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Abstract. We compared the clinical effects of minimally 
invasive percutaneous pedicle screws osteosynthesis 
(MIPPSO) and open surgery on the repair of thoracolumbar 
vertebra fracture. Seventy patients, who suffered from thora-
columbar vertebra fracture and received treatment at our 
hospital, were selected and randomly divided into either the 
minimally invasive percutaneous pedicle screws osteosyn-
thesis group (MIPPSO group) and the traditional open pedicle 
screws osteosynthesis group (TOPSO group) with 35 cases in 
each group. The perioperative parameters including length 
of incision, duration of operation, bleeding during operation, 
length of hospital stay, the changes of pre-operative and post-
operative VAS pain scores, inflammatory indexes including 
serum C-reactive protein (CRP) and creatine kinase (CK), and 
imaging indexes including Cobb's angle and anterior margin 
height of vertebral body of both groups were compared. The 
length of incision, duration of operation, bleeding volume 
during operation and length of hospital stay in the MIPPSO 
group were significantly lower than those in the TOPSO 
group (P<0.05). Both minimally invasive surgery and tradi-
tional surgery effectively alleviated the pain (P<0.05), which 
was more significant in MIPPSO group (P<0.05). The post-
operative inflammatory indexes, CRP and CK levels, of both 
groups were higher compared to the pre-operation (P<0.05), 
which was more significant in TOPSO group (P<0.05). The 
differences of imaging indexes, including Cobb's angle and 
anterior margin height of injured vertebra, were statistically 
significant between pre-operation and post-operation for each 

group (P<0.05); however, there were no statistically signifi-
cant differences between two groups at either pre-operation 
or post-operation (P>0.05). The effect of minimally invasive 
percutaneous pedicle screws osteosynthesis is similar to the 
traditional open surgery, however, the MIPPSO technique has 
the advantages of small trauma, less bleeding, short duration 
of operation, rapid post-operative recovery, light pain, less 
economic cost, and better aesthetic effect and is therefore 
worthy of clinical promotion.

Introduction

With the rapid development of industrialization and an 
increasing number of traffic accidents, the incidence rate of 
spinal fractures is constantly rising, reaching as high as 5-6% 
of full-body fractures, of which the thoracolumbar fracture 
is the most common. Thoracolumbar vertebral fracture 
refers to the state that bone cortical continuity is impaired 
by an external force (1), which is manifested by local pain. 
Without prompt treatment, nerve damage (motion and sense 
dysfunctions of double lower limbs, excretion dysfunction) 
may occur, thereby causing more serious complications (2). 
The traditional open osteosynthesis shows increased trauma, 
massive bleeding, long length of hospital stay and multiple 
complications (3). Moreover, the ischemic necrosis and 
fibrosis of muscles caused by extensive detachment and 
repeated sustained traction of tissues adjacent to the verte-
bral body (fascia muscularis, muscle and anadesma) can 
seriously affect the prognosis of patients, which may lead to 
the intractable stiffness of the waist and back. As early as the 
1980s, through using percutaneous pedicle screws osteosyn-
thesis, Magerl (4) created the minimally invasive technique 
for the treatment of spinal trauma. The clinical application 
of minimally invasive percutaneous pedicle screws osteo-
synthesis has gradually been popularized in recent years (5). 
In this study, 70 patients who suffered from spinal fractures 
and received treatment at our hospital from January 2014 
to June 2016 were selected. The minimally invasive percu-
taneous pedicle screws osteosynthesis and traditional open 
surgery were used for treatment, which achieved satisfactory 
clinical effects.
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Materials and methods

Sample selection. Seventy patients, who suffered from thora-
columbar vertebra fracture with no nerve damage and received 
treatment at our hospital from January 2014 to June 2016, 
were selected and randomly divided into either the minimally 
invasive percutaneous pedicle screws osteosynthesis group 
(MIPPSO group) or the traditional open pedicle screws 
osteosynthesis group (TOPSO group) with 35 cases in each 
group. The selected patients or their families signed written 
informed consent form, and the study was approved by the 
Ethics Committee at Xuzhou Hospital.

The inclusion criteria were as follows: a) the patient was 
diagnosed with a thoracolumbar vertebra fracture, b) the 
patient suffered from Type-A, Grade-E single segmental 
fracture, with no need for spinal canal decompression, and 
c) the patient who suffered from fresh fracture within two 
weeks. The exclusion criteria were as follows: a) the patient 
with thoracolumbar vertebra fracture who needed spinal canal 
decompression to relieve nervous symptoms; and b) patho-
logical and/or old fracture (Table I).

Materials. The percutaneous pedicle screw system, which 
was purchased from Changzhou Kanghui Medical Innovation 
Co., Ltd. (Changzhou, China), has good biocompatibility, no 
obvious allergic reaction and no effect on magnetic reso-
nance examination.

Methods. Patients in the MIPPSO group were treated as follows. 
The patient assumed the position of prone hyperextension, 
thereby suspending the abdomen. The injured vertebra and 
the projection of upper and lower vertebral pedicle center on 
the body surface was orientated and marked by using a C-arm 
X-ray machine (Siemens, Frankfurt, Germany). The towels 
were routinely sterilized, and then a total of four longitudinal 
incisions, 2.0 cm in length, were made along with the orienta-
tion under general anesthesia with endotracheal intubation. 

The tissue was cut open layer by layer via a blunt separation to 
expose the operative field. According to the perspective of the 
C-arm machine, the screw was kept in parallel with the end 
plate, keeping a 10-15˚ angle of sagittal orientation towards 
the inside; then, the screw was placed into vertebral pedicle. 
It was ensured that the inner cortex was not broken through 
the screw and the position was placed well under the perspec-
tive of the C-arm machine. The same method was adopted to 
place other vertebral pedicle screws. Then, the fixation rods 
were installed. The pre-curved fixation rods were successively 
placed into the upper and lower pedicle screw tail grooves via a 
subcutaneous muscular tunnel. The injured vertebra was reset 
supporting by the distracter. After confirming the satisfactory 
reduction, all the nuts were tightened. With no placement of a 
drainage strip, the incision was sutured layer by layer. In the 
TOPSO group, surgery was conducted in accordance with the 
traditional method.

Main observation indexes. The main observation indexes 
were outlined as follows:

Pre-operative parameters. The pre-operative parameters 
include the length of surgical incision, duration of operation, 
bleeding during operation and length of hospital stay of 
patients in both groups.

Pain assessment. Pain assessment was conducted using the 
visual analog scale (VAS) scoring system (6). The corre-
sponding point of pain intensity, which the patient felt on the 
10 cm line, was confirmed. The VAS scores of patients in both 
groups were compared before the operation and on the post-
operative 1st, 3rd and 5th day, respectively.

Inflammation-related indexes. Through the respective detec-
tion of CRP levels and CK activities in peripheral blood 
before operation and at post-operative 24 and 48 h, the 
changes in levels of serum CRP levels and CK activities of 

Table I. Comparison of general conditions of two groups of patients.

Item MIPPSO group TOPSO group P-value

Sex (Male/Female, n) 23/12 24/11 >0.05
Age (mean ± SD, years) 36.89±7.21 37.01±6.83 >0.05
Weight (mean ± SD, kg) 63.26±9.27 64.54±8.65 >0.05
Denis typing (n)   >0.05
  Simple compression fracture   8   9
  Blowout fracture 27 26
Injured segment (n)   >0.05
  T11   2   1
  T12   7   6
  L1 20 21
  L2   6   7

The general conditions of sex distribution, age, weight, Denis typing and injured segment of two groups of patients were statistically analyzed, 
showing no significant differences (P>0.05). Baseline characteristics were comparable between two groups.
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pre-operation and post-operation of patients in both groups 
were compared.

Imaging indexes. Through the pre-operative X-ray examina-
tion and conducting re-examinations on the post-operative 
3rd day and in the 1st year, the changes of Cobb's angles of 
pre-operation and post-operation of patients in both groups 
were compared. The anterior margin height of injured 
vertebra = Actual height/Reference height x 100%. Reference 
height = the sum of upper and lower anterior margin height of 
injured vertebra/2 x 100%. The measure of Cobb's angle and 
sagittal index (SI) referred to the literature (7).

Statistical analysis. The SPSS 18.0 software (SPSS Inc., 
Chicago, IL, USA) was used for statistical analysis. All data 
were expressed as mean ± SD. The t-test and Chi-square test 
were used to compare the data. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Comparisons of perioperative parameters of two groups of 
patients. The length of surgical incision, duration of operation, 
bleeding volume of operation and length of hospital stay of 
patients in both groups were compared. The MIPPSO group 
had the advantages of small incision, short duration of opera-
tion, less bleeding and short hospital stay, and there was a 
statistically significant difference in each parameter between 
the groups of data (P<0.05) (Table II).

Comparisons of VAS pain scores of the groups of patients. 
The pre-operative VAS pain scores of patients in the MIPPSO 
group and the TOPSO group were 6.76±1.80 and 6.69±2.01, 
respectively, which showed no statistically significant differ-
ence (P>0.05). The scores on the post-operative 1st and 
3rd day in the MIPPSO group were, respectively 3.23±1.50 
and 1.14±1.37, while the scores on the post-operative 1st and 
3rd day in the TOPSO group were 4.91±1.52 and 2.66±1.14, 
respectively. The pain of both groups on the post-operative 
1st and 3rd day were relieved when compared to levels pre-
operation, with a statistically significant difference (P<0.05). 
Compared to the TOPSO group, the ease of pain in the 
MIPPSO group was more obvious, and the difference was 
statistically significant (P<0.05). The pain scores of both 
groups on the post-operative 5th day were 0.58±0.54 and 
0.81±1.06, and there was no statistically significant difference 
(P>0.05) (Fig. 1).

Changes of pre-operative and post-operative inflammatory 
indexes (serum CRP and CK) of both groups of patients
Comparison of changes of pre-operative and post-operative 
serum CRP of both groups of patients. The baseline serum CRPs 
of patients in both groups before the operation were compa-
rable. The serum CRPs of patients in the MIPPSO group and 
the TOPSO group were 11.43±5.01 mg/l and 21.16±5.72 mg/l 
at post-operative 24 h, respectively. The concentrations in 
the MIPPSO group and the TOPSO group were respectively 
9.67±6.25 mg/l and 25.39±2.86 mg/l at post-operative 48 h. The 
serum CRPs of both groups at 24 and 48 h after operation were 
significantly increased when compared to the pre-operation 
levels (P<0.05). Moreover, the serum CRPs in the TOPSO 

Figure 1. Comparisons of pre-operative and post-operative VAS pain scores 
of two groups of patients. Compared to the pre-operation, #P<0.05; compared 
to the TOPSO group, *P<0.05.

Figure 2. Comparisons of pre-operative and post-operative serum CRP levels 
of two groups of patients. Compared to the pre-operation, #P<0.05; compared 
to the TOPSO group, *P<0.05.

Figure 3. Comparisons of pre-operative and post-operative serum CK levels 
of two groups of patients. Compared to the pre-operation, #P<0.05; compared 
to the TOPSO group, *P<0.05.

Table II. Comparisons of perioperative parameters of two 
groups of patients (mean ± SD, n=35).

 MIPPSO TOPSO
Item group group P-value

Length of incision (cm) 2.04±1.32 9.57±1.02 <0.05
Duration of operation (min) 59.46±7.28 123.16±4.65 <0.05
Bleeding volume of 21.31±9.76 162.35±30.64 <0.05
operation (ml)
Length of hospital stay (days) 5.28±3.50 10.37±2.33 <0.05

There was a statistically significant difference in each parameter 
between the groups, P<0.05.
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group at post-operative 24 and 48 h were significantly higher 
than those in the MIPPSO group (P<0.05) (Fig. 2).

Comparisons of the changes of pre-operative and post-
operative serum CK of both groups of patients. The baseline 
serum CKs of patients in both groups before the operation 
were comparable. The serum CKs of patients in the MIPPSO 
group and TOPSO group were 201.34±45.96 IU/l and 
465.61±45.27 IU/l at post-operative 24 h, respectively. The 
concentrations were 129.67±56.25 IU/l and 252.39±42.65 IU/l 
at post-operative 48 h, respectively. The serum CKs of 
both groups at 24 h post-operation were all significantly 
increased when compared to the pre-operation (P<0.05). 
The concentrations were decreased at post-operative 48 h 
but still higher than the pre-operation (P<0.05). The serum 
CKs in the TOPSO group were significantly higher than 
those in the MIPPSO group at post-operative 24 and 48 h 
(P<0.05) (Fig. 3).

Changes of pre-operative and post-operative imaging indexes 
(Cobb's angle and anterior margin height of vertebral body) 
of both groups of patients
Comparisons of the changes of pre-operative and post-
operative Cobb's angle of two groups of patients. The Cobb's 
angles of patients in both groups before the operation were 
15.5±5.3˚ and 14.9±5.6 ,̊ respectively, which were comparable 
(P>0.05). The Cobb's angles in the MIPPSO group and the 
TOPSO group were 4.8±3.5˚ and 5.0±3.3˚ on the post-opera-
tive 3rd day, and 6.1±2.9˚ and 6.2±2.7˚ in the post-operative 
1st year, respectively. The Cobb's angles of patients in both 
groups on the 3rd day and in the 1st year post-operation were 
all significantly decreased when compared to pre-operation 
(P<0.05), but there were no statistically significant differ-
ences between the groups (P>0.05) (Fig. 4).

Comparison of changes of the pre-operative and post-operative 
anterior margin height of the vertebral body of both groups of 
patients. The anterior margin heights of the vertebral body of 
patients in both groups before the operation were 64.3±11.2% 
and 65.9±9.5%, respectively, which were comparable (P>0.05). 
The anterior margin heights of vertebral body in the MIPPSO 
group and TOPSO group were 90.1±3.0% and 89.5±3.75% on 
the post-operative 7th day, and 88.2±2.3% and 87.6±2.9% in 
the post-operative 1st year, respectively. The anterior margin 
heights of the vertebral body of patients in both groups on the 
7th day and in the 1st year post-operation were all significantly 
increased when compared to pre-operation (P<0.05), but there 

were no statistically significant differences between the groups 
(P>0.05) (Fig. 5).

Post-operative complications. There was no orientation 
error, osteosynthesis failure, cerebrospinal fluid leakage and 
iatrogenic nerve injury in either group after operation. Seventy 
patients were treated and discharged.

Discussion

The thoracolumbar vertebra fracture is often caused by high-
energy violent injuries, which are closely correlated with the 
anatomy of the spine. T10-L2, which is a relatively small 
area of thoracolumbar segment, is the region where thoracic 
kyphosis gradually turns into the lumbar lordosis. Due to a 
lack of protection of costovertebral structure, stress cannot 
be transmitted to a larger sagittal articular surface, which 
makes it easier to cause a spinal injury (8). Surgery is the best 
therapy in the treatment of spinal injury (9,10). Currently, 
there are three pathways of surgery which include the ante-
rior approach, posterior approach and anterior and posterior 
combined approach, of which the most commonly used mode 
is the posterior pedicle screw internal fixation. However, the 
open reduction and internal fixation has a large trauma, in 
which loose nails and broken nails as well as post-operative 
complications such as a loss of correction can easily occur (11). 
With the enhancement in the quality of life and aesthetic 
requirements, minimally invasive percutaneous pedicle screws 
osteosynthesis has gradually highlighted its superiority in 
clinical practice.

With strong axial stress and significant effect of distrac-
tion, the pedicle screw system can make the anterior and 
posterior ligament fully extended, which is conducive to the 
recovery of the height of injured vertebral body in order to 
produce the effect of clamping plate between the ligament and 
soft tissue in order to achieve indirect decompression, as well 
as to correct kyphosis deformity, thereby achieving reduc-
tion, fixation and early functional exercise. In the study of 
Palmisani et al (12), minimally invasive percutaneous pedicle 
screws osteosynthesis were used to treat 51 patients with a 
thoracolumbar vertebra fracture.

During the follow-up within 1-2 years, results showed that 
the recovery of patients who received osteosynthesis surgery 
was rapid, with fewer complications, and obtained satisfactory 
clinical and functional effects. The results of this study revealed 

Figure 4. Comparisons of Cobb's angles (imaging index) of two groups of 
patients. Compared to the pre-operation, #P<0.05; compared to the TOPSO 
group, *P>0.05. Figure 5. Comparisons of anterior margin heights of vertebral body (imaging 

index) of two groups of patients. Compared to the pre-operation, #P<0.05; 
compared to the TOPSO group, *P>0.05.
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that the pain of patients in both groups on post-operative 1st 
and 3rd day were relieved when compared to the pre-operation 
(P<0.05), of which the ease of pain in the MIPPSO group 
was more significant (P<0.05). The use of minimally invasive 
percutaneous osteosynthesis, which has a small surgical inci-
sion, can effectively reduce the muscle stripping surface of 
the waist and back, alleviate soft tissue injury, further avoid 
post-operative back pain and reduce the pain of patients, 
thereby improving the clinical effects. With the shortest fusion 
segment, the strong pedicle screw osteosynthesis system can 
achieve the effect of good orthopedics and maintain a three-
dimensional position of spine in order to further retain the 
motion segment (13). The differences of the Cobb's angle and 
anterior margin height of vertebral body of patients in both 
groups before the operation were not statistically significant 
and were therefore comparable (P>0.05). When comparing 
each group to itself between the pre-operation and post-opera-
tion, the Cobb's angles and anterior margin heights of vertebral 
body were significantly ameliorated (P<0.05). However, there 
were no statistically significant differences between the 
groups, whether pre-operation or post-operation (P>0.05), 
which are consistent with reports in literature (14). The results 
indicate that minimally invasive percutaneous pedicle screws 
osteosynthesis in the treatment of thoracolumbar vertebra 
fracture is beneficial in order to correct the posterior convex 
angle and recover the vertebral height of injured vertebra, so 
that the gastrointestinal, cardiac and cerebral function abnor-
malities, infection, spinal deformity and other complications 
can be reduced and the pain can be relieved effectively.

In this study, the length of surgical incision, duration of 
operation, bleeding volume of operation and length of hospital 
stay of patients in both groups were compared, and we found 
that the MIPPSO group had advantages of small incision, 
short duration of operation, less bleeding and shorter hospital 
stay, which shows a statistically significant difference in each 
parameter between the groups of data (P<0.05). Percutaneous 
pedicle screw osteosynthesis is characterized by not only a 
simple operation, a shorter operation time and less bleeding 
but also a strong fixation. In addition, it allows patients to get 
out of bed early, which helps avoiding multiple complications 
caused by a long-term bed rest, which is conducive to the early 
functional rehabilitation training of patients.

The body produces a special form of trauma-stress 
response during the process of surgery, which can cause local 
injury and organ dysfunction; thus, surgeons try to reduce 
the trauma of surgery. Currently, TNF-α, IL-6 and other 
cytokines, as well as CRP and CK, are the main indicators in 
the evaluation of trauma stress. Early in the 1930s, C-reactive 
protein (CRP) was discovered as a type of protein that can 
react with the pneumococcal capsular component C polysac-
charide. The serum CRP concentra-tion is relatively low in the 
normal human body, however, in inflammation, burns, surgery, 
trauma and other stress states, the CRP concentration can be 
increased within 6 h after tissue trauma, reaching a peak in 
one to three days (15,16), which is 2,000 times higher than the 
normal physiological value. As a specific stress marker, CRP 
is one of the most sensitive acute phase proteins produced by 
the stress response. The change in serum CRP concentration 
is positively correlated to the degree of surgical trauma, which 
is a relatively sensitive item that reflects the degree of tissue 

injury (17). None of the patients in this study showed signs 
of infection, which suggests that the elevated serum CRP was 
mainly caused by surgical trauma stress. The post-operative 
serum CRP levels of both groups were higher compared to 
the pre-operation (P<0.05), which was more significant in the 
TOPSO group (P<0.05). The CK content is most abundant in 
skeletal muscle, which is also found in the myocardium, brain 
and other tissues.

Generally, it is difficult for creatine kinase to pass through 
the cell membrane, and if it is released into the blood then 
there is the possibility that the cell membrane is damaged. 
The concentration of creatine kinase, which is low in normal 
human blood circulation, is released into the blood in the case 
that muscle cell membrane is injured and cell permeability is 
increased by mechanical agents such as ischemia, hypoxia and 
other factors. The increase in creatine kinase activity in serum 
is correlated with the degree of muscle stripping, the range 
and the time. Thus, creatine kinase is a better indicator in the 
assessment of muscle injury (18-24). Our results demonstrate 
that creatine kinase activities post-operation in both groups 
were significantly higher than those pre-operation (P<0.05). 
In addition, the serum creatine kinase activities were higher in 
the TOPSO group than the MIPPSO group at post-operative 
24 and 48 h, suggesting that minimally invasive surgery could 
relieve the degree of post-operative pain of waist and back via 
a reduction in the trauma to paravertebral muscle, which has 
obtained an ideal clinical effect.

In conclusion, the effect of minimally invasive percuta-
neous pedicle screws osteosynthesis is similar to that of the 
traditional open surgery. However, the technique of MIPPSO 
has the advantages of small trauma, less bleeding, short dura-
tion of operation, rapid post-operative recovery, light pain, 
less economic cost, and better aesthetic effect, and is therefore 
worthy of clinical promotion.
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