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Minimally Invasive Spine Surgery versus Open 
Posterior Instrumentation Surgery for Unstable 

Thoracolumbar Burst Fracture
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Department of Orthopedic Surgery, Sung-Ae Hospital, Seoul, Korea   

Study Design: Retrospective study.
Purpose: To compare the clinical and radiological results of minimally invasive spine surgery (MISS) and open posterior instrumenta-
tion surgery for the treatment of unstable burst fractures.
Overview of Literature: MISS has exhibited postoperative outcomes similar to those obtained using open posterior instrumentation 
in various spine diseases. There remains no consensus regarding the use of MISS in the treatment of unstable burst fracture.
Methods: We enrolled 40 patients who underwent either MISS (M group, 20 patients) or open posterior instrumentation surgery (O 
group, 20 patients) for the treatment of traumatic unstable burst fractures. Clinical outcomes were evaluated based on postoperative 
back pain, operation time, blood loss, hospital stay duration, and perioperative complications. For radiologic evaluation, preoperative 
magnetic resonance imaging and plain radiography were performed before and after the surgery to evaluate the changes in the ky-
photic angle and fracture union.
Results: The change in the kyphotic angle was −8.2°±5.8° in the M group and −8.0°±7.8° in the O group. No significant difference 
was noted in terms of the change in the kyphotic angle (p=0.94, t -test) after 12 months of surgery. The Visual Analog Scale score was 
1.5±0.7 points in the M group, while it was 5.2±1.4 points in the O group. In the M group, back pain has significantly decreased (p<0.01, 
t -test). The estimated blood loss was 195.5 mL in the M group and 1,077.5 mL in the O group; the operation time was significantly 
decreased in the O group from 290.7 to 120.7 minutes in the M group (p<0.05, t -test) (p=0.36, t -test). The average duration of hospital 
stay was 36.0 days in the M group and 41.9 days in the O group (p=0.36, t -test).
Conclusions: For the treatment of unstable burst fractures, MISS showed significant differences in terms of postoperative back pain, 
operation time, and blood loss as compared to open posterior instrumentation surgery.
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Introduction

Thoracolumbar fracture is identified as the most com-
mon form of vertebral fracture, with an incidence of 18 

to 30 per 100,000 people every year [1,2]. Burst fracture 
induces damage to the anterior and middle column of the 
vertebral body by vertical compression force and causes 
retropulsion of the middle column. The stability of the 
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vertebral body in burst fractures is a crucial factor that 
influences the choice of treatment. Unstable burst fracture 
requires surgical treatment because of post-traumatic ky-
phosis, neurologic deficit, and persistent radiating pain. 
Open posterior instrumentation technique can induce 
iatrogenic permanent muscle deformity and persistent 
postoperative pain owing to damage to the paraspinal 
muscle and surrounding soft tissue because of excessive 
traction during surgery [3]. Minimally invasive spinal 
surgery has been widely used as an effective alternative to 
conventional posterior instrumentation.

Previous studies have shown that minimally invasive 
spinal surgery showed similar postoperative outcomes 
with less soft tissue damages and fewer surgery-related 
iatrogenic injuries than open posterior instrumentation 
[3-7]. In addition, minimally invasive spinal surgery can 
be performed with less postoperative pain and blood loss 
due to less soft tissue dissection, leading to faster recovery 
after surgery compared to open posterior instrumenta-
tion. However, there were no previous reports comparing 
the clinical and radiological outcomes of minimally inva-

sive spinal surgery and open posterior instrumentation 
for the treatment of unstable burst fractures. Thus, in this 
study, we aimed to assess and compare the postoperative 
clinical and radiologic outcomes of minimally invasive 
spinal surgery and open posterior instrumentation for the 
treatment of unstable burst fractures.

Materials and Methods

1. Study design

The study protocol was approved by the Institutional 
Review Board of Sung-Ae Hospital (IRB approval no., 
SA2020-05). Informed consent was obtained from all 
the study subjects. We then investigated 42 patients who 
underwent spinal fusion surgeries for traumatic unstable 
burst fracture from April 2014 to December 2018 (Fig. 
1A). The exclusion criteria were as follows: diagnosis of 
osteoporosis, spinal tumor, and non-traumatic fracture. 
Two patients were excluded as per the exclusion criteria, 
and 40 patients were then enrolled. Twenty patients un-

Fig. 1. (A) Thoracolumbar X-ray and magnetic resonance image showing unstable 
burst fracture of L1. (B, C) Postoperative thoracolumbar X-ray showing the reduced 
kyphosis and correct sagittal alignment following the percutaneous T12–L1–L2 
fixation. (D, E) Thoracolumbar 1-year follow-up X-ray showing acquired stability of 
thoracolumbar spine. (F, G) Preoperative/postoperative thoracolumbar X-ray show-
ing acquired changes of kyphotic angle (a–b).

a: kyphotic angle b: kyphotic angle

A

F G

B C D E



Minimally Invasive Spine Surgery’s ProsAsian Spine Journal 763

derwent minimally invasive posterior instrumentation 
(M group) (Fig. 1B–G), whereas the other 20 patients un-
derwent open posterior instrumentation (O group) (Fig. 
2). Clinical outcomes and radiographic outcomes were 
assessed. Clinical outcomes included Visual Analog Scale 
(VAS) score, operation time, blood loss volume, hospital 
stay duration, and complications. The VAS was admin-
istered at 3 days after the surgery to assess postoperative 
back pain. Data on operation time and blood loss volume 
were retrieved from the anesthesia record sheets. Opera-
tion time was measured as per the total time taken from 
skin incision to wound closure. Length of hospital stay 
and patient discharge were when the patients were able 
to ambulate at least for 30 minutes and wanted to be dis-
charged.

Radiologic outcomes included changes in the kyphotic 
angle and radiologic fracture union. Series of simple ra-
diographs, including anterior-posterior, lateral, flexion at 
standing, and extension at standing views of the thora-
columbar spine were taken preoperatively, immediately 
postoperatively, and 1 year postoperatively. Changes in 
the kyphotic angle were measured from the thoracolum-
bar spine lateral view using the kyphotic angle calculation 
method. IBM SPSS ver.23.0 for Windows (IBM Corp., 
Armonk, NY, USA) was used for all the statistical analyses 
including t-test and chi-square test. The statistical signifi-
cance was set as p-value <0.05.

2. Surgical technique

1) Minimally invasive spinal surgery technique
Pedicle screws were placed at the fracture site, one level 
above and one level below the level of injury. Pedicle 
screw size varied from 5.5 to 6.5 mm, while the screw 
length varied from 40 to 45 mm, based on the size of the 
vertebral body measured on preoperative computed to-
mography image. Fluoroscopy was used to visualize and 
mark the appropriate pedicles. Postural reduction was 
performed in the prone position. Paramedian incisions 
were made at the pedicle sites, and a vertebroplasty needle 
was placed into the vertebral body under fluoroscopy. A 
guide pin was inserted, and a vertebroplasty needle was 
removed. Serial dilators were inserted, and pedicle screws 
were inserted. Additional reduction was performed with 
the joystick maneuver with minimally invasive spinal sur-
gery instruments. Rods were used to connect the pedicle 
screws. Screw caps were then inserted, and antirotation 
instruments were used to fixate the rods.

2) Open posterior instrumentation
Pedicle screws were placed at the fracture site, one level 
above and one level below the level of injury. Pedicle 
screw size varied from 5.5 to 6.5 mm, whereas the screw 
length varied from 40 to 45 mm, based on the size of the 
vertebral body measured using preoperative computed 
tomography image. Fluoroscopy was used to visualize and 

Fig. 2. (A) Thoracolumbar X-ray and magnetic resonance image showing a unstable burst fracture of L1. (B, C) Postoperative thoracolumbar X-ray 
showing the reduced kyphosis and correct sagittal alignment following the open surgery T12–L1–L2 fixation. (D, E) Thoracolumbar 1-year follow-
up X-ray showing acquired stability of the thoracolumbar spine.
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mark the fracture site. Postural reduction was performed 
in the prone position. A midline posterior longitudinal 
incision was made, the fascia was cut, the spinal muscle 
was retracted, and the transverse processes were exposed. 
Pedicle screws were then inserted using the intersection 
technique. The rods were inserted and fixated.

Results

1. Patient demographics

The experiment group included 20 patients who had un-
dergone minimally invasive posterior instrumentation 
(M group: 10 men and 10 women; mean age, 54.6±14.2 
years). The control group included 20 patients who had 
undergone open posterior instrumentation (O group: 14 
men and seven women; mean age, 63.0±13.1 years). No 
significant difference was observed for basic patient de-
mographics (p=0.33, χ² test) (Table 1) and distribution of 
fracture levels (p=0.47, χ² test) (Table 1). In the M group, 
the fracture distributions were T11 (one patient, 5.0%), 
T12 (three patients, 15.0%), L1 (eight patients, 40.0%), 
and L2 (five patients, 25.0%), and L3 (three patients, 
15.0%). Meanwhile, in the O group, the fracture distribu-
tions were T11 (two patients, 10.0%), T12 (four patients, 
20.0%), L1 (eight patients, 40.0%), and L2 (six patients, 
30.0%). Injury of the posterior ligament complex showed 
no significant difference (p=0.21, χ² test) (Table 1). Fifteen 
patients in the M group (75.0%) and 18 in the O group 
(90.0%). Mean numbers of fused spinal segments were 
2.5±0.6 in the M group and 2.7±1.4 in the O group.

2. Clinical outcomes

Mean VAS scores measured at 3 days postoperatively 
showed a significant difference (M group, 1.5±0.7; O 
group, 5.2±1.4; p =0.00, t -test) (Table 2). The average 
volume of blood loss showed a significant difference (M 
group, 195.5±310.8 mL; O group, 1,077.5±877.0 mL; 
p=0.000, t-test) (Table 2). Operation time showed a signif-
icant difference (M group, 120.8±18.7 minutes; O group, 
290.8±74.6 minutes; p=0.00, t-test) (Table 2). The average 
length of hospital stay showed no significant difference 
(M group, 41.9±14.9; O group, 36.0±24.4; p=0.36, t-test) 
(Table 2). With respect to postoperative complications, 
one patient in the M group had wound dehiscence. In the 
O group, the following postoperative complications were 

detected: cardiovascular accident (n=1), aspiration pneu-
monia (n=1), and acute respiratory distress syndrome 
(n=1). No reoperation was performed in either group.

3. Radiologic outcomes

Changes in the kyphotic angle after surgery showed 
no significant difference (M group, 8.0°±7.8°; O group, 
8.2°±5.8°; p=0.94, t-test). All the patients in both groups 
showed fracture union after surgery; thus, statistical anal-
ysis was not performed.

Table 1. Demographic data for the minimally invasive spine surgery group ver-
sus open posterior instrumentation group

Characteristic M group O group p-value (χ2)

Age (yr) 54.6±14.2 63.0±13.1 0.06

Sex 0.33

Male 14 10

Female   6 10

No. of instrumented segments 2.5±0.6 2.7±1.4 0.78

Posterior ligament complex injury 0.21

Present 15 18

Absent 5  2

Fracture level

T11 1 2

T12 3 4

L1 8 8 0.46

L2 5 6 (3.4)

L3 3 0

Values are presented as mean±standard deviation or number. M group: mini-
mally invasive spinal surgery group; O group: open posterior instrumentation 
group. A p-value <0.05 is statistically significant.

Table 2. Back pain (VAS), operation time, blood loss, and hospital stay in pa-
tients with minimally invasive spine surgery group versus open surgery group

Variable M group O group p-value

VAS score   1.5±0.7   5.2±1.4 0.000**

Operation time (min) 120.8±18.7  290.8±74.6 0.000**

Blood loss (mL)   195.5±310.8 1,077.5±577.0 0.000**

Hospital stays (day)   41.9±14.9    36.0±24.4 0.36

Values are presented as mean±standard deviation. M group: minimally invasive 
spinal surgery group; O group: open posterior instrumentation group.
VAS, Visual Analog Scale.
**p<0.01.
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Discussion

Approximately two-thirds of traumatic vertebral frac-
tures involve the thoracolumbar junction, and about 
half of traumatic vertebral fractures were unstable burst 
fractures. The L1 vertebral body was most commonly af-
fected, followed by the T12 vertebral body as the second 
most commonly affected [8]. Traumatic burst fractures 
of the thoracolumbar spine showed an initial kyphotic 
angle of 10°–32° by anterior pillar injuries [9,10]. Ana-
tomically, unstable burst fractures of the thoracolumbar 
junction often required correction of the kyphotic angle 
and spinal canal decompression. Willen et al. [11] sug-
gested that the burst fractures were unstable when ante-
rior vertebral compression rates were >50%, spinal canal 
compromises were >50%, rotational malalignments were 
present at the fracture site, and the L1 body was affected. 
The indications of minimally invasive spinal surgery are 
increasing, owing to the development of new instruments 
and improvements in surgical techniques. The current in-
dications include traumatic thoracolumbar fractures, de-
generative spondylolisthesis, and herniated lumbar disc. 
Minimally invasive spinal surgery offers the advantages 
of reduced operation time and surrounding soft tissue 
damage; however, there is limited clinical evidence that 
supports the effectiveness and safety of minimally invasive 
surgery as compared to those of conventional open pos-
terior instrumentation. In this study, minimally invasive 
spinal surgery showed reduced operation time, blood loss, 
and postoperative back pain as compared to conventional 
open posterior instrumentation. The rate of postopera-
tive complications was low, and the radiologic outcomes 
showed no significant difference between the two groups. 
Open posterior instrumentation, compared to other types 
of arthrodesis, has disadvantages, including posterior 
migration of the bone graft, nerve root, and muscle injury 
caused by excessive traction, extradural fibrosis, chronic 
nerve root inflammation, dural injuries, and iatrogenic 
injuries of the anterior and posterior column [12]. Ac-
cording to Myeroff and Archdeacon [13], 37.9% patients 
reported donor site pain for 3 months, and 18.4% patients 
had persistent donor site pain for 2 years when open pos-
terior instrumentation and autogenous iliac bone graft 
were performed simultaneously. Loss of the midline of 
supraspinous ligament-interspinous ligament complex 
caused reduced flexion power and delayed vertebral in-
stabilities [14]. Blood loss because of extensive soft tissue 

dissection and muscle splitting during surgery caused in-
creased postoperative back pain and rate of postoperative 
complications [15,16]. Extensive soft tissue dissection and 
degeneration of paraspinal muscle increased the rate of 
post spinal surgery syndrome because of increased risks 
of nerve injury and muscle atrophy [17,18]. Styf and Wil-
len [19] reported that the traction device used to expose 
the posterior column could induce focal ischemia of the 
paraspinal muscles. Furthermore, Kahanovitz et al. [20] 
reported that open discectomy performed for young pa-
tients induced reduction of lumbar flexion power by 30%. 
Mayer et al. [21] reported that 15%–20% patients showed 
evidences of paraspinal muscle atrophy on computed 
tomography images when the extensive open posterior 
approach was used. Lanzino et al. [22] reported that 16% 
of the patients showed worsened clinical outcomes after 
open posterior instrumentation. Minimally invasive spinal 
surgery reduced iatrogenic soft tissue injury by splitting 
between multifidus and longissimus and could thus offer 
advantages over open posterior instrumentation. In a bio-
mechanical study, early segmental internal fixation could 
improve axial compression, torque, and strength of fixated 
vertebra when flexion-extension torque load [23]. As per 
one report, pedicle screw fixation in posterior instrumen-
tation improved early ambulation, pseudoarthrosis, and 
rate of recipient site posterior migration [24]. With mini-
mally invasive spinal surgery technique, pedicle screw 
fixation could be performed percutaneously without 
significant infection, blood loss, multiple muscle atrophy, 
muscle injury, and elongated operation time [25,26]. Foley 
et al. [7], Park et al. [27], and Min et al. [28] reported 
lower blood loss with minimally invasive spinal surgery 
compared to that with conventional open posterior instru-
mentation. Studies have reported on reduced intraopera-
tive blood loss, hospital stay duration, and muscle atrophy 
after minimally invasive spinal surgery for the treatment 
of lumbar spine diseases [29,30]. Cho et al. [31] suggested 
that increased blood loss during surgery led to increased 
incidence of early postoperative complications. With 
small incisions and less traction compared to those with 
the conventional open method, minimally invasive tech-
nique could be a surgical treatment option for hematolog-
ically and immunologically compromised patients. Khoo 
et al. [3] reported that patients who underwent minimally 
invasive posterior instrumentation had a shorter duration 
of hospital stay, with an average hospital stay of 2.8 days 
and less frequent use of intravenous pain medication than 
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that in patients who underwent open posterior instru-
mentation, with an average hospital stay of 5–7 days. In 
this study, the duration of hospital stay showed no signifi-
cant difference. The patients in this study were discharged 
when they wanted to be discharged; their hospital stay 
duration was determined as per their insurance coverage. 
Patients with industrial and traffic accidents tended to be 
hospitalized for longer periods of time. Deyo et al. [32] re-
ported that increased operation time led to increased rate 
of postoperative complications in spinal surgeries. Foley et 
al. [7] reported that minimally invasive technique had an 
average operation time of 240 minutes because it involved 
a smaller window for operation, challenges in determin-
ing the anatomical landmarks, and longer learning curve 
than that in conventional open posterior instrumentation. 
Park et al. [27] have also reported that minimally invasive 
spinal surgery had a longer operation time than that with 
open posterior instrumentation and lower postoperative 
VAS scores than those with open posterior instrumenta-
tion. In this study, M group had average operation time 
of 120 minutes; this was significantly shorter than that of 
the O group. This result might be attributable to the de-
velopment of instruments and difference in the operator’s 
learning curve. Park et al. [27] suggested that the mini-
mally invasive technique had sufficient nerve decompres-
sion and expansion of the intervertebral disc to achieve 
successful union of the vertebral bodies. Similar to that in 
previous studies, our result showed no significant differ-
ences in terms of the changes in the kyphotic angle and 
fracture union rate. The limitations of this study were the 
relatively smaller sample size in the minimally invasive 
spinal surgery group, its retrospective study design, and 
unmatched number of fixated segments between the two 
groups. The M group had a smaller average number of fix-
ated segments than the O group; thus, the operation time, 
blood loss, postoperative back pain, and complication rate 
might have been affected. Moreover, differences in the 
insurance coverage were not controlled; thus, the hospital 
stay duration involved a bias because of different second-
ary gains of different patients’ situations. Thus, future 
research should include a larger sample size and a longer 
follow-up period to overcome the limitations of this pres-
ent study to observe more objective comparisons between 
the minimally invasive technique and open posterior 
instrumentation. Despite these limitations, this study was 
the first study to compare the clinical and radiological 
outcomes of minimally invasive spinal surgery and open 

posterior instrumentation for the treatment of unstable 
burst fractures.

Conclusions

Clinical and radiological outcomes were examined and 
compared between patients who underwent minimally in-
vasive spinal surgery and those who underwent open pos-
terior instrumentation for the treatment of unstable burst 
fractures. As per our findings, it was determined that the 
minimally invasive spinal surgery group had less blood 
loss during surgery, shorter operation time, and less post-
operative pain. The two groups showed no significant dif-
ferences in terms of hospital stay duration, kyphotic angle 
changes, fracture union rate, and postoperative complica-
tion rate. Reoperation or instrument failure was not ob-
served in the groups. The surgical outcomes of minimally 
invasive posterior instrumentation were similar to those 
of open posterior instrumentation; the minimally invasive 
technique offered faster recovery and rehabilitation than 
open posterior instrumentation.
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