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AIM: Minimally invasive spinal trauma surgery includes percutaneous pedicle screw fixation and miniature open anterolateral retractor-
based approaches, which can improve surgical outcomes by reducing blood loss, operative time, and postoperative pain. Therefore, this
study aimed to evaluate the effect of minimally invasive surgery on pain scores, functional recovery, and postoperative complications in
patients with spinal trauma.

METHODS: This retrospective study included 100 spinal trauma patients treated in Suzhou Hospital of Integrated Traditional Chinese and
Western Medicine between May 2019 and May 2022. Patients who underwent traditional open surgery were included in the traditional
group, and those who received percutaneous pedicle screw internal fixation combined with posterior minimally invasive small incision
decompression were included in the research group, each comprising 50 patients. The effectiveness of these two surgical approaches was
determined by assessing their outcome measures, including surgery-related indices, postoperative pain, spinal morphology, functional
recovery, and postoperative complications.

RESULTS: Minimally invasive surgery was associated with significantly shorter surgical wounds, length of hospital stay, operative time,
and postoperative time-lapse before off-bed activity, and less intraoperative hemorrhage volume and postoperative drainage volume
compared to open surgery (p < 0.001). Compared to open surgery, patients with minimally invasive surgery showed significantly lower
visual analogue scale (VAS) scores at 3 days, 3 months, and 6 months after surgery and lower Oswestry dysfunction index (ODI) at 7
days and 3 months after surgery (p < 0.05). Furthermore, the difference in the spine morphology between the two arms did not achieve
statistical significance (p > 0.05). Additionally, minimally invasive surgery resulted in a significantly lower incidence of postoperative
complications than open surgery (p < 0.05).

CONCLUSIONS: Minimally invasive surgery causes less surgical damage for patients with spinal trauma, improves surgery-related
indexes, alleviates postoperative pain, and provides better morphological and functional recovery of the spine.
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such as nerve injury, surgical treatment is mostly indicated.
Delayed treatment often leads to spinal deformity, spinal

Introduction

Spinal trauma is an external injury affecting the spine, re-
sulting in pain, swelling, and limited spinal movement. It
accounts for 5—6% of all traumatic injuries and poses a
higher risk of disability [1, 2]. Traumatic spine fractures
predominantly (60-70%) occur in the thoracolumbar re-
gion, typically at the T11 or L2 level due to biomechanical
vulnerabilities. X-rays are essential after spinal trauma to
evaluate the extent of injury. In the event of a spinal frac-
ture with a spinal compression fracture greater than 1/2 the
height of the vertebral body spinal instability and symptoms
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stenosis, and myelitis, substantially impacting mobility and
compromising the daily life of the patient [3].

Surgical intervention is clinically effective in achieving
neurological tissue decompression, spinal reconstruction
and stabilization, and restoration of intersegmental volume
[3]. However, open surgery is associated with substan-
tial surgical trauma, extensive intraoperative bleeding, in-
creased risk of various complications, and reduced postop-
erative recovery [4]. Additionally, patients may experience
poor postoperative spinal stability, and simple screw fixa-
tion often fails to provide long-term support for the injured
spine, which can delay fracture healing.

With advancements in medical technology, minimally inva-
sive techniques have received significant clinical attention
because of their ability to reduce paravertebral tissue injury
during surgery [4]. Posterior percutaneous minimally inva-
sive pedicle screw internal fixation has become increasingly
popular for the treatment of spinal fractures. Research re-
veals that percutaneous pedicle screw fixation significantly
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improves biomechanical strength and offers greater internal
fixation stability, thereby facilitating early ambulation for
the patient [5]. The approach restores the height of the an-
terior column of the injured vertebra, effectively improves
kyphosis, and prevents the straining and over-extension of
the upper and lower intervertebral discs during internal fix-
ation. Minimally invasive percutaneous pedicle screw fix-
ation, combined with injured spine nailing, improves surgi-
cal indices, pain relief, and the ratio of injured spine Cobb
angle to anterior margin height [5, 6]. Wanman et al. [7] re-
ported that minimally invasive surgery provides sufficient
surgical stability for fracture healing and results in an ac-
ceptable number of complications, making it an appropriate
option for treating spinal fractures associated with anky-
losing spondylitis. However, there is limited research on
the impact of minimally invasive surgery on patients with
spinal trauma.

Therefore, the present study aimed to assess the effect of
minimally invasive surgery on pain scores, functional re-
covery, and postoperative complications in patients with
spinal trauma.

Materials and Methods
Study Participants

In this retrospective study, data from 105 spinal trauma pa-
tients treated in Suzhou Hospital of Integrated Traditional
Chinese and Western Medicine between May 2019 and May
2022 were collected. After initial screening, 100 patients
were included in the final analysis. Patients who under-
went traditional open surgery were included in the tradi-
tional group, and those who received percutaneous pedicle
screw internal fixation combined with posterior minimally
invasive small incision decompression were placed in the
research group, with 50 individuals in each group.

Ethical approval was granted by the Ethics Committee
of Suzhou Hospital of Integrated Traditional Chinese and
Western Medicine (ethical approval number: TC890234),
and the study design followed the Declaration of Helsinki.
Informed consent was waived, and all patient informa-
tion was anonymized and de-identified to ensure patient
privacy and confidentiality. Additionally, strict measures
were followed to protect patient confidentiality throughout
the study.

Inclusion and Exclusion Criteria

The inclusion criteria for this study were as follows: (1) Pa-
tients diagnosed with spinal trauma based on clinical symp-
toms, signs, and imaging indexes. (2) Patients whose di-
agnosis aligns with the criteria for thoracolumbar vertebral
body fracture as outlined in the Diagnosis and Treatment
of Lumbar Spine Injuries, regardless of sex, including ra-
diographic evidence of vertebral body fracture in the thora-
columbar region, localized pain and tenderness in the thora-
columbar spine, restricted range of motion and difficulty in
performing spinal movements, and neurological symptoms

such as numbness, tingling, or weakness in the lower ex-
tremities [8]. (3) Patients without contraindications to the
relevant treatment and with normal coagulation function.
(4) Patients with a clear history of spinal trauma without
evident spinal cord compression. (5) Patients whose limb
fracture block is not substantially subluxated. (6) Those
with detailed medical records.

Furthermore, exclusion criteria were set as follows: (1)
Spinal dislocation, incomplete articular prominence, or rup-
ture of the vertebral arch. (2) Patients with malignant tumor
or severe systemic organ disease. (3) Those with osteo-
porosis, systemic infection, or lumbar spinal stenosis. (4)
Patients with a history of previous spinal trauma. (5) Those
with pathological fractures observed on imaging. (6) Time
from fracture to surgery >2 weeks. (7) Those with severe
organ dysfunction. (8) Patients with incomplete data.

The patients were clinically diagnosed following previously
reported diagnostic criteria [9], which indicated that pa-
tients had an modified American Spinal Injury Association
Impairment Scale (mcSCI) at or above the T10 neurological
level, as confirmed by the International Standards for Neu-
rological Classification of SCI examination. A flow chart
of the data collection procedure is illustrated in Fig. 1.

Treatment Procedure

Patients in the traditional group received conventional open
surgery. The procedure was conducted under general anes-
thesia with tracheal intubation, with the patient in a prone
position, and a soft pillow was placed under the chest and
iliac bones to suspend the abdomen. Subsequently, routine
preoperative disinfection and draping were performed. A
longitudinal incision of approximately 10—12 cm was made
in the center of the spine. The paraspinal tissue was sepa-
rated, and pedicle screws and screw systems were placed for
incisional repositioning and fixation. The spinous process
and posterior ligamentous complex were preserved, and the
lamina and spinal canal were decompressed unilaterally or
bilaterally. After this, bone grafting was done, and trans-
verse connections were placed in the incision, followed by
hemostasis, irrigation, and retention of drains. Finally, the
incision was then closed layer by layer.

In the research group, patients underwent percutaneous in-
ternal fixation with pedicle screws and posterior minimally
invasive small incision decompression. The preoperative
preparations were identical for both groups. A 4-5 cm inci-
sion was made in the posterior midline of the decompressed
segment to separate the soft tissue immediately adjacent to
the spinous process and preserve the spinous process and
ligaments. A small amount of the lamina and the inner
edge of the pedicle were resected to expose the decom-
pression area. After this, percutaneous pedicle screws were
placed under x-ray fluoroscopic guidance. With neurolog-
ical monitoring, the fixation rod was placed into the spinal
canal. Once decompression was confirmed, a bone graft
was placed on the connecting rod for internal fixation, and
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Inclusion criteria:

|) patients who were diagnosed with spinal trauma by clinical symptoms and signs,
and imaging indexes;

2)patients with a diagnosis conforming to the diagnosis of thoracolumbar vertebral
body fracture in the Diagnosis and Treatment of Lumbar Spine Injuries, regardless
of sex;

3) patients without relevant treatment contraindications and normal

coagulation function.

4) patients with a clear history of spinal trauma without obvious spinal

cord compression;
5) the fracture block of the limb was not obviously subluxated;
6) patients with detailed medical records.

inclusion criteria.

The data of 105 patients with spinal trauma treated in Suzhou
Hospital of Integrated Traditional Chinese and Western Medicine
between May 2019 and May 2022 were collected according to the

Exclusion criteria:

Totally 100 patients were finally
included based on the exclusion
criteria.

v

1) spinal dislocation, incomplete articular
prominence, and rupture of the vertebral arch;

2) malignant tumor or with serious organ systemic
diseases;

3) osteoporosis,systemic infection, and lumbar spinal
stenosis;

4) with a history of previous spinal trauma.

5) pathological fracture on imaging;

6) fracture to surgery = 2 weeks;

7) severe organ dysfunctional disease:

assigned to the traditional group and those who
received percutaneous pedicle screw internal

fixation plus posterior minimally invasive small

incision decompression to the research group.

Patients who received traditional open surger were

8) patients with incomplete data.

Y v

Traditional group Research group
(n=50) (n=50)

Fig. 1. A flow chart of the data collection procedure.

the fixation rod was positioned on the other side. After flu-
oroscopic confirmation of a good screw position, the screw
was reset and fixed, then placed through an incision in the
horizontal joint, followed by hemostasis, saline irrigation,
and placement of a drainage tube. Finally, the procedure
was completed with suturing [10].

Outcome Measures

The outcome measures were assessed as follows:

(1) The baseline patient profiles were collected.

(2) Surgery-related indices for all patients were recorded,
including incision length, operative time, intraoperative
bleeding, postoperative drainage, the time before postop-
erative bed activities, and hospitalization duration.

(3) The pain visual analogue scale (VAS) scale [11] was
used to evaluate the pain of patients before treatment, 3 days
after treatment, 3 months after treatment, and 6 months after
treatment. The scale scores ranged from 0—10, with a score
of <3 indicating mild pain, 4-6 indicating moderate pain
(significant pain but tolerable), and >7 indicating severe
and intolerable pain. Higher scores indicated more severe
pain.
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(4) Patients’ anterior vertebral body height (the ratio of the
height of the anterior edge of the injured vertebral body
to that of the normal vertebra) and the posterior convex-
ity Cobb’s angle were recorded before and after treatment.
Cobb’s angle is a perpendicular line drawn from the lower
endplate line of the injured vertebra to the upper endplate
of the superior vertebra.

(5) The Oswestry dysfunction index (ODI) [12] was deter-
mined for all patients before treatment, 7 days after treat-
ment, and 3 months after treatment, including the severity
of pain, daily living ability, lifting, and walking, with a total
of 10 questions scored out of 50. The higher the score, the
more severe the functional impairment.

(6) The occurrence of complications, including nerve in-
jury, motor impairment, incisional infection, and traumatic
paraplegia, was recorded.

Statistical Analysis

GraphPad Prism 8 (GraphPad Software, Inc., San Diego,
CA, USA) was used for image processing, while SPSS 26.0
software (IBM Corp, Armonk, NY, USA) was used to or-
ganize and statistically analyze the data. The data were as-
sessed for normality using the Shapiro—Wilk test and all
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Table 1. Baseline characteristics of the study participants (z £ s, %).

Variables Research group ~ Traditional group ~ #/x2  p-value
n 50 50 - -
S Male 23 (46.00) 21 (42.00) 0.162 0.687
ex
Female 27 (24.00) 29 (58.00)
Age (years) Mean 40.26 £ 9.61 40.57 £9.23 0.165 0.869
Al 30 (60.00) 31 (62.00)
AO classification A2 13 (26.00) 14 (28.00) 0.387 0.824
A3 7 (14.00) 5 (10.00)
. Lumbar spine 24 (48.00) 25 (50.00)
Fracture site L 0.040 0.841
Thoracic spine 26 (52.00) 25 (50.00)
Violence 3(6.00) 2 (4.00)
e Falls 19 (38.00) 18 (36.00)
Cause of injury . 0.522 0.914
Traffic accidents 23 (46.00) 26 (52.00)
Other 5(10.00) 4 (8.00)

AO, Arbeitsgemeinschaft fiir Osteosynthesefragen.

log-transformed variables were found to be normally dis-
tributed. Measurement data were expressed as mean =+
standard deviation and analyzed using the z-test. Statisti-
cal data were expressed as percentages (%) and analyzed
using the chi-square test. The Friedman’s test was used to
detect differences across multiple time points within each
group. Statistical significance was achieved at a p-value <
0.05.

Results
Baseline Characteristics of the Study Participants

In the research group, there were 23 males and 27 females,
aged 20—70 (40.26 &= 9.61) years. Based on Arbeitsgemein-
schaft fiir Osteosynthesefragen (AO) classification, there
were 30 cases of Al, 13 cases of A2, and 7 cases of A3.
There were 24 cases of fractures at the lumbar spine and 26
cases of fractures at the thoracic spine, 3 cases of violence-
induced facture, 19 cases of fall-induced fracture, 23 cases
of traffic accident-induced fracture, and 5 cases of other-
induced fracture. In the traditional group, there were 21
males and 29 females, aged 20—70 (40.57 4+ 9.23) years.
Based on AO classification, there were 31 cases of Al, 14
cases of A2, and 5 cases of A3. There were 25 cases of
fractures at the lumbar spine and 25 cases of fractures at the
thoracic spine, 2 cases of violence-induced facture, 18 cases
of fall-induced facture, 26 cases of traffic accident-induced
fracture, and 4 cases of other-induced facture. The patient
characteristics were balanced between the two groups (p >
0.05). The baseline characteristics of the study participants
are shown in Table 1.

Surgical Indices

In the research group, patients had an incision length of 6.94
+ 1.15 cm, operative time of 90.12 + 12.65 minutes, in-
traoperative bleeding of 80.15 + 15.56 mL, postoperative
drainage of 15.89 + 2.86 mL, postoperative time-lapse be-

fore off-bed activities of 7.88 + 0.85 weeks, and hospital
stay duration of 8.18 &+ 1.83 days. In the traditional group,
the incision length was 14.25 4+ 1.68 cm, operative time
was 123.12 £+ 15.65 minutes, intraoperative bleeding was
254.14 £ 20.18 mL, postoperative drainage was 149.15 +
18.14 mL, postoperative time-lapse before off-bed activi-
ties was 12.58 £ 1.04 weeks, and hospital stay was 14.52 +
3.48 days. Compared to open surgery, minimally invasive
surgery resulted in significantly shorter surgical wounds,
hospital stay, operative time, and postoperative time-lapse
before off-bed activity, as well as less intraoperative hemor-
rhage and postoperative drainage (p < 0.001). The surgical
indices of the study groups are shown in Table 2.

VAS Scores

In the research group, the VAS score was 7.21 + 2.18 be-
fore treatment, 3.15 £ 1.15 at 3 days after treatment, 1.18
+ 0.94 at 3 months after treatment, and 0.77 &+ 0.35 at 6
months after treatment. In the traditional group, the VAS
score was 7.24 + 2.14 before treatment, 5.88 + 1.45 at 3
days after treatment, 3.74 + 1.25 at 3 months after treat-
ment, and 1.88 =+ 0.94 at 6 months after treatment. Patients
who underwent minimally invasive surgery showed signif-
icantly lower VAS scores at 3 days, 3 months, and 6 months
postoperatively than those who underwent open surgery (p
< 0.05). The VAS scores for the two groups are depicted in
Fig. 2.

Spine Morphology

In the research group, the pre-treatment anterior vertebral
body height was 64.52 + 6.14 and the posterior convex
Cobb’s angle was 30.16 + 7.14°. However, after treatment,
the anterior vertebral body height was 90.15 4 3.14, and the
posterior convex Cobb’s angle was 13.82 4= 3.95°. In the
traditional group, the height of the anterior border of the
vertebral body was 64.32 + 6.21 and the posterior convex
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Table 2. A comparison of surgical indices between the two groups (Z = s).

Variables Research group (n=150)  Traditional group (n=150)  #-value  p-value
Incision length (cm) 6.94 + 1.15 14.25 4+ 1.68 25389  <0.001
Operative time (min) 90.12 & 12.65 123.12 + 15.65 11.596  <0.001
intraoperative bleeding (mL) 80.15 £ 15.56 254.14 £20.18 48.280  <0.001
Postoperative drainage (mL) 15.89 4+ 2.86 149.15 + 18.14 51.312  <0.001
Postoperative time-lapse before off-bed activity (w) 7.88 + 0.85 12.58 £ 1.04 24743  <0.001
Hospital stays (d) 8.18 +1.83 14.52 +3.48 11.402  <0.001
Table 3. Spine morphology of study participants before and after treatment (z =+ s).
Research group (n=150)  Traditional group (n=50) ¢-value  p-value
Anterior vertebral body height (%) 64.52 £ 6.14 64.32 £ 6.21 0.162 0.872
Before treatment . .
Posterior convexity Cobb’s angle (°) 30.16 £7.14 30.35 £ 6.94 0.135 0.893
Anterior vertebral body height (%) 90.15 +3.14 89.99 4 3.22 0.252 0.802
After treatment . .
Posterior convexity Cobb’s angle (°) 13.82 £3.95 13.59 +4.02 0.289 0.773
10 —e— Research group 60 —o— Research group
8 ‘ Traditional group I Traditional group
g 6 ‘ \_”\ 5 40
] 1 N\ £
N\ 4 =
) | \ a
§ 4 \yl:‘\ o 20 .
— I
0 T T T T 0 T T T
R & & & & & S
o« & & F « & &
& O & & < A A
$© & & & 0 &
o & & & <« G &
o ) & A® &
& oS &
»® & R

Fig. 2. The VAS scores of the study participants. Patients who
underwent minimally invasive surgery had considerably lower
VAS scores at 3 days, 3 months, and 6 months after surgery than
those who underwent open surgery. Note: * indicates p < 0.05.
VAS, visual analogue scale.

Cobb’s angle was 30.35 £ 6.94° before treatment. After
treatment, the height of the anterior border of the vertebral
body was 89.99 + 3.22 and the posterior convex Cobb’s
angle was 13.59 £ 4.02°. However, the difference in the
spine morphology between the two groups did not achieve
statistical significance (p > 0.05, Table 3).

Functional Recovery

The ODI for patients in the research group was 46.86 £ 5.16
before treatment, 16.15 4 3.58 seven days after treatment,
and 7.02 £ 2.21 three months after treatment. However,
the ODI for patients in the traditional group was 46.91 +
5.25 before treatment, 23.85 £ 3.94 seven days after treat-
ment, and 9.05 £ 2.37 three months after treatment. The
ODI scores at 7 days and 3 months after treatment were sub-
stantially lower in the research group than in the traditional
group (p < 0.05, Fig. 3).
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Fig. 3. Functional recovery of the patients. Before treatment,
there was no significant difference in functional recovery between
the two groups, and the ODI scores after 7 days and 3 months
following treatment were significantly lower in the research group
compared to the conventional group. Note: * indicates p < 0.05;
ODI, Oswestry dysfunction index.

Postoperative Complications

In the research group, there was no case of nerve injury
or motor disorders, one case of incisional infection, and
no case of traumatic paraplegia. However, the traditional
group has one case of nerve injury, two cases of motor dis-
orders, five cases of incisional infection, and one case of
traumatic paraplegia. Minimally invasive surgery resulted
in a significantly lower incidence of postoperative compli-
cations compared to open surgery (p < 0.05, Table 4).

Discussion

Spinal injuries are frequently occurring issues in clinical or-
thopedics, with their incidence increasing in recent years.
The most common cause is severe injuries to the spine due
to excessive external forces such as falls from heights and
traffic accidents [13, 14]. Spinal damage can result in sig-
nificant adverse effects on normal physiological and physi-
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Table 4. Postoperative complications in study participants.

Variables Research group (n=50)  Traditional group (n = 50) X2 p-value
Nerve injuries 0 (0.00) 1(2.00) - -
Motor impairment 0 (0.00) 2 (4.00) - -
Incisional infection 1(2.00) 5(10.00) - -
Traumatic paraplegia 0(0.00) 1(2.00) - -
Total incidence 1(2.00) 9 (18.00) 7.111 0.008

cal functions [15]. The surgical approach to thoracolumbar
fractures generally follows the principles of degenerative
diseases described by Ozgur et al. [16]. The posterior pleu-
ral approach is preferred, with intraoperative fluoroscopy
being essential to accurately identify the level of pathology
and determine the optimal location for incision and expo-
sure.

The primary surgical approaches include the open poste-
rior approach for decompression and internal fixation, per-
cutaneous pedicle screw surgery, minimally invasive small
incision decompression, and other minimally invasive pro-
cedures. Traditional open surgery mainly involves a mid-
line incision followed by spinal fixation to restore normal
spinal function [17, 18]. Despite its efficacy, open surgery
causes significant trauma to the patient, resulting in postop-
erative complications and poor prognosis. With advance-
ment in medical technology, minimally invasive surgery
has become a widely used approach in the clinical manage-
ment of spinal trauma. This approach avoids postoperative
vertebral cavity issues, rebuilds the bearing capacity of the
anterior and middle columns of the spine, and significantly
improves the shortcomings of posterolateral implant fusion.

The findings of our study indicated no statistically sig-
nificant difference in spinal morphology between the two
experimental groups of patients before and after treat-
ment. Traditional open surgery restores spinal alignment
and spinal stability, providing clear anatomical visibility,
adequate operative field exposure, ease of procedure, and
convenient decompressive interbody fusion. The treat-
ment outcomes for thoracolumbar fractures in patients with
mild neurological injury using minimally invasive surgery
are comparable to those of traditional open surgery, with
the clinical efficacy of minimally invasive surgery being
equally significant in treating spinal trauma [19]. These
observations are consistent with previous studies. Previous
studies suggest that despite the minor difference in spinal
morphology between the two procedures, traditional open
surgery can cause damage to the vertebral body, muscle
stripping, and traction, potentially leading to nerve dam-
age and muscle necrosis, as well as postoperative complica-
tions. In contrast, minimally invasive surgery obviates the
need to excise spinal muscles and offers advantages such as
rapid postoperative recovery, low intraoperative blood loss,
and short operative time. This allows for early rehabilita-
tion after surgery, significantly alleviating hospital stay and
aiding in rapid recovery [20, 21]. Moreover, this indicates

that open surgery has higher safety risks, while minimally
invasive fixation obviates the need for muscle stripping and
minimizes soft tissue damage. The smaller intraoperative
incision reduces external contact, thereby reducing the risk
of complications such as incisional infection and lower limb
dysfunction. This was also evidenced by the results of our
study, indicating that minimally invasive surgery resulted
in significantly better surgical indices, lower VAS and ODI
scores, and decreased incidence of postoperative complica-
tions.

This procedure has been shown to reduce postoperative
pain and facilitate postoperative functional recovery. Mini-
mally invasive percutaneous pedicle screw internal fixation
can be performed using a fluoroscopic surgical bed, which
ensures precise screw positioning and avoids irreversible
spinal cord and nerve damage from improper puncture. Ad-
ditionally, this approach eliminates removing the paraver-
tebral muscles, thereby preserving the muscles around the
spinous process. Furthermore, this prevents the impact of
prolonged muscle stretching on the blood supply to the cor-
tical nerves and paravertebral muscles, decreasing the risk
of widespread numbness or atrophy of the paravertebral
muscles [22].

Minimally invasive spine techniques provide spinal stabil-
ity after thoracolumbar trauma and decompress the spine
when needed. Percutaneous pedicle screw fixation offers
internal support during fracture healing while preserving
innervation, blood supply, and muscle insertion. When
properly implemented, it ensures ligamentous convergence
through traction, biomechanical stabilization, and spinal re-
alignment, maximizing restoration of neurologic function
and maintaining long-term spinal alignment [23]. Due to
the small incision and exposure of the percutaneous mini-
mally invasive pedicle screw internal fixation procedure, it
effectively reduces intraoperative blood loss and postoper-
ative drainage in patients and shortens the length of hospi-
tal stay [22]. Notably, our study showed a relatively small
amount of graft material inserted into the intervertebral disc
space compared to studies by Yoo ef al. [24] and Kleiner
et al. [25]. This difference may be due to the mechani-
cal design of the cannula. During graft insertion, the space
between the bone graft particles might be reduced or col-
lapsed, resulting in a deviation in the final volume. In the
MIS fusion procedure, the biological environment may dif-
fer from that of a conventional open fusion procedure, and
may be more favorable to the fusion itself due to a larger
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surface area and a larger cage to accommodate more graft
material. Overall, the evidence from previous literature is
consistent with the results of our study, suggesting that min-
imally invasive surgery minimizes patient pain, optimizes
surgical metrics, and reduces complications while ensuring
surgical efficacy compared to open surgery.

Additionally, this procedure indicates good efficacy
through articular or intertransverse fusion, effectively pre-
venting secondary kyphotic deformity and delayed spinal
cord damage [26]. Since the healing of vertebral frac-
tures relies on bone repair, minimally invasive percuta-
neous pedicle screw fixation mainly follows the princi-
ples of repositioning, decompression, and fixation to en-
hance the repositioning effect. This technology increases
the height and SI of the anterior edge of the injured verte-
bra and reduces the posterior convex Cobb angle [27, 28].
However, minimally invasive percutaneous pedicle screw
fixation has some limitations. Compared to traditional open
surgery, the smaller incision can make it challenging to
quickly locate the injured pedicle, requiring a high level of
surgical experience from the surgeon.

Our study explored minimally invasive treatment ap-
proaches and provided insights into future therapeutic al-
ternatives for clinicians. Despite the lack of identified ef-
fective biomarkers and precise treatment, spinal injuries
have been less studied, making the evidence-based findings
of this study significant. Our study suggests that percuta-
neous pedicle screw fixation and miniature open anterolat-
eral retractor-based approaches for endovascular opening
are safe and feasible in clinical practice. Nonetheless, these
results should be interpreted with caution as they are based
on clinical observations from a single center.

Despite some promising outcomes, this study has several
limitations. Firstly, the small sample size in this study may
limit the generalizability of the findings. A larger sample
size would provide more robust statistical power and en-
hance the reliability of the results. Secondly, the inclusion
of patients with thoracolumbar vertebral body fractures may
introduce potential confounding factors. Different underly-
ing conditions or injury mechanisms in these patients could
influence treatment outcomes and prognosis. Future stud-
ies should focus on patients with a specific condition or
limit the study population to those with a precise diagnosis.
Furthermore, the exclusion of studies involving multiple
diseases and surgical procedures may limit a comprehen-
sive understanding of the topic. The inclusion of a diverse
range of diseases and surgical interventions would provide
a broader perspective on factors influencing prognosis.
Additionally, the lack of long-term follow-up beyond one
year postoperatively is another limitation of this study.
Prognostic outcomes can change over time, making it cru-
cial to evaluate the long-term effects of the treatment to as-
sess its success. The retrospective study design also has
limitations, such as lack of control over data consistency
and reliability, potential retrospective bias, and inability to
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establish causality. To address these limitations, future re-
search can be a prospective study focusing on larger sample
sizes, specific patient populations, and diverse diseases and
surgical procedures with a long-term follow-up.
Minimally invasive techniques in spine surgery have grown
exponentially over the past two decades. Implementing
minimally invasive techniques requires extensive surgical
experience, a thorough understanding of surgical indica-
tions, familiarity with invasive surgical operating systems,
strict adherence to aseptic principles, and a high degree of
responsibility. The concept of “minimally invasive” prior-
itizes patient-centered care, aiming to get the highest bene-
fit with the least invasive intervention, thereby maximizing
physical and psychological recovery for the patient. Min-
imally invasive has promising prospects and represents a
key direction of future surgery development.

Conclusions

Minimally invasive surgery leads to less surgical dam-
age for patients with spinal trauma, improves surgical out-
comes, alleviates postoperative pain, and enhances mor-
phological and functional recovery of the spine.

Abbreviations

VAS, visual analogue scale; ODI, Oswestry dysfunction in-
dex; mcSCI, modified American Spinal Injury Association
Impairment Scale.

Availability of Data and Materials

All data generated or analysed during this study are in-
cluded in this published article.

Author Contributions

GCW and JPC formed the research. LLW and FJM de-
signed this study. LLW, FIM, GCW and JPC performed
the research. GCW and JPC collected and analyzed the
data. LLW and FIM have been involved in drafting the
manuscript. All authors have been involved in revising
it critically for important intellectual content. All authors
gave final approval of the version to be published. All au-
thors have participated sufficiently in the work to take pub-
lic responsibility for appropriate portions of the content and
agreed to be accountable for all aspects of the work in en-
suring that questions related to its accuracy or integrity.

Ethics Approval and Consent to Participate

Ethical approval was granted by the Ethics Committee
of Suzhou Hospital of Integrated Traditional Chinese and
Western Medicine (ethical approval number: TC890234).
The study design followed the Declaration of Helsinki. In-
formed consent was waived, and all patient information
was anonymized and deidentified to ensure patient privacy
and confidentiality. Additionally, strict measures were
followed to protect patient confidentiality throughout the
study.



Lulu Wang, et al.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Koksal I, Alagoz F, Celik H, Yildirim AE, Akin T, Gu-
venc Y, et al. Timing of Surgery for Spinal Fractures As-
sociated with Systemic Trauma: A Need for a Strategic
and Systemic Approach. Turkish Neurosurgery. 2016; 26:
411-415.

[2] Zong ZW, Qin H, Chen SX, Yang JZ, Yang L, Zhang L,
et al. Representing the Traumatology Branch of the China
Medical Rescue Association, the PLA Professional Com-
mittee and; Youth Committee on Disaster Medicine, and;
Disaster Medicine Branch of the Chongqing Association
of Integrative Medicine. Chinese expert consensus on the
treatment of modern combat-related spinal injuries. Mili-
tary Medical Research. 2019; 6: 6. (In Chinese)

[3] SCHNEIDER RC. Chronic neurological sequelae of
acute trauma to the spine and spinal cord. Part V. The syn-
drome of acute central cervical spinal-cord injury followed
by chronic anterior cervical-cord injury (or compression)
syndrome. The Journal of Bone and Joint Surgery. Ameri-
can Volume. 1960; 42-A: 253-260.

[4] Coric D, Rossi VI, Peloza J, Kim PK, Adamson TE. Per-
cutaneous, Navigated Minimally Invasive Posterior Cervi-
cal Pedicle Screw Fixation. International Journal of Spine
Surgery. 2020; 14: S14-S21.

[5] Kocis J, Kelbl M, Kocis T, Navrat T. Percutaneous ver-
sus open pedicle screw fixation for treatment of type A
thoracolumbar fractures. European Journal of Trauma and
Emergency Surgery: Official Publication of the European
Trauma Society. 2020; 46: 147-152.

[6] Mobbs RJ, Sivabalan P, Li J. Technique, challenges and
indications for percutaneous pedicle screw fixation. Journal
of Clinical Neuroscience: Official Journal of the Neurosur-
gical Society of Australasia. 2011; 18: 741-749.

[7] Wanman J, Burmeister F, Thorell D, Kyrk T, Blixt S,
Gerdhem P, ef al. Minimally Invasive Surgery for Tho-
racolumbar Spinal Fractures in Patients With Ankylosing
Spondylitis. International Journal of Spine Surgery. 2023;
17: 526-533.

[8] Camp CL, Conti MS, Sgroi T, Cammisa FP, Dines JS.
Epidemiology, Treatment, and Prevention of Lumbar Spine
Injuries in Major League Baseball Players. American Jour-
nal of Orthopedics (Belle Mead, N.J.). 2016; 45: 137-143.
[9] Stadhouder A, Buckens CFM, Holtslag HR, Oner FC.
Are existing outcome instruments suitable for assessment
of spinal trauma patients? Journal of Neurosurgery. Spine.

2010; 13: 638-647.

[10] Phan K, Rao PJ, Mobbs RIJ. Percutaneous versus open
pedicle screw fixation for treatment of thoracolumbar frac-
tures: Systematic review and meta-analysis of comparative
studies. Clinical Neurology and Neurosurgery. 2015; 135:
85-92.

[11] Hawker GA, Mian S, Kendzerska T, French M.
Measures of adult pain: Visual Analog Scale for Pain
(VAS Pain), Numeric Rating Scale for Pain (NRS Pain),
McGill Pain Questionnaire (MPQ), Short-Form McGill
Pain Questionnaire (SF-MPQ), Chronic Pain Grade Scale
(CPGS), Short Form-36 Bodily Pain Scale (SF-36 BPS),
and Measure of Intermittent and Constant Osteoarthritis
Pain (ICOAP). Arthritis Care & Research. 2011; 63: S240—
S252.

[12] Kim DY, Lee SH, Lee HY, Lee HJ, Chang SB, Chung
SK, et al. Validation of the Korean version of the oswestry
disability index. Spine. 2005; 30: E123-E127.

[13] Parizel PM, van der Zijden T, Gaudino S, Spaepen M,
Voormolen MHJ, Venstermans C, et al. Trauma of the spine
and spinal cord: imaging strategies. European Spine Jour-
nal: Official Publication of the European Spine Society, the
European Spinal Deformity Society, and the European Sec-
tion of the Cervical Spine Research Society. 2010; 19: S8—
S17.

[14] Marco CA, Nelson S, Jolly M, Ritter S, Rudawsky
A. Communication with patients with trauma who were
in spinal immobilization. The American Journal of Emer-
gency Medicine. 2014; 32: 182—183.

[15] Sezer C, Sezer C. Pedicle Screw Fixation with Percu-
taneous Vertebroplasty for Traumatic Thoracolumbar Ver-
tebral Compression Fracture. Nigerian Journal of Clinical
Practice. 2021; 24: 1360-1365.

[16] Ozgur BM, Aryan HE, Pimenta L, Taylor WR. Ex-
treme Lateral Interbody Fusion (XLIF): a novel surgical
technique for anterior lumbar interbody fusion. The Spine
Journal: Official Journal of the North American Spine So-
ciety. 2006; 6: 435443,

[17] SCHNEIDER RC. Surgical indications and contraindi-
cations in spine and spinal cord trauma. Clinical Neuro-
surgery. 1962; 8: 157-184.

[18] Alshareef M, Klapthor G, Alawieh A, Lowe S,
Frankel B. Evaluation of open and minimally invasive
spinal surgery for the treatment of thoracolumbar metastatic
epidural spinal cord compression: a systematic review. Eu-
ropean Spine Journal: Official Publication of the European
Spine Society, the European Spinal Deformity Society, and
the European Section of the Cervical Spine Research Soci-
ety. 2021; 30: 2906-2914.

[19] Hu XD, Ma WH, Jiang WY, Chen YL, Ruan CY. Per-
cutaneous pedicle screw fixation combined with limited-
open decompression technique for thoracolumbar fractures
with neurologic deficit. Zhongguo Gu Shang = China Jour-
nal of Orthopaedics and Traumatology. 2018; 31: 62—66.
(In Chinese)

559 Ann. Ital. Chir.,, 95, 4, 2024



Lulu Wang, et al.

[20] Cook E, Scantlebury A, Booth A, Turner E, Ran-
ganathan A, Khan A, et al. Surgery versus conserva-
tive management of stable thoracolumbar fracture: the
PRESTO feasibility RCT. Health Technology Assessment
(Winchester, England). 2021; 25: 1-126.

[21] Pishnamaz M, Schemmann U, Herren C, Horst K,
Lichte P, Hildebrand F, et al. Muscular changes after min-
imally invasive versus open spinal stabilization of thora-
columbar fractures: A literature review. Journal of Mus-
culoskeletal & Neuronal Interactions. 2018; 18: 62-70.
[22] Gazzeri R. Percutaneous Pedicle Screw Fixation Tech-
nique in the Thoracic and Lumbar Spine-Tips and Tricks.
Surgical Technology International. 2016; 28: 303-310.
[23] Zou W, Xiao J, Zhang Y, Du Y, Zhou C. Percutaneous
pedicle screw fixation and minimally invasive decompres-
sion in the same incision for type A3 thoracolumbar burst
fracture. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi =
Zhongguo Xiufu Chongjian Waike Zazhi = Chinese Jour-
nal of Reparative and Reconstructive Surgery. 2017; 31:
830-836. (In Chinese)

[24] Yoo JS, Min SH, Yoon SH. Fusion rate according to
mixture ratio and volumes of bone graft in minimally inva-
sive transforaminal lumbar interbody fusion: minimum 2-
year follow-up. European Journal of Orthopaedic Surgery
& Traumatology: Orthopedie Traumatologie. 2015; 25:

560 Ann. Ital. Chir., 95, 4, 2024

S183-S189.

[25] Kleiner JB, Kleiner HM, Grimberg EJ, Jr, Throlson SJ.
Evaluation of a novel tool for bone graft delivery in min-
imally invasive transforaminal lumbar interbody fusion.
Medical Devices (Auckland, N.Z.). 2016; 9: 105-114.
[26] Lin J, Zhu X, Tang Q, Lu J, Xu H, Song G, et al. Mini-
mally invasive separation surgery for the treatment of spinal
metastases with small incision and freehand pedicle screw
fixation: the surgical learning curve. BMC Musculoskele-
tal Disorders. 2022; 23: 273.

[27] Yang W, Pan X, Xiao X. Meta-Analysis of the Clinical
Effect of MIS-TLF Surgery in the Treatment of Minimally
Invasive Surgery of the Orthopaedic Spine. Computational
Intelligence and Neuroscience. 2022; 2022: 2315533.

[28] Chalermkitpanit P, Limthongkul W, Yingsakmongkol
W, Thepsoparn M, Pannangpetch P, Tangchitcharoen N, et
al. Analgesic Effect of Intravenous Nefopam for Postop-
erative Pain in Minimally Invasive Spine Surgery: A Ran-
domized Prospective Study. Asian Spine Journal. 2022;
16: 651-657.

Publisher’s Note: Annali Italiani di Chirurgia stays neu-
tral with regard to jurisdictional claims in published maps
and institutional affiliations.



	Introduction
	Materials and Methods
	Study Participants
	Inclusion and Exclusion Criteria
	Treatment Procedure
	Outcome Measures
	Statistical Analysis

	Results
	Baseline Characteristics of the Study Participants
	Surgical Indices
	VAS Scores
	Spine Morphology
	Functional Recovery
	Postoperative Complications

	Discussion
	Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	References

