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ABSTRACT

Objective: Investigate the effect of closed reduction and per-
cutaneous pedicle screw fixation in treating thoracolumbar
fractures. Methods: This retrospective study analyzed 12 cases
of single-segment thoracolumbar spine fractures without spinal
cord and nerve injury at our department from March 2016 to
September 2017. Patients were treated with closed reduction,
percutaneous reduction, and internal fixation with solid pedicle
screws. The operation time, intraoperative blood loss, anterior
vertebral body height ratio (AVHR), Cobb angle (CA) of sagittal
kyphosis, and VAS of back pain were determined and statistically
compared. Results: The average operation time was 147.2 =
45.6 min, and the average intraoperative bleeding was 67.8
+ 34.2 mL. All fractured vertebrae were completely reduced,
their height was restored, and kyphosis was corrected. The
average follow-up period was 10.6 = 2.7 months, with significant
improvements seen in the AVHR, CA of sagittal kyphosis, and
VAS score (P < 0.01). One case had a broken rod after three
months, and another had a postoperative infection. All the
patients achieved bony healing. Conclusion: The treatment
of thoracolumbar fractures by closed reduction and internal
fixation with a percutaneous solid pedicle screw is simple,
effective, and economical. Level of Evidence VI; Therapeutic
Study, Case Series.
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RESUMO

Objetivo: Investigar o efeito da reducado incruenta e da fixagdo com
parafuso de pediculo percutaneo no tratamento das fraturas toraco-
lombares. Métodos: Este estudo retrospectivo analisou 12 casos de
fraturas toracolombares com segmento Unico sem lesdo medular ou
neural, encontrados no departamento dentro do periodo de margo de
2016 a setembro de 2017. Os pacientes foram tratados com redugéo
fechada e fixag&o interna com parafusos de pediculo percutaneo. O
tempo de operagdo, a perda sanguinea intra-operatoria, a relagao da
altura do corpo vertebral anterior (AVHR), o dngulo de Cobb (CA) da
cifose sagital e a EVA relativa a dor nas costas foram determinados
e comparados estatisticamente. Resultados: O tempo médio da
operagdo foi de 147,2+45,6 min, com sangramento intraoperatdrio
médlio de 67,8+34,2 mL. Todas as vértebras fraturadas foram com-
pletamente reduzidas, suas alturas foram restauradas e a cifose foi
corrigida. O periodo médio de acompanhamento foi de 10,6+2,7
meses, apresentando melhorias significativas observadas no AVHR,
CA da cifose sagital e pontuacao VAS (P <0,01). Um caso teve uma
haste quebrada apds 3 meses, e outro paciente apresentou uma
infecgdo pds-operatdria. Todos 0s pacientes alcangaram a recupe-
ragéo ossea. Concluséo: O tratamento das fraturas toracolombares
por redugdo fechada com fixacao interna pelo parafuso de pediculo
percutaneo é simples, eficaz e econémico. Nivel de Evidéncia IV;
Estudos Terapéuticos, Série de Casos.

Descritores: Redugéo Fechada. Fraturas da Coluna Vertebral.
Parafusos Pediculares. Fixagao Interna de Fraturas.

Citation: Cheng C, Li G, Luo Y, Lin Zhoudan. Treatment of thoracolumbar fractures by closed reduction via a percutaneous solid pedicle screw. Acta
Ortop Bras. [online]. 2023;31(1)Esp.: Page 1 of 4. Available from URL: http://www.scielo.br/aob.

INTRODUCTION

Recent developments in minimally invasive technology for spinal surgery
include the continuous invention and improvement of minimally invasive
surgical instruments. For thoracolumbar fractures without spinal cord
and nerve injury, more spine surgeons are starting to use the minimally
invasive method of closed reduction and percutaneous pedicle screw
and screw rod system reduction and fixation, and its clinical applications

are becoming more extensive as well."* However, the operation method
and instruments used still have shortcomings with regard to positioning,
screw placement, and reduction, which to a certain extent affects the
procedure and its outcomes. Fortunately, the invention and application of
anew solid pedicle screw system was able to remedy this. Since March
2016, our department has used this procedure in some thoracolumbar
fractures and has achieved good results.
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MATERIALS AND METHODS

This was a retrospective study based on medical records from the ar-
chives of our Hospital from March 2016 to September 2017 (Table 1).
This clinical study was approved by our Hospital Medical Ethical
Committee (No 923lI-ky-2023-002-01), and informed consent for
the surgical procedures and inclusion of data was obtained from
all patients. A total of 8 males and 4 females with an average age
of 34.8 years (range: 20-58 years) were enrolled in the study.
There were 6 cases of L1 fracture, 3 cases of T12 fracture, 2 cases
of L2 fracture, and 1 case of L5 fracture, all of which were single-
segment fractures, comprised of 6 cases of falling injury, 4 cases
of traffic accident injury, and 2 cases of heavy injury. All of them
were AQO type A fractures, with 5 cases of vertebral canal without
space-occupying bone mass, and 7 cases with different degrees
of fracture mass protruding into the vertebral canal. The affected
volume was less than 1/3, and except in 1 case was more than
1/2. Atotal of 7 cases were operated within 72 h, 4 cases within 5
days, and 1 case within 9 days. The clinical manifestations of all
patients were lumbago and back pain, limited lumbar motion, and
no lower extremity sensory, motor, or fecal dysfunction. Before the
operation, X-ray, CT, and MRI were performed in all cases. There
was no absolute contraindication.

Treatment method
Position reduction

All the patients were placed on a pad thin pillow immediately after
admission to the hospital. Analgesics were given, and the thickness
of the pillow was gradually increased if this was comfortable for
the patient.

After general anesthesia, the injured vertebra and the pedicles of
the upper and lower vertebra were

initially positioned via a positioner under G-arm fluoroscopy. After
disinfecting and spreading the towel, the needle was inserted
about 0.5-1 cm into the lateral projection of the pedicle to locate
the positioning needle. If there is any deviation after fluoroscopy,
the original needle can be retained. A special positioning regulator
(Figure 1) was inserted through the original needle, and another
needle was inserted into that positioning regulator in order to make
the corresponding adjustment according to the deviation direction
of the original needle. The positioning needle was directly adjusted
by slowly hammering it into the vertebral body; fluoroscopy was
performed during this time to ensure that the positioning needle
was located in the pedicle, until the positioning needle was located
in the middle of the vertebral body. A 2-cm longitudinal incision was
made along the positioning needle, cutting the skin, subcutaneous
tissue, and fascia, and performing blunt muscle separation. Then,
the soft tissue expander was inserted along the positioning guide

Table 1. Patient demographic data.
Demographic data Number
Male gender 8
Female gender 4
Age, years (range) 34.8 (20-58)
Mechanism of injury
Fall from height 6
Road traffic accident 4
Heavy object injury 2
Site of vertebral fracture (%)
T12 3 (25.0)
L16(50.0)
L22(16.7)

L51(8.3)
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Figure 1. Percutaneous solid pedicle screw system: A, solid pedicle
screw; B, positioning regulator; C, working channel; D, distractor.

needle, leaving the outer sheath as the channel. Next, the opening
of the bone opener was inserted, the bone was drilled, and tapping
was performed. Finally, the positioning needle was pulled out, and
the appropriate solid pedicle screw was inserted. In general, a
single-side pedicle screw was placed in the injured vertebrae, and
two pedicle screws were placed in the upper and lower vertebrae.
After the screws were placed, a special small pull hook was placed
on both sides of the screw to expose the U-shaped groove of the
screws. After measurement, a titanium rod of appropriate length was
pre-bent and then placed in the U-shaped groove. The operating
table was adjusted to raise the head and tail of the bed. A special
distractor was placed at the joint of the screw and the titanium rod.
The lever principle was used to carry out the operation of vertebral
body distraction and reduction. Fluoroscopy was used to confirm
whether the reduction of the fracture vertebral body was satisfactory,
the height of the vertebral body was restored, and kyphosis was
corrected. Later, the nuts were tightened, the incision was closed,
and drainage was placed.

Postoperative management

After the operation, the sensation and movement of the lower limbs
were observed closely. Antibiotics were used to prevent infection.
The drainage tube was left for 1-2 days, and it was removed after
the drainage fluid was less than 50 mL. On the second day after
the operation, the patients could get out of bed with braces, but
bed rest was still advised. The brace was fixed for 3—4 months.
After the operation, the anteroposterior (AP) and lateral view X-rays
were reviewed regularly to observe the fracture healing, vertebral
height, and physiological curvature of the spine.

Statistical analysis

Data were recorded before and after the operation and at the last
follow-up visit. The data included height of the vertebral body, Cobb
angle of sagittal kyphosis, and visual analog scale (VAS) score;
these were compared via the SPSS10.0 software(SPSS Inc., Chi-
cago, IL) for the t-test, with P < 0.01 considered to be statistically
significant.

RESULTS

The operation time lasted an average of 147.2 + 45.6 min (range:
95-240 min), and the average intraoperative blood loss was 67.8
+ 34.2 mL (range: 20120 mL). Postoperative follow-up happened
after an average of 10.6 = 2.7 months (range: 6-13 months).
All fractured vertebrae were completely reduced, the height of
the vertebrae was restored, and kyphosis was corrected. The
height of the vertebral body, sagittal kyphotic Cobb angle, and
VAS scores, taken before the operation, the second day after
the operation, and at the last follow-up, are all shown in Figure 2
and Table 2. All these variables significantly improved after the
operation and at the last follow-up (P < 0.01). After 3 months, 1
case had a broken rod, but the fracture healed well after follow-up
examination, no screw loosening was found, and the patient had

Page 2of 4



Figure 2. A 32-year-old man with a burst fracture of the lumbar vertebrae.

A, B: preoperative X-ray; C: preoperative MRI; D: intraoperative posi-
tioning and then inserting the guide needle; E, F: postoperative X-ray;
G: postoperative incision; H: review of X-ray after 1 year of operation.

Table 2. Perioperative anterior vertebral body height ratio (VBH), Cobb
angle of sagittal kyphosis (CA), and visual analog scale (VAS) (x = s,
n=12).

VBH CA VAS
Preoperative 724+94144+6.7 6.6+09
Postoperative 99.5+8.165+4.3 1.9+0.6°
Last follow-up 97.6+8469+43 0.8+0.7

*Compared with postoperative, final follow-up, P < 0.01.

no uncomfortable symptoms. Another patient had postoperative
infection, but after antibiotic treatment, symptoms improved and
the patient was discharged from the hospital. Half a year later,
the upper vertebra space collapsed, but this recovered to normal
after a reoperation.

DISCUSSION

Most thoracolumbar fractures can yield good results through con-
servative treatment. With the invention and application of pedicle
screws, surgical treatment has become an important means of
thoracolumbar fracture treatment. It can restore the height of the
vertebral body, correct kyphosis, immediately relieve symptoms,
and get patients out of bed as soon as possible, greatly reducing
the incidence of bed complications.

With the advancements of minimally invasive surgery, percutaneous
pedicle screw placement technology has developed rapidly as well,
which can improve the current surgical treatment for thoracolumbar
fractures.*® Percutaneous pedicle screw insertion technology is
usually operated step-by-step under the fluoroscope of a C-arm
or G-arm with the help of special surgical instruments. Currently,
the most commonly used percutaneous pedicle internal fixation
systems are the Viper system from DePuy, the sextant system from
Medtronic, the Matis system from Stryke, and the upass system from
the domestic company Weigao; these are all hollow pedicle screw
systems. The minimally invasive treatment of vertebral fractures has
achieved good results and is already being widely used.”® However,
there are still some weaknesses in the hollow pedicle system. First,
there is no advantage in the positioning process. Although there is
C-arm or G-arm fluoroscopy, it is not easy to find the ideal screw
entry point accurately in the closed state, which is completely
based on the experience and hand feeling of the operator. Second,
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most of the hollow screws are multiaxial screws, and the strength
of their vertebral body reduction is not enough. Third, the design
of reduction equipment is unreasonable and does not yield good
results in terms of vertebral body reduction.

The key to reducing vertebral fractures lies in the reduction ability
and maintenance ability of the screws. Arbash et al.® found that,
although there is no statistical difference between solid and
hollow screws in maintaining the correction of kyphosis and
vertebral height, the former has stronger correction ability. The
reduction devices and techniques also play an important role. The
improvement of several reduction devices and the reasonable
application of reduction techniques have achieved satisfactory
reduction results.'*'3 In light of the previously mentioned problems,
He Xinning™ designed a percutaneous solid pedicle screw system.
This system uses a short tail solid uniaxial pedicle screw, with a so-
phisticated positioning needle regulator and distraction reduction
forceps, so that the whole operation process is easier and more
programmed, and the effect is better. It has three advantages.
First, as long as the first puncture of the positioning needle is
not too biased, most of them can be corrected by inserting the
positioning needle into its regulator and then inserting another
positioning needle according to the direction of deviation; this
saves time from the traditional method of positioning with a fluo-
roscope. Second, the solid uniaxial pedicle screw has the same
effect as a conventional open screw in its fixation and distraction
functions, making it better than the hollow multiaxial screw. Third,
the design of the distraction reduction forceps makes full use of
the mechanical principle of the lever and combines it with the
position reduction before and during the operation; thus, reduction
of the vertebral body becomes very easy.

In our study, the percutaneous solid pedicle screw system was used
for minimally invasive surgery, and the whole process of positioning
and puncture was relatively smooth. Compared with the previous
hollow screw fixation system, the positioning time was greatly
shortened, and the number of fluoroscopy was significantly reduced,
which was greatly beneficial for patients and doctors. Although it
is a solid screw, the process of pedicle screw placement is not
different from that of a hollow screw. Depending on the preparation
of agood working channel, screw placement is generally easy. The
greatest advantage of this set of solid screws lies in its strong ability
to reduce vertebral fracture. The unique fixation characteristics of
uniaxial screws, which have more strength to open and reduce the
vertebral fractures, make up for the disadvantages of multiaxial
screws with uncertain direction. In combination with the role of body
position reduction and distractor, most of the fractured vertebral
bodies were completely reduced, and the height of the vertebral
body was restored, kyphosis was corrected, and the bone blocks
protruding into the vertebral canal were restored. No case needed
open reduction or decompression.

The study showed that, except for a few cases with a long operation
time in the early stage, the operation time in the later stage was
significantly shortened due to the improvement of the proficiency
of instrument operation. Generally, the operation can be completed
in over an hour, and the amount of blood loss in the operation was
very small, with an average of about 40 mL. The postoperative
pain was significantly improved, and the VAS score significantly
improved after the operation and the last follow-up. The height of
the vertebral body generally recovered after the operation. Although
some cases lost height at different degrees at the last follow-up, this
had no significant difference compared with the postoperative data.
The Cobb angle of sagittal kyphosis decreased after the operation,
and this was slightly lost in some cases at the last follow-up, but this
was not significantly different compared with the postoperative data.
We also analyzed reasons for the loss of the height of the vertebral
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body and Cobb angle of the sagittal kyphosis of the spine during
the last follow-up. Two main factors are considered. The firstis being
allowed to leave bed too early. Although the fractured vertebral body
can be reduced by surgery, it is difficult for the cancellous bone to
reexpand, leaving a gap in the vertebral body. If the patients start to
walk without complete bone healing, it may be difficult to maintain
the dimension only through the support of the screws, so the height
of the vertebral body is lost and it is easy to break the screw and the
rod. In our group, there was a broken rod. Although the final fracture
healing was good, it also increased the risk of fracture healing and
reduced the quality of fracture healing. The second factor is that
there is no bone graft in the vertebral body and the space in the
vertebral body is not filled, affecting the speed of fracture healing,
thus leading to the collapse of the vertebral body after getting out of
bed. On the basis of the above, there are two areas of improvement.
The first is to carry out intravertebral bone grafting and transpedicular
allogeneic bone grafting. The second is to either appropriately delay
the time of getting out of bed or impose restrictions when doing so.
This can be carried out by wearing supportive protection and strictly
controlling the time spent outside of bed. A number of studies have
confirmed that percutaneous pedicle screw reduction and fixation at

the fractured vertebra for thoracolumbar fractures is associated with
better recovery and a maintained height of the injured vertebra.’®'6 In
the later cases of our group, the method of fixation and reduction of
the injured vertebra by a percutaneous pedicle screw at the fractured
vertebra was used routinely with positive outcomes.

Although the percutaneous solid pedicle screw system has obvious
advantages for the reduction of thoracolumbar fractures, there are
still some problems in the system that need further improvement.
For example, the screw can be designed as a long tail nail to
make titanium rod implantation and other operations easier. Some
improvements of the distractor also need to be made in order to
make the procedure easier.

CONCLUSIONS

In this preliminary retrospective study of 12 patients, we have shown
that closed reduction and percutaneous internal fixation using
a solid pedicle screw system in the treatment of thoracolumbar
fractures could effectively restore and maintain vertebral height. This
is a relatively simple, acceptable, low-cost, and minimally invasive
surgical choice for patients with type A thoracolumbar fractures.

AUTHORS’ CONTRIBUTION: CC supervised the entire project and wrote the manuscript with comments from all coauthors. CC and GL patrticipated in
the study design. CC, GL, YL and ZL processed the data collection and analysis. All authors read and approved the final manuscript. We have no potential

conflict of interest and copyright constraints.

REFERENCES

1. Charles YP, Walter A, Schuller S, Steib JP. Temporary Percutaneous Instrumen-
tation and Selective Anterior Fusion for Thoracolumbar Fractures. Spine (Phila
Pa 1976). 2017;42(9):E523-31.

2. Hu XD, Ma WH, Jiang WY, Chen YL, Ruan CY. Percutaneous pedicle screw
fixation combined with limited-open decompression technique for thoracolumbar
fractures with neurologic deficit. Zhongguo Gu Shang. 2018;31(1):62-6.

3. FanY, Zhang J, He X, Huang Y, Wu Q, Hao DA. Comparison of the Mini-Open
Wiltse Approach with Pedicle Screw Fixation and the Percutaneous Pedicle
Screw Fixation for Neurologically Intact Thoracolumbar Fractures. Med Sci
Monit. 2017;23:5515-21. doi: 10.12659/msm.905271.

4. ZhangW, LiH, ZhouY, Wang J, Chu T, Zheng W, et al. Minimally Invasive Posterior
Decompression Combined With Percutaneous Pedicle Screw Fixation for the
Treatment of Thoracolumbar Fractures With Neurological Deficits: A Prospective
Randomized Study Versus Traditional Open Posterior Surgery. Spine (Phila
Pa 1976). 2016;41(Suppl 19):B23-9. doi: 10.1097/BRS.0000000000001814.

5. Lorente R, Lorente A, Rosa B, Palacios P, Barrios C. Radiological outcomes of
unstable thoraco-lumbar fractures without neurological deficit treated through
percutaneous surgery. Neurocirugia (Astur). 2018;29(2):57-63.

6. TinelliM, Topfer F, Kreinest M, Matschke S, Grutzner PA, Suda AJ. Minimally invasive
reduction and percutaneous posterior fixation of one-level traumatic thoraco-lumbar
and lumbar spine fractures. Eur J Orthop Surg Traumatol. 2018;28(8):1581-7.

7. Chen Z, Zhao JQ, Fu JW, Yang XM, Chen Q. Modified minimally invasive
percutaneous pedicle screws osteosynthesis for the treatment of thoracolumbar
fracture without neural impairment. Zhonghua Yi Xue Za Zhi. 2010;90(21):1491-3.

8. WangH, ZhouY, Li C, Liu J, Xiang L. Comparison of Open Versus Percutaneous
Pedicle Screw Fixation Using the Sextant System in the Treatment of Traumatic
Thoracolumbar Fractures. Clin Spine Surg . 2017;30(3):E239-46.

9. Arbash MA, Parambathkandi AM, Baco AM, Alhammoud A. Impact of Screw

Acta Ortop Bras.2023;31npse1:6259041

Type on Kyphotic Deformity Correction after Spine Fracture Fixation: Cannulated
versus Solid Pedicle Screw. Asian Spine J. 2018;12(6):1053-9.

10. Zou W, Xiao J, Long H, He H, Wu C, Feng M, et al. Design and clinical application
of a new extracorporeal reduction device for percutaneous pedicle screw fixation
in treatment of thoracolumbar fractures. Zhongguo Xiu Fu Chong Jian Wai Ke
Za Zhi. 2017;31(1):66-72.

11.LiL, Dong Y, He Y, Liu X, Tong W. Treatment of Thoracolumbar Fractures by
Percutaneous Pedicle Screw Fixation Technique Combined with Three-step
Reduction. J Neurol Surg A Cent Eur Neurosurg. 2017;78(3):231-7.

12. Yang M, Zhao Q, Hao D, Chang Z, Liu S, Yin X. Comparison of clinical results
between novel percutaneous pedicle screw and traditional open pedicle screw
fixation for thoracolumbar fractures without neurological deficit. Int Orthop.
2019;43(7):1749-54.

13. Zhao Q, Hao D, Wang B. A novel, percutaneous, self-expanding, forceful
reduction screw system for the treatment of thoracolumbar fracture with severe
vertebral height loss. J Orthop Surg Res. 2018;13(1):174.

14.Yong DZ, Chu FJ, Wei G, Ning HX, Xiang L, Sheng L, et al. The Application
of Auxiliary System for Percutaneous Pedicle Screws Osteosynthesis on the
Treatment of Thoracolumbar Vertebra Fracture. Journal of Practical Orthopaedics.
2014;20(6): 484-7.

15. Caruso G, Lombardi E, Andreotti M, Lorusso V, Gildone A, Padovani S, et al.
Minimally invasive fixation techniques for thoracolumbar fractures: comparison
between percutaneous pedicle screw with intermediate screw (PPSIS) and
percutaneous pedicle screw with kyphoplasty (PPSK). Eur J Orthop Surg
Traumatol. 2018;28(5):849-58.

16. Li K, Li Z, Ren X, Xu H, Zhang W, Luo D, et al. Effect of the percutaneous
pedicle screw fixation at the fractured vertebra on the treatment of thoracolumbar
fractures. Int Orthop. 2016;40(6):1103-10.

Page 4 of 4



	_Hlk59996772
	_Hlk62506642
	_Hlk59996918

