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Introduction

A thoracolumbar fracture is one of the most common 
spinal fractures. A thoracolumbar fracture may affect the 
central nervous system and the lungs and therefore must 
be taken seriously (1,2). Thoracolumbar fractures are 
common fractures because the thoracolumbar segment is 
the concentration point of spinal stress, therefore it has the 

highest incidence of spinal fractures (3). The presence of the 
spinal cord and nerves in the spinal canal that are composed 
of thoracolumbar vertebral fractures mean that severe 
vertebral fractures can also be complicated by spinal cord 
or nerve injury. In the case of a burst fracture of the cervical 
vertebra, the patient may die instantly from asphyxiation 
because this can affect the respiratory center (4).
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Currently, an anterior approach, a posterior approach, a 
combined anterior and posterior approach, and minimally 
invasive surgery are widely used for the treatment of 
thoracolumbar fractures (5). In clinical practice, posterior 
access to traditional open pedicle screw surgery and 
percutaneous pedicle screw surgery are the most common 
treatments (6). The choice of surgical procedure should 
be based on the patient’s fracture type, neurological 
dysfunction, damaged spinal stability, and the surgeon’s 
clinical skill level (7). Different surgical methods have their 
own advantages and disadvantages; therefore, the overall 
situation of patients should be fully taken into consideration 
when surgical methods are selected (8). Currently, posterior 
pedicle screw fixation is the most widely used method in 
clinical practice. Numerous clinical studies have shown that 
this method can immediately restore normal spinal sequence 
reconstruction and maintain spinal stability (9). However, this 
traditional surgical method also has significant disadvantages 
such as the method for patients with traumatic big, long 
operation time, intraoperative blood loss, and longer 
duration of postoperative pain in patients with incision, 
generally required long-term postoperative incision 
drainage tube, leading to stay in bed longer hospitalization 
and recovery. For a long time how to reduce the rate 
of posterior pedicle screw internal fixation surgery of 
iatrogenic injury has always been the focus of the orthopedic 
surgeon. In recent years, with the continuous development 
of minimally invasive surgery, percutaneous pedicle screw 
fixation advantages gradually revealed. A large number of 
clinical data showed that the percutaneous pedicle screw 
internal fixation surgery without to reset satisfaction, keep 
the advantages of the fixation strength, but also reduce 
the damage to the lumbar posterior structure, with simple 
operation small trauma hemorrhage less operation time is 
short (10). At present, there are very few studies comparing 
the efficacy of traditional and percutaneous pedicle 
screw internal fixation in the treatment of thoracolumbar 
vertebral fractures in terms of the evaluation of the efficacy 
of percutaneous pedicle screw internal fixation in the 
treatment of thoracolumbar vertebral fractures, such as 
the amount of intraoperative blood loss and postoperative 
drainage flow and postoperative pain (11).

In this paper, existing randomized trials were collected and 
systematically analyzed to compare the efficacy of traditional 
methods and percutaneous pedicle screw fixation in order to 
provide comprehensive quantitative indicators and provide 
evidence basis for subsequent clinical treatment. We present 
the following article in accordance with the PRISMA 

reporting checklist (available at https://apm.amegroups.com/
article/view/10.21037/apm-21-3736/rc).

Methods

Literature search strategy

At present, the literatures on percutaneous pedicle screw 
fixation are mostly in English, and there are very few 
Chinese literatures. Therefore, the search scope of this 
paper is PubMed, Ovid-Medline, Embase, and China 
Biology Medicine Disc (CBM). The search time was 
from the establishment of the database to June 2021. 
Percutaneous pedicle screw, posterior percutaneous pedicle 
screw fixation, open pedicle screw fixation, fracture of 
thoracic vertebrae, thoracic fractures, thoracic, and vertebral 
fracture were set as keywords. Literatures were screened 
according to the following inclusion and exclusion criteria.

Literature inclusion and exclusion criteria
A study was included if it fulfilled the following criteria: (I) 
the study had sufficient experimental data and contained the 
required basic information including data of various indicators 
related to the study (operative time, Cobb angle recovery, 
postoperative pain, and postoperative screw dislocation rate); 
(II) the disease being studied was a thoracolumbar vertebral 
fracture; (III) the study had a sufficient number of cases, with 
a large enough sample (research sample ≥10); and (IV) the 
study was a clinical trial. Unpublished works that fulfilled 
these criteria were also included.

A study was excluded if it satisfied one of the following 
criteria: (I) the study was non-Chinese literature; (II) the 
study was a meta-analysis; (III) the study was not a clinical 
trial; (IV) there was no control group; and/or (V) the study 
had incomplete recording of basic patient data.

Literature screening
Independent literature screening and data extraction were 
implemented by two experts, and cross-checking was also 
performed. If there were different opinions, experts in this 
hospital who have been engaged in relevant clinical work 
for more than five years were consulted to decide on the 
final data selection.

Data extraction

The observation indexes included postoperative pain, 
operation time, postoperative infection rate, and screw 
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dislocation rate. A visual analogue scale (VAS) was used 
to evaluate the postoperative pain of minimally invasive 
percutaneous pedicle screws and traditional open pedicle 
screws. Postoperative complications of minimally invasive 
percutaneous pedicle screws and traditional open pedicle 
screws mainly included the screw dislocation rate and 
infection rate. Imaging parameters included the Cobb 
angle of the surgical segment after minimally invasive 
percutaneous pedicle screws and conventional open pedicle 
screws. When accurate means and standard deviations were 
not reported in the included literature, estimates were made 
from the charts used in the literature. All data were sourced 
from the included articles. Two reviewers independently 
reviewed the literature and assessed the quality of each 
article. When there were differences of opinion, the 
problem was solved through discussion or the intervention 
of the third-party reviewer.

Quality assessment

To improve the quality of the reviewed literature, a 
quality assessment was carried out according to the “Risk 
assessment of bias” recommended in version 5.3 of the 
Cochrane System’s review manual. The evaluation included 
the following seven items: (I) which random method was 
used; (II) whether there was a hidden allocation; (III) 
blind implementation of patients and researchers; (IV) 
whether the effect of the blind method was assessed; (V) 
whether there was integrity of the results; (VI) whether the 
investigation results were credible; and (VII) other bias. As 
for the seven items of each randomized controlled trial (RCT), 
“satisfied” meant the study contained a relatively small degree 
of bias, while “unsatisfied” meant the study contained a high 
degree of bias. That is, if the literature is in the confidence 
interval and symmetric, there is no publication deviation; 
otherwise, there is deviation. If studies were not sufficiently 
detailed to report, or it was not mentioned, the risks were 
unknown. The evaluation of existing studies included four 
dimensions, which were: (I) random sequence generation; (II) 
allocation hiding; (III) blinding; and (IV) racking/exit. For 
each of these dimensions, studies with scores of 1–3 were 
considered low quality, and studies with scores of 4–7 were 
considered high quality.

Statistical methods

RevMan5.3.5 (Cochrane, London, UK) was used for 
data analysis. Dichotomous variables were evaluated by 

relative risk (RR) and odds ratio (OR). The weighted mean 
difference (WMD) was used to evaluate the continuity 
variable and calculate its 95% confidence interval (CI). For 
heterogeneity of literature, homogeneity of the included 
studies was tested by χ2 test. If P>0.1 and I2<50%, the 
included literatures were considered homogenous or 
consistent, and the fixed-effect model was adopted. If P<0.1 
and I2>50%, heterogeneity was considered in the included 
literature data, and the random effect model was used for 
analysis. The level of meta-analysis was set as α=0.05, and 
P≤0.05 was considered statistically significant.

Results

Search results

In total, 570 articles were retrieved from the database, and 
732 articles from the registers. After the title of all papers 
were read, 566 articles that did not meet the inclusion 
criteria were excluded. After the abstract of all papers were 
read, 77 articles that did not meet the inclusion criteria 
were excluded. After the full text was read, 625 articles 
were excluded. Finally, 25 article which did not meet the 
requirements were excluded, and 9 articles (12-20) that met 
the inclusion criteria were included in the meta-analysis. 
The document screening flowchart is shown in Figure 1. 
Basic information included in the study is shown in Table 1.

Risk bias evaluation of literatures

The Cochrane Handbook version 5.3 systematic review 
writing manual was adopted to evaluate the bias risk of the 
9 documents included in this study and to construct the 
bias risk chart. Figures 2,3 show the details of this process. 
Review Manager 5.3 (Nordic Cochrane Center) was used to 
express the results.

Operation time

A total of 8 documents met the requirements and used 
percutaneous pedicle screws and posterior percutaneous 
pedicle screw internal fixation. The results in Figure 4 show 
that the 95% CI was −0.27 (−0.90, 0.35) and I2=86%, which 
was greater than 50%, so the random effects model was 
selected. The results showed that the operation time for 
percutaneous pedicle screw fixation was shorter than that 
of open pedicle screw fixation, but the difference was not 
significant (Z=0.85; P=0.40). Figure 5 shows that most of 



Annals of Palliative Medicine, Vol 11, No 1 January 2022 253

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2022;11(1):250-259 | https://dx.doi.org/10.21037/apm-21-3736

Id
en

tif
ic

at
io

n

Identification of studies via databases and registers

S
cr

ee
ni

ng
In

cl
ud

ed

Records identified from:
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• Registers (n=732)
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(n=736)

Reports sought for retrieval
(n=659)

Reports assessed for 
eligibility (n=34)

Studies included in review
(n=9)

Records excluded
(n=77)

Reports not retrieved
(n=625)

Reports excluded:
• Surgical method Non-internal fixation of pedicle screws 

(n=7)
• Non-thoracic lumbar fracture (n=11)
• Interinterventions were not similar enough to merge with 

the other RCT (n=7)

Records removed before screening:
• Duplicate records removed (n=177)
• Records marked as ineligible by automation tools (n=63)
• Records removed for other reasons (n=326)

Figure 1 Retrieval flowchart of literature. RCT, randomized controlled trial.

Table 1 Basic information included in the literature

First author Year Country Type Surgery
The total number 

of cases

Follow-up 

time (months)

The control 

group (case)

The experimental 

group (case)

Grass (12) 2006 Germany Observational 

research

Minimally invasive 

percutaneous

57 33 24 33

Wild (13) 2007 China Observational 

research

Minimally invasive 

percutaneous

21 24–60 11 10

Bronsard (14) 2013 China Observational 

research

Minimally invasive 

percutaneous

60 12 30 30

Shin (15) 2020 America Observational 

research

Minimally invasive 

percutaneous

46 Unclear 22 24

Grossbach (16) 2013 Germany Observational 

research

Minimally invasive 

percutaneous

39 16.4 27 11

Lyu (17) 2016 China Randomized 

controlled study

Posterior 

percutaneous

90 17.7 30 30

Lee (18) 2013 China Randomized 

controlled study

Posterior 

percutaneous

59 50 27 32

Vanek (19) 2014 China Observational 

research

Posterior 

percutaneous

37 6 19 18

Yang (20) 2019 China Randomized 

controlled study

Posterior 

percutaneous

60 12 30 30
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Figure 2 Bias risk assessment diagram of literature included in the study. Green dot, low risk; yellow dot, unclear; red dot, high risk.
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Figure 3 Bar chart showing the risk assessment of the bias of literature included in the study. The risk gradually increases from left to right, 
0% means no risk of deviation, 100% means the highest risk of deviation. 

Figure 4 Forest plot showing the comparison of operation times between percutaneous pedicle screw fixation and open pedicle screw 
fixation. SD, standard deviation.
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the data were on both sides of the central axis, and were 
symmetric in the confidence interval, which indicated that 
publication bias was effective.

Cobb angle recovery comparison

A total of 5 documents met the requirements and compared 
the use of percutaneous pedicle screw fixation and open 
surgery. The analysis yielded 95% CI of 0.15 (−0.75, 1.04) 
and I2=0%, which was less than 50%. Therefore, the fixed 
effects model was used. The results in Figure 6 show that 
the degree of recovery of the cobb angle after percutaneous 
pedicle screw fixation was better than that of open pedicle 
screw fixation, but the difference was not significant 
(Z=0.32; P=0.75). Figure 7 shows that the funnel plot was 
symmetrical, and most of the data was on both sides of the 
central axis, suggesting that publication bias was effective. 
Percutaneous pedicle screw fixation had better cobb angle 
recovery than open pedicle screw fixation, and the prognosis 
after surgery was better.

Comparison of postoperative pain

A total of 6 documents met the requirements and used 
percutaneous pedicle screws and posterior percutaneous 
pedicle screw internal fixation. The analysis showed that the 
95% CI was −0.63 (−0.92, −0.34) and I2=75%, which was 
greater than 50%, so the random effects model was selected. 
The results in Figure 8 show that the pain of percutaneous 
pedicle screw fixation was less than that of open pedicle 
screw fixation, and the difference was significant (Z=4.27; 
P<0.0001). Figure 9 shows that the funnel plot was 
symmetrical, and all of them presented a symmetric state 
within the confidence interval, indicating that there was no 
publication offset.

Postoperative screw misalignment rate

A total of 5 documents met the requirements and used 
percutaneous pedicle screws and posterior percutaneous 
pedicle screw internal fixation. The analysis showed that the 
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Figure 5 Funnel plot showing the comparison of operation times 
between percutaneous pedicle screw fixation and open pedicle 
screw fixation. SE, standard error; SMD, standardized mean 
difference. 

Figure 7 Funnel plot showing the degree of recovery of the cobb 
angle between percutaneous pedicle screw fixation and open 
pedicle screw fixation. SE, standard error; MD, mean difference.

Figure 6 Forest plot showing the comparison of the cobb angle recovery between percutaneous pedicle screw fixation and open pedicle 
screw fixation. SD, standard deviation.
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95% CI was 0.32 (0.11, 0.96) and I2=0%, which was less than 
50%. Therefore, the random effects model was used. The 
results in Figure 10 show that the rate of screw misalignment 
after percutaneous pedicle screw fixation was lower than 
that of open pedicle screw fixation, and the difference was 
significant (Z=2.04; P=0.04). Figure 11 shows that the funnel 
plot was symmetrical, and most of the data were on both 
sides of the central axis, within the 95% confidence interval, 
which indicated that the publication bias was effective. 
Compared with open pedicle screw fixation, percutaneous 
pedicle screw fixation had a lower screw misalignment rate 
and fewer postoperative reoperations.

Discussion

Whether percutaneous pedicle screw surgery or traditional 
open pedicle screw surgery is better for the treatment of a 
simple thoracolumbar fracture has been controversial (21). 
Although percutaneous pedicle screw surgery is becoming 
more widely used by clinicians in the field of spinal 
degeneration, its role in spinal fracture or spinal injury is 

controversial due to the lack of detailed and valid evidence. 
Traditional open pedicle screw surgery has been widely used 
because it can adapt to various types of spinal fractures and 
has accurate postoperative results. However, along with the 
development of science, technology, and society, medicine 
is also making continuous progress and development. In 
recent decades, “minimally invasive” has become a hot 
topic and an emerging research direction. There is a trend 
in spinal fracture surgery to minimize iatrogenic injury to 
the soft tissue surrounding the spine. Many less invasive 
interventions have been proposed and used, including 
percutaneous vertebroplasty, percutaneous kyphoplasty, and 
percutaneous pedicle screw fixation (22).

The results of this meta-analysis confirmed the 
advantages of previously reported percutaneous pedicle 
screw surgery over traditional open surgery. Percutaneous 
pedicle screw surgery requires an incision of approximately 
1 cm in length at each screw placement site. This incision 
is used to insert the needle, guide wire, and dilator tube, 
and the screw was screwed in with the help of the guide 
wire (23). The dilatation tube bluntly separates the soft 
tissues of the lower back and paraspinal muscles, avoiding 
the extensive dissection and electrosurgical burning 
required in open surgery. Therefore, it is of great help to 
reduce postoperative pain, reduce intraoperative bleeding, 
and improve the recovery time of patients. The amount 
of bleeding is closely related to the type of spinal injury 
such as a vertebral burst fracture, and the assessment 
of blood loss has always been an unsolved problem. 
Reducing intraoperative and postoperative blood loss 
also benefits postoperative recovery in elderly high-risk 
patients (24). The reduction in surgical trauma results in 
a lower incidence of surgery-related complications, and it 
can promote early spinal stabilization and early recovery 
activities and shorten hospital stays.

The included literature showed that compared with 
open surgery, patients with other surgical methods felt 

Figure 8 Forest plot of the pain between percutaneous pedicle screw fixation and open pedicle screw fixation. SD, standard deviation.
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Figure 9 Funnel plot of the pain between percutaneous pedicle 
screw fixation and open pedicle screw fixation. SE, standard error; 
MD, mean difference.
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less pain, which will become the development direction 
of spinal plastic surgery. However, there were also some 
disadvantages. First, for the safety of minimally invasive 
percutaneous surgery with screw insertion, the frequency 
of X-ray fluoroscopy increased the amount of radiation 
for patients and doctors and adversely affected the health 
of patients and doctors. The advent of computer-aided 
surgical navigation systems helped greatly in reducing 
radiation exposure, but many hospitals have yet to equip 
them because of their high cost. Siegel et al. [2018] (25) 
found that the radiation time during percutaneous pedicle 
screw fixation was longer than in the conventional open 
surgery group. The effective dose in the transcutaneous 
group was more than three times that in the open group. 
Increased radiation exposure was a hazard to patients and 
was a considerable injury to surgeons who performed 
many operations over the years. Spinal surgeons, especially 
those who performed minimally invasive percutaneous 
procedures, received higher radiation dose levels than the 
average orthopedic surgeon. Second, percutaneous and 
posterior percutaneous fixation devices were difficult to  

re-insert through the initial incision because the rod 
systems were often surrounded by tough scar tissue and 
the fixation device was larger. Repeated incisions can cause 
secondary damage. After the patient’s wound has healed, 
reopening of the surgical wound was required if fixation 
was to be inserted (26). Third, limited operating experience 
and clinical skills can lead to damage or even fracture of the 
pedicle. This meta-analysis showed that, compared with 
traditional open surgery, other surgical methods had better 
surgical effects, reduced pain for the patient, and shortened 
operation time.

The limitations of this study are as follows. First, in 
the analysis of this study, the included literature was 
open literature and excluded unpublished gray literature. 
Therefore, the results derived from this study may be 
subject to error. Second, due to the relatively small number 
of cases included in this study, a large sample and multi-
center randomized controlled study is still needed to 
evaluate the reliability of the results of this meta-analysis. 
Third, some postoperative efficacy indicators were not 
included in the study (such as postoperative vertebral height, 
Oswestry Disability Index (ODI) score, and postoperative 
clinical satisfaction of patients), resulting in incomplete data 
analysis.

Conclusions

A total of 9 literatures were included in this meta-
analysis. Internal fixation using percutaneous and posterior 
percutaneous pedicle screws had a shorter operation time, 
lower pain, a better cobb angle recovery, and a lower 
postoperative screw dislocation rate and postoperative 
infection rate compared to open surgery. These results 
suggest that percutaneous pedicle screw fixation and 
posterior percutaneous pedicle screw fixation may be a more 
effective option than open surgery to treat thoracolumbar 
fractures.

Figure 10 Forest plot showing the screw misalignment rate after percutaneous pedicle screw fixation and open pedicle screw fixation.
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Figure 11 Funnel plot showing the screw dislocation rate after 
percutaneous pedicle screw fixation and open pedicle screw 
internal fixation. SE, standard error; OR, odds ratio.
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