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Abstract
Introduction

Upper lumbar burst fractures (L1or L2) are often followed by bilateral pedicle screw �xation at the level of
fracture using posterior short-segment pedicle instrumentation. However, it can aggravate the trauma to
the fractured vertebra. We have introduced a modi�ed technique of posterior short-segment
instrumentation for the treatment of upper lumbar burst fracture. The aim of this study was to compare
the clinical and radiologic results of modi�ed technique versus conventional technique using posterior
short-segment pedicle instrumentation in the treatment of upper lumbar burst fractures.

Methods

The data from 64 patients with upper lumbar burst fracture who had undergone posterior short-segment
instrumentation from April 2014 to November 2018 in our clinic were evaluated in the present
retrospective study. All the patients were divided into 2 groups according to the surgical technique,
including 27 patients (modi�ed order of intraoperative pedicle screw placement) in modi�ed group and
37 patients (conventional order of intraoperative pedicle screw placement) in conventional group. The
clinical outcomes and radiological parameters were evaluated preoperatively, postoperatively, at 3-month
follow-up and �nal follow-up.

Results

Technical success was achieved in all 64 patients. The operation time of modi�ed group(130.4±32.4min)
is signi�cantly longer than conventional group (115.3±26.8min, p<0.05). Signi�cant improvement in the
anterior vertebral height(AVH) ratio (97.9%±6.7% in modi�ed group, 94.1%±7.8% in conventional group,
p<0.05) was found postoperatively, (100.1%±9.7% in modi�ed group, 89.6%±6.7% in conventional group,
p<0.01) at the 3-month follow-up and(98.8%±7.7% in modi�ed group, 90.9%±7.6% in conventional group,
p<0.01) at the �nal follow-up. And post-operative correction of AVH ratio was signi�cantly better in
modi�ed group (45.0%) than in conventional group (38.8%, p<0.01). There was 1 case of wound infection
in both groups respectively. No instrument loosening or failure, or breakage was observed during follow-
up.

Conclusions

Modi�ed technique and conventional technique of posterior short-segment pedicle screw �xation for
upper lumbar burst fractures both provided immediate stability and reduction of post-traumatic
segmental kyphosis. In addition, modi�ed technique of posterior short-segment pedicle screw �xation
seems to be a promising method for upper lumbar burst fractures because it led to better reduction of
fractured vertebra than in patients who received conventional technique.

Introduction
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Most traumatic thoracolumbar fractures occur at the thoracolumbar junction (T11-L2)[1]. Operative
treatment should be considered when anterior vertebral body height loss exceeds 50%, when the spinal
canal is compromised by more than 50%, or when angulation is greater than 20°[2]. Recently,
Thoracolumbar Injury Classi�cation and Severity(TLICS) score which took fracture morphology,
neurological injury and the integrity status of posterior ligamentous into account has been applied to
assess spinal stability and determine operative or nonoperative treatment[3]. According to this
classi�cation, surgical intervention is suggested for a score≥5 points, and conservative nonoperative
treatment for a score≤3 points[3; 4]. Currently the right approach and instrumentation techniques continue
to be controversial[5]. Nowadays, several surgical techniques, including posterior, anterior, open, minimally
invasive, and combined posterior-anterior ones, are available for the treatment of thoracolumbar burst
fractures.

In recent years, short-segment pedicle screws �xation (inclusion of one level above and one level below
the fractured vertebra) offers the advantage of preserving motion of the spinal segments, a shorter
operative time, less blood loss, and less invasiveness so that it has become the most commonly surgical
technique[6; 7]. However, disadvantages of this method, such as high incidence of early instrumentation
failure, and increases in kyphosis, have been reported[8; 9]. To prevent these failures, some surgeons
suggested adding pedicle screws at the level of the fractured vertebra[5; 10]. Gradually, it is con�rmed that
this technique has better outcomes than patients with short-segment pedicle instrumentation. Its
advantages of increasing the stiffness of the construct and protecting the anterior column also have
been demonstrated by biomechanical studies[10; 11]. However, some groups have suggested that the
pedicle screw placement at the fracture level aggravate the trauma to the fractured vertebra. Therefore,
how to improve the curative effect of this technique is worthy of further study. Upper lumbar(L1-L2) burst
fractures are the most common injuries to the lumbar spine after compression fractures. In this study, we
aimed to compare the clinical and radiologic results of two techniques of posterior short-segment pedicle
screw �xation for treatment of upper lumbar burst fracture.

Materials And Methods
Subjects

From April 2014 to November 2018, 64 patients with acute, traumatic fractures of upper lumbar junction
(L1 or L2) have been treated with posterior pedicle screw �xation and fusion in our department. The
inclusion criteria for subjects were as follows: age between 18 and 60 years; single-level upper
lumbar(L1or L2) fracture; Thoracolumbar Injury Classi�cation and Severity score ≥4; fracture duration <1
weeks application of posterior short-segment pedicle screw instrumentation at the fracture level. Our
exclusion criteria were as follows: multisegmental lumbar fracture; Thoracolumbar Injury Classi�cation
and Severity score 4 long segment instrumentation; and pathological fractures. A written informed
consent was obtained from each patient before the surgical procedures for the use of their personal
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information for research purposes. The patients were divided into two groups according to the surgical
technique of posterior short-segment pedicle screw �xation.

Clinical and radiographic parameters

We had evaluated the age, gender, trauma etiology, fracture type, fracture level, and clinical and radiologic
outcomes of patients in two groups. The anteroposterior and lateral radiographs, computed tomography
(CT) and magnetic resonance imaging (MRI) scans of lumbar spine were taken for all the patients. We
classify the fracture type and to estimate the severity of the fracture by CT. And we veri�ed whether the
posterior ligamentous complex and spinal cord were damaged according to MRI. We use the
thoracolumbar injury classi�cation system[12] to evaluate the operative indication. The results were
compared in a retrospective, nonrandomized cohort study.

Radiologic parameters were assessed from the plain radiographs including local kyphosis angle (LKA),
and anterior vertebral height (AVH) and their mean value was quanti�ed. The ratio of the AVH was
determined using the following formula: AVH ratio = AVH/ [(superior vertebra AVH + inferior vertebra
AVH)/2] × 100 (Figure 1A). The local kyphosis angle (LKA) was measured between the superior and
inferior endplates of the injured vertebra using the Cobb method (Figure 1B) on the lateral radiograph.
Data for preoperative, immediate post-operative and follow-up radiological measures were collected. We
use Visual Analog Scale (VAS) scores to assess the clinical outcomes. We evaluated the presence of
implant failure including implant loosening, screw pullout, screw breakage, rod breakage, and an increase
in the LKA of more than 10° according to the follow-up radiographs[13].

 

Statistical analysis

The software Statistical Package for the Social Sciences (SPSS, version 25.0) was used for the statistical
analysis of the data. Continuous variables are expressed as the mean ± standard deviation. Categorical
variables are presented as numbers and/or percentages. Independent t tests were employed for the
comparison of continuous variables between groups and Pearson χ2 or the Fisher exact test were
employed in the comparison of categorical variables between groups. Any value of p-value < 0.05 were
considered signi�cant.

Surgical technique

All the patients were in the prone position. Under general anesthesia, posterior midline incision was
performed. The fracture level was generally identi�ed by C-arm. Modi�ed technique of posterior short-
segment instrumentation was performed as follows: four pedicle screws are �rst inserted into the
vertebrae one level above and below the fractured vertebra. Distraction is performed longitudinally on one
side using spreader forceps to restore lordosis and body height after connecting the rods and screws.
Then we temporarily �x the titanium rod of the distracted side, remove the titanium rod and insert one
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pedicle screw into the fractured vertebra on the contralateral side. Next, we replace the rod, distract
lengthwise and �x it. After that we remove the titanium rod on the previously distracted side, insert one
pedicle screw into the fractured vertebra and replace the rod. Finally we distract again and tighten
adjacent fractured vertebra screws nuts before we tighten the fractured vertebra screws nuts (Figure 2)
and install the cross link. Conventional technique of posterior short-segment instrumentation was
performed as follows: a total of six pedicle screws are inserted into the fractured vertebra and one level
above and below the fractured vertebra. After connecting the rods and screws, distraction is performed to
correct the deformity and achieve indirect decompression. The instrumentation is tightened by screw nuts
(Figure 3) and cross link �nally. After irrigation, the incision is closed in layers over the drain.

Decompressive laminectomy was only performed in one patient of modi�ed group with severe spinal
canal compression in pre-operative CT and MRI. Bone grafts of the injured vertebrae and vertebroplasty
were not conducted in all patients. The degree of kyphosis correction and signs of implant failure (such
as screw breakage, rod displacement/breakage, screw head dislodgement) were assessed by the
postoperative radiographs. More evaluated parameters were operative time and surgical complications.

 

Results
Patient demographics

This study contained a total of 64 patients, including 37 males and 27 females. Modi�ed group included
27 patients with the average age of 43.0 years (range: 26-60 years). This group contained 18 males and 9
females. Conventional group included 37 patients with the average age of 45.7 years (range: 29-59
years), which is consisted of 19 males and 18 females. No statistically difference was discovered
between the two groups in age and gender (p >0.05). All the patients in this study got the TLICS scores of
equal to or more than 4 points, which suggests operative treatment according to the Thoracolumbar
Injury Classi�cation and Severity score (TLICS). As for lumbar fracture level in modi�ed group, 20
patients were in L1 and 7 in L2. And in the conventional group, 21 in L1 and 16 in L2. The high falling
was the most common injury mechanism in both groups, followed by the road tra�c accident. There
were no signi�cant differences for TLICS scores, fracture level and mechanism of injury (p > 0.05). There
was one wound infection in each group respectively. All these complications were treated conservatively
with complete resolution. No other serious complications such as blood vessel injury, spinal cord or nerve
root injury related to surgery were observed in both groups. In all cases, fusions healed well and no
revision surgery was performed for loss of correction or failure of instrumentation during follow-up.

Table 1 Patient demographic and injury details
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Index Modi�ed group Conventional group p value

Number of patients 27 37  

Mean age(year) 43.0 45.7 0.223

Gender      

Male 18 19 0.220

Female 9 18

Mechanism of injury      

Vehicle accident 1 2 1.000

Falling 26 35

Level of fracture      

L1 20 21 0.154

L2 7 16

TLICS score      

4 8 19 0.280

5 5 6

6 2 0

7 5 6

8 7 6

Surgical complications      

Wound infection 1 1 1.000

Comparison of clinical data

As shown in Table 2, the mean operative time in modi�ed group is signi�cantly longer than conventional
group (130.4±32.4min in modi�ed group, 115.3±26.8min in conventional group, p = 0.046). The total
volume of blood loss was 290.7±186.1ml in the modi�ed group and 255.4±209.1ml in the conventional
group, which was not statistically signi�cant (p = 0.487). The postoperative drainage was 261.9±153.4ml
in the modi�ed group and 292.9±147.5ml in the conventional group, which was also not statistically
signi�cant (p = 0.417). Also, the VAS scores between two groups were similar for both groups (p > 0.05)
(Table 2).

Table 2 Operation values and VAS score
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Operative Characteristic Modi�ed group Conventional group p value

Operating time(min) 130.4±32.4 115.3±26.8 0.046

Blood loss(ml) 290.7±186.1 255.4±209.1 0.487

Postoperative drainage(ml) 261.9±153.4 292.9±147.5 0.417

VAS score      

Pre-operative 7.4±1.0 7.2±1.2 0.581

Post-operative 4.2±1.3 4.1±1.1 0.966

Last follow-up 2.0±1.3 2.0±1.0 0.972

Comparison of radiological data

Local kyphosis angle (LKA)

The average preoperative LKA was 13.8°±7.2° in modi�ed group and 10.7°±5.5° in conventional group,
which was signi�cantly corrected to 4.7°±4.6° and 4.1°±3.8° (all p < 0.05) after surgery, respectively. Post-
operative correction was slightly better in modi�ed group (66.9%) than in conventional group (64.5%)
without no statistical relevance (p = 0.725). There was a loss (mean 2.5° in modi�ed group and 4.5° in
conventional group) in the �nal follow-up, resulting in a mean LKA of 6.1°±6.2° and 8.8°±5.1°,
respectively. Correction loss in modi�ed group was slightly less than in conventional group. However, this
difference was also not statistically signi�cant (p = 0.186). These results are summarized in Table 3. To
conclude, the two groups were similar both in terms of post-operative sagittal alignment restoration and
correction loss at last follow-up.

Anterior vertebral height (AVH)ratio of the fractured vertebra

Signi�cant improvement in the AVH ratio (97.9%±6.7% in modi�ed group, 94.1±7.8 in conventional group,
p =0.043) was found postoperatively, (100.1%±9.7% in modi�ed group, 89.6%±6.7% in conventional
group, p =0.001) at the 3-month follow-up and(98.8%±7.7% in modi�ed group, 90.9%±7.6% in
conventional group, p =0.002) at the �nal follow-up. Post-operative correction was signi�cantly better in
modi�ed group (45.0%) than in conventional group (38.8%, p=0.007). There was a loss (mean 0.6% in
modi�ed group and 2.6% in conventional group) in the �nal follow-up. Correction loss in modi�ed group
was slightly less than in conventional group without no statistical relevance (p = 0.227). Changes of the
AVH ratio, which re�ect the fracture-induced wedge shape of the vertebral body, are presented in Table 3.
To conclude, modi�ed surgical method resulted in a better reconstruction of the original shape of the
vertebral body than conventional surgical method postoperatively. However, they shown no signi�cant
difference in correction loss at last follow-up. Figure 4 shows a representative case in the modi�ed group.

Table 3 Comparison of radiological data between groups
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  Modi�ed group Conventional group p value

Local kyphosis angle (LKA)      

Pre-operative 13.8±7.2 10.7±5.5 0.060

Post-operative 4.7±4.6 4.1±3.8 0.574

Follow-up at 3 months 5.7±4.4 8.0±4.7 0.147

Last follow-up 6.1±6.2 8.8±5.1 0.116

Correction loss 2.5±5.4 4.5±4.5 0.186

Correction (%) 66.9±27.1 64.5±26.2 0.725

Anterior vertebral

height ratio (%)

     

Pre-operative 52.9±10.0 55.2±6.7 0.263

Post-operative 97.9±6.7 94.1±7.8 0.043

Follow-up at 3 months 100.1±9.7 89.6±6.7 0.001

Last follow-up 98.8±7.7 90.9±7.6 0.002

Correction loss 0.6±4.5 2.6±6.5 0.227

Correction 45.0±9.6 38.8±8.2 0.007

Neurological outcome and complications

Based on muscle strength classi�cation, at admission 13 patients (48.15%) had Grade V muscle strength;
�ve patients (18.52%) had Grade IV muscle strength, and nine patients (33.33%) had Grade I to III muscle
strength in modi�ed group. Follow-up muscle strength was evaluated as following: Grade V muscle
strength (21 patients: 77.78%), Grade IV muscle strength (three patients: 11.11 %), and Grade I to III
muscle strength (three patients: 11.11 %). In a word, 14 patients out of 27 (51.9 %) showed muscle
strength improvement (Table 4).

As for conventional group, 28 patients (75.68%) had Grade V muscle strength; seven patients (18.92%)
had Grade IV muscle strength, and two patients (5.41%) had Grade I to III muscle strength at admission.
At follow-up, 34 patients (91.89) had Grade V muscle strength and 3 patients (8.11%) Grade IV muscle
strength. In conventional group, seven patients out of 37 (18.92%) showed muscle strength improvement
(Table 4). Patients with incomplete paralysis in the modi�ed group were more than those in conventional
group before operation, while statistical analysis showed no difference in postoperative muscle strength
between the two groups (p > 0.05).
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In modi�ed group, at admission eight patients (29.63%) had dysuria and four patients (14.81%) still had
dysuria after operation, which means four patients out of 27(14.81%) showed neurological improvement
(Table 4). In conventional group, at admission eight patients (21.62%) had dysuria and one patient
(2.70%) still had dysuria postoperatively, which means seven patients out of 37(18.92%) showed
neurological improvement (Table 4). Statistical analysis showed no difference between the two groups (p 
> 0.05).

Complications included one urinary infection and two deep wound infection, one in each group. All these
complications were treated conservatively with complete resolution. What’s more, instrumentation failure
such as bending, loosening, or breakage of the pedicle screws was not observed in any patient during the
follow-up period.

Table 4 Comparison of Neurological outcome and complications between groups

  Modi�ed group Conventional group p value

Preoperative muscle strength      

I-III 9 2 0.011

IV 5 7

V 13 28

Postoperative muscle strength      

I-III 3 0 0.117

IV 3 3

V 21 34

Preoperative dysuria 8 8 0.563

Postoperative dysuria 4 1 0.153

Complications      

Deep wound infection 1 1 1.000

Urinary infection 0 1 1.000

Discussion
The optimal treatment for thoracolumbar burst fractures is controversial[14]. The purpose of operation is
to relieve the compression caused by fracture block and provide reliable spine stability. The operation
approach includes anterior approach, posterior approach and combined anterior and posterior approach.
Each of them has its own advantages and disadvantages, and there is still controversy over the approach
selection. Posterior operation utilizing the tension of the posterior longitudinal ligament to restore the
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fracture block protruding in spinal canal has the advantages of easier exposure and operation, less
trauma, shorter operation time, less bleeding, and better three-dimensional �xation so on[15]. Its
superiority is also con�rmed by the study of Stancić et al[16]. In recent years, it is the most mainstream
operation for thoracolumbar burst fractures in many hospitals. Waqar et al[17] also considered that
posterior surgery is one of the most effective methods for the treatment of thoracolumbar burst fractures.
Although posterior long-segment pedicle screw �xation enhanced spinal stability, it sacri�ced the range of
activity of the spine, which may lead to low back stiffness, chronic pain and so on. However, posterior
short-segment pedicle screw �xation can not only maintain spinal stability and restore the height of
fractured vertebra but also can retain more spinal motion segments[18]. So the posterior short -segment
pedicle screw �xation is the mainstream technique for single segment vertebra burst fracture. body. In
this study, all patients were single upper lumbar burst fracture treated with posterior short-segment
pedicle screw �xation.

After internal �xation, when the spine is moving, it can produce a certain force of torque to the screw-rod
system, and the placement of the screw through the fractured vertebra can make the screws of the
fractured vertebra bear a certain amount of stress, which reduces the stress of the screws of the adjacent
superior and inferior vertebra[19]. The fractured vertebral screws divide the screw-rod �xation into two
parts, which shortens the torque, reduces the load of screw-rod stress to a certain extent and reduces the
failure rate of internal �xations. What’s more, the placement of screws through fractured vertebra can
improve the stress distribution of adjacent screws and reduce the stress of screws, thus it can reduce the
rate of screws breakage[20]. Meta-analysis showed that although trans fractured vertebral screws
placement may lead to more blood loss and more operation time, the technique of screws placement
through fractured vertebra had more advantages in maintaining spinal height and �exion than the
technique without fractured vertebra screws[21]. It has a better effect on the reconstruction of spinal
physiological sequence and the restoration of spinal stability.

Long-term follow-up suggested that the main complications of short segment pedicle screw �xation
system in the treatment of thoracolumbar burst fracture was the loss of correction and internal �xation
failure caused by the decrease of vertebral body height and intervertebral space stenosis[22]. When severe
burst fracture occurs to the lumbar vertebra, it can produce many fracture blocks causing the overlapping
and compression of fracture blocks. In conventional technique of posterior short-segment pedicle
instrumentation, single distraction and reduction during the operation may be di�cult to complete
because of the mutual compression of the fracture blocks, especially when the pedicle screws of
fractured vertebra have been inserted �rstly. The obstruction of the screws results in poor reduction of the
fracture block during distraction. At the same time, the swing and cutting effect of the screws of fractured
vertebra in the distraction of the adjacent vertebra (Figure. 5) results in further compression of part of the
bone. It may lead to larger bone defects. In modi�ed technique of posterior short-segment pedicle
instrumentation, repeated distraction and reduction and continuous traction make the soft tissue around
the fracture relax, which is bene�cial for the reduction of fracture blocks. And the compression of anterior
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and posterior longitudinal ligament caused indirect reduction of fracture blocks. What’s more, centripetal
traction of annulus �brousus can also promote the reduction of fracture blocks.

When the pedicle screw-rod system is used for distraction, the cortical bone and endplate on the surface
of the vertebral body can be reduced under the traction of the anterior and posterior longitudinal ligament
and the �brous annulus of intervertebral disc, while the compressed cancellous bone in the vertebral body
cannot be re-expanded, resulting in bone defect[23]. Insu�cient strength of vertebral body makes itself
easy to be compressed again, resulting in the loss of correction. Some scholars have put forward the
theory of injured vertebra reinforcement, that is, bone grafting into the vertebral body through pedicle can
strengthen the stability of the anterior and middle column of spine and reduce the long-term
complications such as fracture and loosening of internal �xation and the loss of fractured vertebral
height[24]. However, Alanay et al[13] and Knop et al[25] believed that transpedicular bone grafting could not
prevent the collapse of vertebral body and the loss of correction. Some studies even showed that the
reduction height of fractured vertebra in bone grafting group was higher than that in non-bone grafting
group. In this study, the patients in modi�ed group can avoid the further bone compression caused by the
swing of the injured vertebral screw by the distraction before fractured vertebra screws placement. At the
same time, it can drive the posterior fracture block to move forward and �ll the defect in the vertebral
body, which can not only achieve a better reduction effect, but also reduce the long-term bone defect, so
as to reduce the loss of correction.

Both open reduction and manual reduction of limb fractures require continuous longitudinal traction to
relax the muscles around the fracture area and then push the end of the long bone to promote better
reduction of the fracture (Fig. 5). The modi�ed technique uses longitudinal traction �rstly to make use of
posterior longitudinal ligament to restore, which is equivalent to longitudinal force. The placement of
fractured pedicle screws is equivalent to the transverse force, which pushes the fracture block forward
(Figure. 6). We skillfully apply the longitudinal and transverse force to achieve the effect of three-
dimensional reduction, which can get a better reduction. At the same time, the fracture blocks were
shifted forward to �ll the anterior bone defect, which is better to prevent the loss of reduction. In the
practice of modi�ed pedicle screws placement, we have accumulated a lot of experience. According to
the situation of nerve injury and the results of CT before operation, we distract the adjacent vertebra �rstly
on the seriously fractured side (such as the left side), then place the fractured pedicle screw on the mildly
fractured side (right side). After multiple distraction, we insert the pedicle screw on the severe side (left
side). Combined with the reduction effect shown by the X-ray �uoroscopy during the operation, we can
learn the reduction of the posterior edge of the vertebral body. If the reduction is not good, we distract
repeatedly during operation to improve reduction effect, and even employ over-distraction and temporary
�xation to promote the reduction of the fracture blocks. If the reduction is still not effective, laminectomy
and spinal canal decompression should be considered.

In the patients with vertebra burst fracture complicated with intervertebral disc injury, the nucleus of the
intervertebral disc was pressed by the endplate embedded in the vertebral body. The pedicle screw-rod
system can restore the anterior and posterior wall and the height of the vertebral body through the



Page 12/20

distraction of the ligament, but it cannot restore the central region of the collapsed endplate, so the
intervertebral disc can trap into this area. The loss of water in the nucleus of the fractured intervertebral
disc is accelerating. And the injury to the endplate can directly affect the nutrition supply of the
intervertebral disc, which will accelerate the intervertebral disc degeneration and leads to the stenosis of
the intervertebral space and the loss of correction[26]. In this study, the anterior vertebral height (AVH) ratio
of modi�ed group on postoperation, follow-up at 3 months and last follow-up were respectively
0.98±0.07, 0.99±0.07, 0.96±0.11, which is signi�cantly higher than those of conventional group(p<0.05).
We believe repeated distraction can better promote the rearrangement of fracture blocks and continuous
traction before the placement of fractured vertebra screws can better promote the reduction of
incarcerated intervertebral disc in modi�ed group so as to improve the intervertebral space and reduce the
long-term loss of correction. It’s also the reason why the operation time of modi�ed group is longer than
that of conventional group, with no signi�cant difference in the results of blood loss and drainage volume
between two groups.

This retrospective study had some limitations because it was a small, single-center, nonrandomized
study. Keeping these limitations in mind and based on clinical outcomes, the use of modi�ed technique
of posterior short-segment pedicle instrumentation is a valuable treatment option for upper lumbar burst
fractures. However, prospective and randomized studies with more patients and longer follow-up are
needed to draw de�nitive and accurate conclusions.

Conclusions
Modi�ed technique and conventional technique of posterior short-segment pedicle instrumentation for
the treatment of upper lumbar burst fractures both provided immediate stability and reduction of post-
traumatic segmental kyphosis. In addition, modi�ed technique of posterior short-segment pedicle
instrumentation seems to be a promising method for upper lumbar burst fractures because it led to better
reduction of fractured vertebra than in patients who received conventional technique.
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Figure 1

Schematic diagram of the methods for measuring the anterior vertebra height (AVH) and local kyphosis
angle (LKA). (A) The measurements for the AVH is shown in the lateral radiographs. (B) The lateral
radiographs showing measurements for the LKA. LKA was measured between the proximal end plates of
the vertebra above the fractured vertebra and the distal end plates of the vertebra below the fractured
vertebra (yellow line). H0, AVH of injured vertebra; H1, AVH of superior vertebra adjacent to injured
vertebra; H2, AVH of inferior vertebra adjacent to injured vertebra
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Figure 2

Schematic diagram of modi�ed technique of posterior short-segment instrumentation
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Figure 3

Schematic diagram of conventional technique of posterior short-segment instrumentation
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Figure 4

Radiographs of a 30-year-old woman with a lumbar burst fracture of the L1 vertebra with a
Thoracolumbar Injury Classi�cation and Severity score of 8 points. (A) An anterior vertebral height (AVH)
ratio of 63.6% and local kyphosis angle (LKA) of 9° were shown in preoperative lateral radiograph. (B)
Intraoperative lateral radiograph showed that we placed four pedicle screws into the superior and inferior
vertebrae �rstly. Then we connected the rods and screws temporarily and performed distraction
longitudinally. (C) Intraoperative lateral radiograph showed the pedicle screws were placed into the
fractured vertebra and short-segment pedicle instrumentation was completed �nally. (D) The AVH ratio
and LKA were corrected to 103.0% and 6° respectively as is shown in radiograph at 1 week after surgery.
(E) An AVH ratio of 102.1% and LKA of 4° were shown in radiograph at 1-year follow up, suggesting no
loss in the AVH ratio or LKA. (F) An ABH ratio of 98.7% and LKA of 5° were shown in radiograph at 6
months after implant removal, suggesting no obvious loss of AVH ratio or LKA.
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Figure 5

Swing and cutting effect of fractured vertebral screws in the process of distraction

Figure 6

Combination of longitudinal continuous traction force and transverse push extrusion force.


