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Abstract. Percutaneous minimally invasive surgery (PMIS) 
is the most common surgical procedure used in patients with 
fractures in the thoracic spine. In the present study, the benefits 
of PMIS compared with the conventional open surgery (COS) 
were investigated in patients with thoracic spine fractures. 
A total of 84 patients were recruited in the current analysis. 
Inflammatory responses were measured in all patients subse-
quent to PMIS and COS. It was demonstrated that PMIS 
produced reduced inflammatory responses as compared with 
COS in clinical patients. In addition, the results revealed that 
kyphosis, anterolisthesis and the neurological state were signif-
icantly improved in patients subjected to PMIS compared with 
those receiving COS (P<0.01). The mean values of bone reduc-
tion and fracture correction loss were similar in the PMIS and 
COS groups (4.5 degrees). Furthermore, the outcomes indi-
cated that the sensitivity for fracture localization to the correct 
vertebra was 0.90 in PMIS and 0.92 in COS (P>0.05). It was 
observed that patients who had undergone PMIS required 
reduced hospitalization time compared with the COS‑treated 
patients (P=0.026). Additionally, the mean bleeding volume 
during surgery was 538 ml in the PMIS patients and 845 ml 
in the COS patients. Regarding physical activity, patients who 
underwent PMIS were relative more active compared with the 
COS patients (P=0.038) in a 14‑day observation. In conclu-
sion, the current clinical analysis indicated that PMIS was 
more beneficial for the treatment of patients with fractures in 
the thoracic spine, and the study provided further evidence for 
the management thoracic spine injuries.

Introduction

Fractures in the thoracic spine are a result of thoracolumbar 
bone damage caused by external forces (1). These injuries 
frequently occur in young patients with high‑energy injuries 
caused by car accidents, falling from a height and other 
accidents (2). Merging neural function damage is one of the 
most common complications in patients with thoracolumbar 
fractures, which frequently results in great difficulties and 
challenges in treating these patients (3). Singh et al (4) have 
demonstrated that cervical and lumbar spine injuries and 
rib fractures are significantly associated with the causes of 
thoracic spine injury. Additionally, traumatic thoracic spine 
fractures often lead to inter‑ and intraobserver injury of 
vertebral, local and segmental kyphosis in lateral X‑rays, and 
appropriate studies should be performed prior to providing 
general recommendations by surgeons (5,6).

Percutaneous minimally invasive surgery (PMIS) is a 
small trauma surgery performed using an auxiliary laparo-
scope, thoracoscope and other modern medical instruments to 
perform the surgery (7,8). PMIS is the most common surgical 
procedure used for patients with fractures in the thoracic 
spine (9). A meta‑analysis has indicated minimally invasive 
direct coronary artery bypass graft surgery or percutaneous 
coronary intervention for proximal left anterior descending 
artery stenosis may decrease the risk for target vessel inter-
ventions (10). Kwan et al (11) have also demonstrated that 
minimally invasive spinal stabilization combined with the use 
of fluoroscopic‑guided percutaneous screws can be regarded 
as a type of palliative surgery in patients with spinal metas-
tasis. In addition, PMIS presents more advantages compared 
with open spine surgery in the treatment of fractures of the 
thoracolumbar junction, as suggested by a comparative effec-
tiveness review (12). Furthermore, PMIS combined with all 
methods, including pedicle screw fixation and vertebroplastry 
with grafting has been investigated in preventing grafting for 
new thoracolumbar burst fractures in a previous study (13).

In the present study, the benefits of PMIS and conventional 
open surgery (COS) in the treatment of patients with fractures 
in the thoracic spine were compared. The study observed that 
PMIS decreased the postoperative infection rate and inflam-
matory responses. It was also demonstrated that the kyphosis, 
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anterolisthesis, neurological state and hospitalization time 
were significantly improved in patients with fractures in the 
thoracic spine subsequent to PMIS.

Materials and methods

Patients. The current clinical trial (approval number, 
CZHA2010M0430) was conducted in strict accordance with 
the recommendations provided in the Guide for the Care 
and Use of clinical study of Pharmaceutical Administration 
Measures for Implementation  (14). The current study was 
approved by the ethics committee of Changzheng Hospital 
Affiliated to the Second Military Medical University. All 
patients were required to provide written informed consent 
prior to participation in the current study. In total, 84 patients 
with fractures in the thoracic spine (T4‑10) who were surgi-
cally treated at Changzheng Hospital Affiliated to the Second 
Military Medical University (Shanghai, China) between May 
2010 and June 2015 were enrolled into the present study. 
Exclusion criteria for patients with fractures in the thoracic 
spine were based on the diagnostic outcomes of radio-
graphs, computed tomography scan and magnetic resonance 
imaging (15). The sensitivity of PMIS and COS for fracture 
localization was determined by the actual fracture to fracture 
diagnosed by PMIS or COS as described previously (16).

ELISA. Blood samples (10 ml) were obtained from patients 
with fractures in the thoracic spine on day 7 after PMIS or COS. 
Serum was obtained from blood samples after centrifugation 
at 4,000 x g for 10 min at 4˚C The serum levels of interleukin 
(IL)‑1 (cat no. 88‑7261‑22; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), IL‑17 ((cat no. BMS2037‑2; Thermo 
Fisher Scientific, Inc.), tumor necrosis factor α (TNF‑α; 
KHC3014; Thermo Fisher Scientific, Inc.) and IL‑6 (KHC0062; 
Thermo Fisher Scientific, Inc.) were analyzed using ELISA 
kits, according to the manufacturer's protocol. Subsequently, 
the serum concentration levels of IL‑1, IL‑17, TNF‑α and IL‑6 
were measured by an enzyme microplate reader at 450 nm.

Analysis of physical activity. The physical activity of patients 
with fractures in the thoracic spine on day 7 after PMIS or COS 
was measured as described previously (17). Briefly, following 
the PMIS or COS, the patients received a functional training 
program initiated by the nurses in addition to the usual physio-
therapy. The functional training program included walking in 
the corridor for 30 min each day, and was targeted to the level 
of difficulty relevant for each participant.

Analysis of visual analog scale (VAS) and Japanese 
Orthopedic Association (JOA) scores. The VAS and JOA 
scores for patients with fractures in the thoracic spine were 
investigated 7 days following PMIS or COS. The patients 
were requested to report their pain levels using a 10‑cm VAS 
scoring system (18). All patients were able to self‑rate their 
pain. Furthermore, the JOA score was used to evaluate the 
clinical neurological symptoms and neurological status of the 
patients as described in a previous study (19).

Anterolisthesis and neurological state. Anterolisthesis was 
observed in patients with fractures in the thoracic spine on 

day 7 after PMIS or COS (20). Briefly, the neurological state 
of patients who had undergone PMIS or COS was determined 
using the American Spinal Injury Association (ASIA) scale, 
as described previously (21). Each patient's neurologic status 
was classified between grade 1 (complete paraplegia) and 
grade 5 (normal neurologic status). The presence of kyphosis 
and anterolisthesis was assessed according to radiographic 
deformities (22). The reduction and correction loss of patients 
with fractures after PMIS or COS was analyzed as described 
previously (23).

Statistical analysis. The data are expressed as the mean ± stan-
dard error in each experiment. Statistical differences between 
groups were assessed using one‑way analysis of variance in six 
replicate experiments, along with the post‑hoc Dunnett's test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Characteristics and inflammation of patients with fractures 
in the thoracic spine subsequent to receiving PMIS and COS. 
CT scanning confirmed the location of the fractures in the 
thoracic spine of patients before and after surgery of PMIS 
or COS (Fig. 1). In total, 48 patients (84%) were men and 36 
(16%) were women, with a mean age of 32.60±10.28 years. A 
total of 42 patients received PMIS and 42 patients received 
COS. The characteristics of patients are listed in Table I. On 
day 7 after PMIS or COS, the serum levels of inflammatory 
cytokines in the patients were analyzed by ELISA. As shown 
in Fig. 2A‑D, the IL‑1, TNF‑α, IL‑17 and IL‑6 serum levels 
were significantly lower in PMIS patients when compared 
with the COS patients (P<0.01). These results indicate that 
the inflammatory risk was reduced following PMIS compared 
with COS for patients with fractures in the thoracic spine.

Comparison of hospitalization time for fracture localization 
between patients with fractures in the thoracic spine receiving 
PMIS and COS. The results demonstrated that the sensitivity 
for fracture localization to the correct vertebra was 0.90 in 
PMIS and 0.92 in COS, and was not significantly different 
between the two groups (Fig. 3A; P>0.05). In addition, the 
mean values of reduction and correction loss were similar 
in the PMIS and COS groups (Fig. 3B; 4.5 degrees; P>0.05). 
It was also observed that patients who underwent PMIS 
required a markedly reduced hospitalization time compared 
with patients who underwent COS (Fig. 3C; P=0.026). These 
observations indicate that PMIS is beneficial in reducing the 
hospitalization time following surgery in patients with thoracic 
spine fractures.

Comparison of kyphosis, anterolisthesis, neurological state 
and physical activity following PMIS or COS in patients 
with fractures in the thoracic spine. As shown in Fig. 4A, 
the kyphosis score was significantly improved in patients 
subsequent to PMIS as compared with patients who received 
COS (Fig. 4A; P<0.05). It was also observed that the antero-
listhesis and neurological state were significantly improved in 
patients receiving PMIS as compared with patients receiving 
COS (Fig. 4B and C; P<0.01). Notably, regarding the level 
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of physical activity, patients who had undergone PMIS were 
evidently more active when compared with the COS patients 
(P<0.05; Fig. 4D). These findings indicate that PMIS was able 
to increase the physical activity of patients with fractures in 
the thoracic spine as compared with the COS procedure.

Comparison of physical condition following PMIS or COS in 
patients with fractures in the thoracic spine. In the present 
study, the mean follow‑up period of patients was 6 months. 
The mean surgery duration was ~170 min (range, 120‑294 min) 
in the PMIS and COS groups, which was not significantly 
different the two groups (P=0.870; Fig. 5A). It was observed 
that the mean bleeding volume during surgery was 538 ml in 
the PMIS group and 845 ml in the COS group, with a signifi-
cantly reduced blood loss observed during PMIS (Fig. 5B; 
P=0.023). Furthermore, the mean JOA and VAS scores in 
patients who had undergone PMIS were significantly improved 
in comparison with those in patients who had undergone COS 
(Fig. 5C and D; P < 0.01). Collectively, these results suggest that 
PMIS presented a superior performance when compared with 
COS in patients with fractures in the thoracic spine.

Discussion

Traumatic fractures in the thoracic spine are common world-
wide, and are derived from a strong impact force damaging the 
sternum (24,25). PMIS is a type of minimally invasive surgery 
performed using a laparoscope, thoracoscope or endoscope, 
which causes fewer injuries and surgery‑associated defects as 
compared with the COS procedure (8,26). It has been suggested 
that PMIS presents certain advantages for the treatment of 

patients with fractures in the thoracic spine (13,27). Thus, the 
present study compared the differences between PMIS and 
COS performed in patients with fractures in the thoracic spine. 
The results indicated that the inflammatory risk and hospital-
ization time were significantly reduced subsequent to PMIS as 
compared with COS in patients with fractures in the thoracic 
spine. It was also observed that the physical activity, bleeding 
volume, as well as the mean JOA and VAS scores, were mark-
edly improved in patients undergoing PMIS compared with 
those in patients undergoing COS.

A previous study has indicated the PMIS is a reliable 
method in fracture management  (28). Pan  et  al  (29) have 
also indicated that treatment of children with supracondylar 
fracture of the humerus using PMIS decreased the recovery 
time, hospitalization days and blood transfusion rate. In 
addition, minimally invasive posterior decompression 
combined with percutaneous pedicle screw fixation has been 
demonstrated to achieve a similar effect with COS for the 
treatment of thoracolumbar fractures with neurological defi-
cits (27). Furthermore, the efficacy and safety of simultaneous 
combined minimally invasive percutaneous nephrolithotomy 
and flexible ureteroscopic lithotripsy was investigated in the 
treatment of partial staghorn calculi, and was observed to be 
more efficient compared with the conventional minimally 
invasive percutaneous nephrolithotomy monotherapy, without 
additional procedure‑associated complications  (30). In the 
current study, the results indicated that PMIS presented a 
superior performance to COS for the treatment of patients with 
fractures in the thoracic spine. It was also demonstrated that 
the anterolisthesis and neurological state were significantly 
improved in patients receiving PMIS as compared with those 
receiving COS. Notably, the study findings further suggested 
that there were significant differences between PMIS and COS 
as determined by the VAS score, JOA score and ASIA grade of 
the patient symptoms.

Although a previous review revealed that PMIS has a 
comparative effectiveness and safety with COS in the treat-
ment of fractures of the thoracolumbar junction (12), further 
investigation on the effectiveness of PMIS in the treatment 

Table I. Characteristics of patients with fractures in the thoracic 
spine (n=84).

Characteristics	 Men	 Women

Number	 48	 36
Age range, years	 22.3‑54.8	 24.6‑58.2
Cause of injury, n		
  Car accident	 32	 21
  Fall from height	 16	 15
Site of fracture, n	‑	‑ 
  T4/T5	 10	 8
  T6/T7	 12	 12
  T8/T9	 14	 7
  T9/T10	 12	 9
COS	 24	 18
PMIS	 24	 18

Figure 1. Representative images of patients with fractures in the thoracic 
spine prior to and post treatment with PMIS and COS determined by 
computed tomography. PMIS, percutaneous minimally invasive surgery; 
COS, conventional open surgery.
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of thoracic spine fractures is required. In the current study, 
clinical analysis indicated that PMIS presents more benefits for 
patients with fractures in the thoracic spine, while the study also 
improved the understanding on the management of thoracic 
spine injuries. In addition, previous studies have demonstrated 

that posterior instruments of PMIS may improve the thera-
peutic efficacy for patients with fractures (31,32). However, 
additional studies with larger samples and extended follow‑ups 
are required to further assess the efficacy of this minimally 
invasive surgical technique for the treatment of thoracic spine 

Figure 2. Comparison of inflammation between the thoracic spine fracture patients receiving PMIS or COS. The serum levels of (A) IL‑1, (B) TNF‑α, 
(C) IL‑17 and (D) IL‑6 in patients with fractures in the thoracic spine were measured by ELISA subsequent to PMIS or COS. **P<0.01. PMIS, percutaneous 
minimally invasive surgery; COS, conventional open surgery; IL, interleukin; TNF‑α, tumor necrosis factor α.

Figure 3. Comparison of (A) sensitivity, (B) mean values of reduction and correction loss, and (C) hospitalization time for fracture localization between the 
PMIS and COS patients with fractures in the thoracic spine. The sensitivity for fracture localization and the reduction loss were not significant different 
subsequent to PMIS or COS. Patients who underwent PMIS presented reduced hospitalization time compared with patients who underwent COS. **P<0.01. 
PMIS, percutaneous minimally invasive surgery; COS, conventional open surgery.
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fracture (33,34). In the present study, a large number of clinical 
patients were recruited to analyze the advantages of PMIS as 
compared with those of COS. However, long‑term differences 

(>1 year) between PMIS and COS in patients with fractures 
in the thoracic spine were not compared, which is a limitation 
of the current study. Additionally, the study was only able to 

Figure 4. Comparison of physical activity between PMIS and COS patients with fractures in the thoracic spine. (A) The kyphosis rate, (B) anterolisthesis rate, 
and (C) neurological state (according to the ASIA grade) were markedly improved in patients who underwent PMIS as compared with those who underwent 
COS. (D) The physical activity results indicated that patients who underwent PMIS were more active compared with patients who underwent COS. *P<0.05 and 
**P<0.01. PMIS, percutaneous minimally invasive surgery; COS, conventional open surgery; ASIA, American Spinal Injury Association.

Figure 5. Comparison of physical condition between the PMIS and COS patients with fractures in the thoracic spine. (A) The surgery duration was similar for 
patients with fractures in the thoracic spine receiving PMIS and COS. (B) PMIS improved the bleeding volume during surgery for patients with fractures in the 
thoracic spine compared with COS. The mean (C) JAO and (D) VAS scores were decreased in patients with fractures in the thoracic spine who received PMIS 
compared with COS. **P<0.01. PMIS, percutaneous minimally invasive surgery; COS, conventional open surgery; VAS, visual analog scale; JOA, Japanese 
Orthopedic Association.
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provide short‑term inflammation and neurologic data, and thus 
long‑term results should be investigated in future studies.

In conclusion, the present study suggested that PMIS 
has a superior performance in patients with thoracic spine 
fractures as compared with COS. It is indicated that PMIS is 
more beneficial in decreasing inflammation and blood loss for 
the treatment of patients with fractures in the thoracic spine. 
However, further studies are required to verify these findings 
in clinical patients with fractures in the thoracic spine.
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