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Outcomes of treating unstable thoracolumbar fractures without spinal cord injury
using percutaneous pedicle screw fixation
Resultados del tratamiento de fracturas toracolumbares inestables sin lesion de la

médula espinal mediante fijacion percutanea de tornillos transpediculares
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ABSTRACT
Background: Unstable thoracolumbar fractures can lead to pain and limited mobility. Minimally
invasive spinal surgery, particularly percutaneous pedicle screw fixation, has shown promise in restoring

spinal stability with reduced soft tissue damage and faster recovery.
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Objectives: To evaluate the outcomes of treating thoracolumbar fractures via percutaneous pedicle screw
fixation.

Methods: A retrospective case series was conducted on 32 patients with unstable thoracolumbar
fractures (T11-L2) without spinal cord injury. Exclusion criteria included neurological deficits,
pathological fractures, or incomplete records. Operative time, blood loss, complications, VAS scores,
Cobb angles, and Macnab criteria were assessed. Surgery was performed under fluoroscopic guidance
via small incisions without muscle detachment.

Results: Among the 32 patients, 20 were males (62.5%) and 12 were females (37.5%), with a mean age
of 46.2 + 11.1 years. The average preoperative kyphotic angle was 14.4°+4.3°, which decreased to
8.1°£3.6° postoperatively (t value= 15.153; p<0.001). The mean pain score, measured by the visual
analog scale (VAS), was 6.8+1.5 preoperatively and decreased to 1.2+0.7 at six months postoperatively
(p<0.05). Intraoperative complications included one case of lateral pedicle wall injury. Postoperative
complications included one case of superficial infection at the surgical site. The Macnab criteria were
rated as excellent in 31 patients (96.9%) and good in 1 patient (3.1%).

Conclusions: Percutaneous pedicle screw fixation is a safe and effective method for treating unstable
thoracolumbar fractures without spinal cord neurological impairment.

Keywords: minimally invasive surgery; percutaneous pedicle screw fixation; thoracolumbar fracture.

RESUMEN

Antecedentes: En las fracturas toracolumbares inestables (FTI), la cirugia espinal minimamente
invasiva, en particular la fijacion percutanea con tornillos transpediculares, demuestra ser prometedora
para restaurar la estabilidad espinal, con menor dafio a los tejidos blandos y recuperacién més rapida.
Objetivos: Evaluar los resultados del tratamiento de FTI mediante fijacion percutanea de tornillos
transpediculares.

Meétodos: Serie de casos retrospectiva de 32 pacientes con FTI (T11-L2), sin lesion medular. Criterios
de exclusion: déficits neurologicos, fracturas patologicas o expedientes incompletos. Se evalud: tiempo

operatorio, pérdida de sangre, complicaciones, puntuaciones de la escala visual analégica (EVA),
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angulos de Cobb y criterios de Macnab. La cirugia se realizdé bajo guia fluoroscopica, a través de
pequefias incisiones, sin desprendimiento muscular.

Resultados: Segun sexo: 20 hombres (62,5 %) y 12 mujeres (37,5 %); edad media 46,2 + 11,1 afios.
Angulo cifético preoperatorio promedio: 14,4 ° + 4,3 °, disminuy6 a 8,1 ° + 3,6 ° después de la cirugia
(valor t= 15,153; p<0,001). Puntaje promedio de dolor (EVA): 6,8+ 1,5 antes de la operacion,
disminuyé a 1,2 + 0,7, a los 6 meses postoperatorios (p< 0,05). Complicaciones intraoperatorias: 1 caso
de lesion de pared lateral del pediculo; las postoperatorias, 1 caso de infeccion superficial en sitio
quirdrgico. Segun criterios de Macnab: excelente en 31 pacientes (96,9 %) y bueno en 1 paciente (3,1 %).
Conclusiones: La fijacion percutanea de tornillos transpediculares es un método seguro y eficaz para
tratar fracturas inestables toracolumbares sin afectacion neuroldgica de la médula espinal.

Palabras clave: cirugia minimamente invasiva; fijacion percutdnea de tornillos transpediculares;

fractura toracolumbar.
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INTRODUCTION

Spinal trauma is a common surgical emergency, accounting for approximately 6% of all trauma cases.
Among these, thoracolumbar spinal injuries (T11-L2) are the most common, accounting for
approximately 60-70% of cases. The majority of these injuries are unstable spinal fractures without
spinal cord injury, accounting for 80-85% of cases.Y) Managing thoracolumbar fractures is a significant
challenge that requires close multidisciplinary collaboration to achieve optimal outcomes.

Traditional surgical methods for treating thoracolumbar fractures have notable limitations, including long
incisions, extensive muscle dissection, and transection, which result in significant soft tissue damage,

increased intraoperative blood loss, a greater risk of infection, and prolonged hospital stays. Furthermore,

http://scielo.sld.cu
https://revmedmilitar.sld.cu

Bajo licencia Creative Commons [@IolEI®


http://scielo.sld.cu/
https://revmedmilitar.sld.cu/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Revista Cubana de Medicina Militar

2025;54(2):025076199

damage to the paraspinal muscles during surgery can lead to subsequent muscle degeneration and
atrophy.@?

In recent years, minimally invasive surgery has emerged as a groundbreaking solution.*>¢7) Specifically,
compared with traditional open surgery, percutaneous pedicle screw fixation has several advantages,
including minimal soft tissue damage, reduced blood loss, fewer postoperative complications, and shorter
recovery times.®9

To evaluate the effectiveness of this minimally invasive technique in our region, we conducted a study

on the outcomes of treating thoracolumbar fractures via percutaneous pedicle screw fixation.

METHODS
Study design

This retrospective descriptive study included 32 patients with unstable thoracolumbar fractures without
spinal cord neurological deficits.

Subjects
The study subjects included patients diagnosed with thoracolumbar spinal fractures who underwent
percutaneous pedicle screw fixation at 121 Military Hospital in Can Tho city, Vietham from July 2022

to October 2023.
Inclusion criteria

« Patients with unstable thoracolumbar fractures classified according to the AO system as types A3,
A4, B1, or B2.
« No neurological deficits were observed, as confirmed by Frankel E.

« Underwent percutaneous pedicle screw fixation for spinal stabilization.
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Exclusion criteria

« Patients who previously underwent posterior spinal fixation surgery.

o Congenital spinal deformities such as scoliosis or kyphosis.

o Compression fractures due to pathology, such as tumors, tuberculosis, or severe osteoporosis, are
unsuitable for simple pedicle screw fixation.

« Coagulation disorders pose a surgical risk.

Variables
The study assessed several key variables, including age and sex for each participant. Clinical and imaging
features, including the cause of injury, VAS pain score, fracture location, and classification of
thoracolumbar vertebral fractures, were evaluated. Surgical outcomes were assessed by the accuracy of
screw placement, graded according to the Heary classification (grades 1-V):“9 Grade | indicates the
screw is entirely situated within the pedicle; Grade Il refers to the screw perforating the lateral pedicle
wall, though its tip remains fully contained within the vertebral body; Grade 11l occurs when the screw
tip extends through the anterior or lateral aspect of the vertebral body; Grade IV denotes the screw
breaching the medial or inferior wall of the pedicle; and Grade V describes the screw violating the pedicle
or vertebral body, posing a direct threat to the spinal cord, nerve roots, or great vessels, and thus
necessitating immediate corrective surgery. Operative time, intraoperative blood loss, hospital stay
duration, complications, radiological outcomes (Cobb angle), and VAS scores were recorded and
analyzed. Both intraoperative and postoperative complications were documented, alongside VAS pain
scores at 1, 3, and 6 months. Finally, functional outcomes were evaluated using Macnab’s criteria at the
6-month postoperative mark.
Percutaneous pedicle screw fixation procedure

Step 1: Patient position: All procedures were performed under general anesthesia. The patient was
positioned prone on the radiolucent table, and C-arm fluoroscopy was used to confirm clear visualization
of the fractured vertebra and pedicle. The spinous process was centered between the pedicles, and the

endplates of the vertebral body to be instrumented were parallel to one another.
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Step 2: Needle Insertion: The skin incision was made approximately 1-1.5cm lateral to the outer border
of the pedicle or at the tip of the transverse process. Under C-arm fluoroscopic guidance, a Jamshidi
needle was advanced through the incision, targeting the outer edge of the pedicle at the 3:00 position on
the right side and 9:00 on the left. The needle was inserted to a depth of 2025 mm within the pedicle,
with continuous fluoroscopic confirmation to ensure that it remained lateral to the medial pedicle wall.
Proper trajectory and depth were confirmed in both anteroposterior and lateral views before proceeding
with guidewire insertion (Fig.1A).

Step 3: Screw insertion, reduction, and stabilization: Confirm the screw trajectory via the C-arm in the
lateral view (verify that the needle reaches the medial pedicle edge in the anteroposterior view and the
middle of the pedicle body in the lateral view). The needle was advanced into the vertebral body
(approximately halfway along the posterior vertebral body). A guidewire was inserted through the needle,
and the Jamshidi needle was removed. Sequential dilators were used to gently separate the soft tissue,
beginning with 5.0 mm and 6.0 mm dilators, followed by a 9.3 mm large dilator. A working cannula was
then inserted to maintain the pathway for screw insertion. Pedicle preparation was performed using a
cannulated tap with a diameter of 4.5 mm to 5.5 mm depending on the screw size. In cases of particularly
hard bone, the self-drilling tap option was employed. Fluoroscopy was used to confirm guidewire and
Tap positions throughout. Screw length was estimated by referencing the depth markings on the tap
against the rim of the large dilator. After tapping, the dilator was removed while keeping the guidewire
in place. Prior to screw insertion, the Screw Extenders were assembled by inserting the Inner Sleeve into
the Extender and compressing the flexible tabs. The complete Extender-Screw assembly was advanced
over the guidewire and into the pedicle. If resistance was encountered, the assembly was withdrawn, and
the pedicle was retapped using a tap of the same diameter as the selected screw. Cannulated pedicle
screws with a shaft length of 40-45 mm and diameters of 5.5-6.0 mm were used. The multiaxial heads
allowed rod connection through the percutaneous system. Care was taken not to over-insert the screw, as
excessive force on the multiaxial head could compromise its mobility, complicating rod placement in

subsequent steps. Once the screw was fully seated, the guidewire was removed (Fig.1B).
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Fig. 1 - Percutaneous pedicle screw fixation in the thoracolumbar spine: A 43 year-old male patient with a

incomplete burst fracture (AO A3) at T12 with more than 50% vertebral body compression and retropulsion of
bone fragments. (A): Needle insertion step: Under C-arm fluoroscopic guidance, Jamshidi needles were inserted
through small skin incisions at the lateral border of the pedicle; (B): Surgical view showing bilateral stab
incisions and final construct with 4 screws, one level above and below the fractured vertebra; (C): The small skin

incisions on both sides measure approximately 1.2 cm.

Data analysis
Data were processed and analyzed via SPSS 23.0 software. A paired comparison method was used to
evaluate the effectiveness of the intervention before and after treatment in the same subjects. For pain
level assessment, the Cobb angle before and after surgery (quantitative variables), a t test was applied if
the data followed a normal distribution; the Wilcoxon test was used if the distribution was not normal. A
p value of < 0.05 was considered statistically significant.
Ethical considerations

The study was conducted following approval from the Ethics Council in Biomedical Research, Can Tho
University of Medicine and Pharmacy, under approval number 22.102.HV-DHYDCT and was
authorized by the Directorate of 121 Military Hospital. The study was in line with the Declaration of
Helsinki. Written informed consent was obtained from all participants after full explanation.
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RESULTS

General characteristics
There was a greater proportion of males (20 patients; 62.5%) and 12 females (37.5%). The average age
of the patients was 46.2 = 11.1 years, with the youngest patient being 20 years old and the oldest being
70 years old. The majority of patients were in the working-age group (20-60 years), with 27 cases
accounting for 84.4%. The largest subgroup was 41-50 years old, with 11 cases (34.4%).

Clinical characteristics and imaging findings of thoracolumbar spine fractures
Fall from height was a common type of accident associated with thoracolumbar fracture, with 14 cases,
accounting for 43.8% of all accidents. Traffic accidents and falls during daily activities have similar
frequencies, with 9 cases each, representing 28.1%. The preoperative average VAS score was 6.8 + 1.5.
Most patients experienced severe back pain (VAS score 7-8) in 16 patients, accounting for 50.0% of all
patients. Moderate pain (VAS score ranging from 4-6) was reported in 11 patients (34.4%). Worst pain
(VAS score 9-10) was observed in 5 patients (15.6%). The most common level of injury was L1, with
16 patients (50.0%). Burst fractures (A3, A4) accounted for the highest proportion, with 29 cases (90.6%)
(table 1).
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Table 1 - Clinical Characteristics and Imaging of Thoracolumbar Spine Fractures

Variable ‘ Frequency (n= 32) | Percentage (%0)
Causes
Fall from height 14 43.8
Traffic accident 9 28.1
Fall during daily activities 9 28.1
Pain score (VAS)
Mild (1-3) - -
Moderate (4-6) 11 344
Severe (7-8) 16 50.0
Worst (9-10) 5 15.6
Mean + SD 6.8+15
Fracture level
T12 8 25.0
L1 16 50.0
L2 8 25.0
AQ Classification

A3 22 68.7
Ad 7 21.9
Bl 3 9.4
B2 - -
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Outcomes

pre-op post-op 3 days post-op 1 month post-op 3 post-op 6
months months

Fig. 2 - Changes in the average pain level based on the VAS score.

There was a significant improvement in the average pain level based on the VAS score after surgery.
Three days after surgery, the average pain score decreased to 3.5 + 1.2, compared to 6.8 + 1.5 before
surgery, and further decreased to 1.2 + 0.8 at the 6-month follow-up (Fig. 2). The differences in pain
levels across these time points were statistically significant (pair-sample t test, p< 0.05).

The mean surgical duration was 84.2 £ 22.8 minutes, ranging from 70-150 minutes. The mean blood loss
was 46.1 + 39.6 ml, ranging from a minimum of 10 ml to a maximum of 150 ml. The average duration
from surgery to discharge was 7.1 + 6.7 days, with the shortest duration being 5 days and the longest
duration being 13 days. The accuracy of pedicle screw placement, according to Heary’s criteria, was
96.9%, with one case in which the screw was placed on the lateral wall of the pedicle without causing
neural damage (3.1%). The mean Cobb angle before surgery was 14.3 + 4.3, whereas the average Cobb
angle after surgery was 8.1 + 3.6. A significant difference (p< 0.001) was observed in the degree of spinal
alignment correction during surgery (table 2). An illustrative case showing radiographic changes in Cobb
angle before and after correction is presented in Fig. 3.
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Table 2 - Surgical outcomes

Variable ‘ Frequency (n=32) ‘ Percentage (%)
Surgical duration
<90 min 25 78.1
> 90 min 7 21.9
Mean + SD (min) 84.2+22.8
(range) (70 — 150 min)
Blood loss
<50 ml 23 71.9
> 50 ml 9 28.1
Mean + SD (ml) 46.1 +39.6
(range) (10— 150 ml)
Length of stay
<7 days 24 75
> 7 days 8 25
Mean + SD 7.1+6.7
(range) (5 — 13 days)
Screw exact via Heary criteria
Grade | 31 96.9
Grade Il 1 31
Grade I1I-V - -
Complications
Infection 1 3.1
Hemorrhage - -
CSF Leakage - -
Neurological damage - -
Macnab’s criteria
Excellent 31 96.9
Good 1 3.1
Fair-poor - -
Cobb angle Mean + SD tvalue| p value*
Pre-op 143+43
15.153| <0.001
Post-op 8.1+3.6

*Pair-sample T test.
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Fig. 3 - Percutaneous pedicle screw fixation for L1 unstable fracture type A3 according to the AO classification,

Frankel E score. (A): Lateral view of X-ray showed L1 unstable burst fracture type A3 according to AO
classification (white arrows). (B): Anteroposterior C-arm view of pedicle screw fixation. (C): Lateral C-arm
view of pedicle screw fixation and the height of body was restored (white arrows).

DISCUSSION

General characteristics
In the series, 32 patients, 20 males (62.5%) and 12 females (37.5%) with thoracolumbar spine fractures,
underwent percutaneous pedicle screw fixation. The average age of the patients was 46.2 + 11.1 years,
with the youngest patient being 20 years old and the oldest being 70 years old. The majority of patients
were in the working-age group (20 — 60 years), with 27 cases accounting for 84.4%. The largest subgroup
was 41-50 years old, with 11 cases (34.4%). This findings are consistent with those of other studies, such
as those by McAnany SJ et al.*V) and Hong SH et al.*?

Clinical features and imaging of thoracolumbar spinal fractures

Clinical features
Similarities were found when comparing the causes of injury in the current study with those reported by
other authors, both domestic and international. Vanek P et al.*® conducted a study on 19 cases of
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percutaneous pedicle screw fixation and reported that falls from a height were the most common cause,
accounting for 10 cases. In such falls, the mechanism of injury is often compressive along the longitudinal
axis, with the majority of injuries being mild and causing vertebral body collapse. This type of injury is
typically suitable for percutaneous pedicle screw fixation.
Preoperatively, the average VAS pain score was 6.8 + 1.5, with most patients experienced severe back
pain (VAS score 7-8) in 16 patients, accounting for 50.0% of all patients. Moderate pain (VAS score 4—
6) was reported in 11 patients (34.4%), whereas worst pain (VAS score 9-10) was observed in 5 patients
(15.6%). For patients with spinal fractures without neurological deficits, pain is often a hallmark
symptom, prompting imaging studies to assess the injury and guide treatment.

Imaging characteristics
Current study revealed that fractures were most common at the L1 vertebra in 16 patients (50.0%). These
results are consistent with those of previous studies, such as those by Fitschen-Oestern S et al.*4 and
Hong SH et al.*?, who reported that L1 and T12 were the most commonly affected levels. The
thoracolumbar junction is particularly vulnerable to injury because it is located at the transition point
between the rigid thoracic spine and the more mobile lumbar spine. Additionally, T11 and T12 are free-
floating ribs that do not attach directly to the sternum, reducing stability. The facet joints of the lumbar
spine are oriented in the sagittal plane, in contrast to the frontal plane of the thoracic spine.
With respect to the AO thoracolumbar injury classification, burst fractures (A3, A4) accounted for the
greatest proportion, with 29 cases (90.6%), which is in line with the findings of Fitschen-Oestern S et
al.®¥, where A3 fractures were the most common.

Surgical Outcomes
There was a significant improvement in the average pain level according to the VAS score, with a
postoperative score of 3.5 + 1.2 on the third day compared with 6.8 + 1.5 before surgery and 1.2 £ 0.8 at
6 months after discharge. The differences in average pain levels at these time points were statistically
significant, with p< 0.05. The percutaneous pedicle screw fixation method is a minimally invasive
approach that helps reduce pain and accelerate recovery, with a low complication rate of 1/32 patients
(3.1%).
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In this study, the average amount of blood loss during surgery was minimal. Elenany SA et al.®) reported
an average blood loss of 174 ml. Afolabi A et al.® reported 136 ml versus 606 ml in open surgery. The
minimally invasive percutaneous pedicle screw method with a small incision causes minimal tissue
damage and helps reduce blood loss.

The average Cobb angle in current study group before surgery was 14.3 ° £ 4.3 °, and after surgery, the
average Cobb angle was 8.1 ° + 3.6 °. This change was statistically significant at p< 0.001. Elenany SA
et al.? reported that the correction angle was 3.3 °. Previous studies have shown that, compared with
open surgery, spinal alignment correction is not a major advantage of percutaneous screw fixation. For
patients with significant kyphosis, open surgery should be considered to achieve appropriate
alignment.(6:17)

The study evaluating the outcomes of percutaneous pedicle screw fixation for treating unstable
thoracolumbar fractures without spinal cord injury revealed substantial improvements in both spinal
alignment and pain management. Specifically, the kyphotic angle decreased from 14.4° to 8.1°, and the
VAS pain score improved significantly, from 6.8 to 1.2, within six months postoperatively. These results
align closely with those from other studies that have evaluated similar surgical approaches.®1€)
Esposito F et al.*”) reported reduced hospital stays, with patients who underwent minimally invasive
surgery remaining an average of 1.5 days less than those who underwent open surgery. In terms of
complications, minimally invasive surgery was associated with a reduction in infection rates and other
adverse events. These findings mirror current study, where we observed a low complication rate—one
case of superficial infection and one case of lateral pedicle wall injury—further supporting the safety and
efficacy of the minimally invasive approach.

In a prospective study by Elenany SA et al.?, the role of percutaneous fixation was assessed for
thoracolumbar fractures. They reported that this technique not only provided excellent fracture stability
but also resulted in significant pain reduction, with patients showing a 70% decrease in VAS score
postoperatively. Similarly, current study revealed a reduction in the VAS score from 6.8 to 1.2, reflecting
comparable pain management outcomes. Additionally, Elenany SA et al.® reported that patients
experienced fewer complications, which aligns with the relatively low complication rate observed in

current study.
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Afolabi A et al.™ also compared percutaneous fixation with open surgery for treating thoracolumbar

fractures and reported that the minimally invasive group had a significantly shorter recovery time. In
their study, 85% of the minimally invasive patients returned to full activity within 3 months, whereas
only 50% of those who underwent open surgery returned. The results of this study demonstrate that
percutaneous pedicle screw fixation effectively reduces the kyphotic angle and improves postoperative
pain in patients with unstable thoracolumbar fractures without neurological deficits. Notably, the
minimally invasive approach resulted in reduced blood loss and shorter operative times, supporting its
feasibility in selected cases. Compared to open fixation techniques, this method preserved paraspinal
musculature and minimized soft tissue damage.®®”) The high success rate and low complication profile
in our series may be attributed to meticulous fluoroscopic guidance and standardized screw placement
techniques.

Percutaneous pedicle screw fixation with small incision and the use of a dilator system to separate soft
tissues and lumbar muscles, avoiding extensive dissection and electrocautery, such as in open surgery, is
very useful in reducing postoperative pain, minimizing blood loss during surgery, shortening the hospital
stay, reducing complications, and improving patient recovery. Therefore, percutaneous pedicle screw
fixation is considered a safe, valid, and effective treatment method for patients with thoracolumbar spinal
fractures without neurological deficits.®°1%

This study has several limitations. First, the small sample size and single-center design limit the
generalizability of the results to broader populations. Second, no control group for comparison restricts
strong conclusions about the superiority of percutaneous pedicle screw fixation over open surgery.
Lastly, short follow-up period of 6 months may underestimate long-term complications or instrument-
related issues.

Percutaneous pedicle screw fixation is a safe and effective treatment method for unstable thoracolumbar
spine fractures without neurological deficits. It has high efficacy and low complication rates. There was

a significant improvement in the VAS score and Cobb angle postoperatively.
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