus-
cle, blood vessels, and nerves. Intraoperative bleeding 
was significantly decreased, and the postoperative chest 
pain was mild. Second, the thoracoscopic-assisted clean-
ing of the pleural cavity was more thorough, the pleu-
ral effusion was limited, and the thoracic drainage tube 
placement time was significantly shortened. VAS scoring 
was significantly reduced in two groups, especially in the 
study group. It shows that the stability of the chest wall 
can decline the degree of chest wall pain. The relief of 
chest pain and stabilization of the chest wall improved 
the movement of the chest wall as soon as possible, 
which reduced the occurrence of pulmonary infection 
and atelectasis.

In the study group, single-operation-port complete 
VATS for internal fixation of rib fracture had fewer and 
smaller surgical incisions, less surgical trauma, milder 
chest pain, and fewer complications. These advantages 
are associated with the patient’s quick recovery and a 
shorter postoperative hospital stay. The evaluation of the 
imaging efficacy of postoperative internal fixation for rib 
fractures showed no significant difference between the 
two groups. It suggested that the efficacy of the inter-
nal fixation for rib fracture with single-operation-port 
complete VATS might be comparable to open internal 
surgical fixation for rib fracture. Despite no difference 

in operative time between the two surgical procedures, 
developing a new surgical technique required a particular 
learning curve. The operative time would be significantly 
shortened with an increase in the number of completed 
surgical cases.

The internal fixation of rib fractures with single-oper-
ation-port complete VATS is a safe, feasible, and simple 
surgical procedure for treating multiple rib fractures. It is 
a less invasive surgery, causes less pain, and offers quick 
recovery after surgery, which complies with enhanced 
recovery after surgery (ERAS). The complete thoraco-
scopic technique is especially suitable for fixing rib frac-
tures in the axillary, scapular, and female breast areas. 
These rib fractures are challenging to expose with tra-
ditional thoracotomy. This study has some limitations. 
Since a small sample of cases was collected in this study, 
statistical analysis results might be biased. More cases 
need to be collected for further study. The study inves-
tigated the short-term clinical effect of single-operation-
port complete VATS for internal fixation of rib fracture. 
The long-term outcome of the minimally invasive surgi-
cal procedure in treating multiple rib fractures will be 
observed.

Conclusion
The internal fixation of rib fractures with single-opera-
tion-port complete VATS is a feasible, safe, simple, and 
minimally invasive surgical procedure in treating multi-
ple rib fractures, which is worthy of clinical application.
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