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Abstract
Background: Pedicle screw �xation is a well-established technique for thoracolumbar fracture. A large
number of studies have shown that the bending angle of the connecting rod has a signi�cant correlation
with the postoperative spinal stability. However, no studies have con�rmed an objective indicator to guide
the bending angle of the connecting rod during the operation. Our study aims to de�ne a sagittal Cobb*
angle to guide the bending angle of the connecting rod during surgery.

Methods: The frontal and lateral X-ray �lms in 150 cases of normal thoracolumbar spine were included to
measure the normal spinal sagittal Cobb* angle in each segment. The patients who underwent single
segment thoracolumbar fractures and pedicle screw internal �xation surgery were included. The
radiological parameters included lumbar lordosis (LL), thoracic kyphosis (TK), pelvic tilt (PT), pelvic
incidence (PI) and sacral slope (SS) were measured. The incidence of adjacent segment degeneration
ASD two years after surgery were measured.

Results: The average values of normal sagittal Cobb* angle in each segment were -5.196±3.318 degrees
(T12), 2.279±3.324 degrees (L1), 7.222±2.798 degrees (L2) and 12.417±11.962 degrees (L3) respectively.
The LL in the three groups was 35.20±9.12 degrees 46.26±9.68 degrees and 54.24±15.3 degrees,
respectively. Comparing with the normal group, there were signi�cant differences in group A and group C
respectively (P< 0.05). The results were similar in the parameters of TL, PT and SS. The incidences of
SVA>50mm in group A, group B and group C were 23.33%,12.50% and 19.23%, respectively. The
parameter of PI in three groups were 41.36±12.69, 44.53±15.27 and 43.38±9.85 degrees respectively. The
incidences of ASD in group A, group B and group C 2 years after surgery were 21.67% 13.75% and
17.95%, respectively.

Conclusions: The study con�rmed that the sagittal Cobb* angle can be used as a reference angle for
bending rods. When the bending angle of the connecting rod is 4 to 8 degrees greater than the
corresponding segment sagittal Cobb* angle, the patient's spinal sagittal stability is the best two years
after the operation.

Introduction
Thoracolumbar fracture is most common trauma in spine surgery and is usually a high energy trauma
caused by a tra�c accident or fall.1-3 The thoracolumbar fracture has a high risk for complications
including paralysis, pain, deformity and loss of function.4 With the wide application of pedicle screw
�xation technology, it has become a reliable method in the treatment of thoracolumbar fractures.5

Although pedicle screw �xation is a well-established technique, there are still some unsolved and
neglected problems. For example, in the pedicle screw �xation technique, the bending angle of the
connecting rod mainly depends on the surgeon's experience after the pedicle screw is inserted. A large
number of studies have shown that the bending angle of the connecting rod has a signi�cant correlation
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with the postoperative spinal stability. 6 Abdollah et al. and Glassman et al. compared the correlation
between the spinal sagittal parameters and the bending angle of the connecting rod, and con�rmed that
the inappropriate bending angle of the connecting rod is an important risk factor for adjacent segment
diseases (ASD) even in short-segment �xation. 7,8 Too large or too small rod bending angles will lead to
postoperative pain, instability of the spine, adjacent segment degeneration or other complications. 9,10

However, no studies have con�rmed an objective indicator to guide the bending angle of the connecting
rod during the operation. Our study aims to de�ne a sagittal Cobb* angle to guide the bending angle of
the connecting rod during surgery. This study analyzed the in�uence of the difference between the rod
bending angle after pedicle screw �xation of thoracolumbar fractures and the normal sagittal Cobb*
angle on the postoperative spinal stability and adjacent segment degeneration, to con�rm that the
sagittal Cobb* angle can be used as an objective indicator to guide the bending angle of the connecting
rod.

Material And Methods
The study was single-centric and retrospective. All patients who underwent single segment
thoracolumbar fractures and pedicle screw internal �xation surgery in the second a�liated hospital of
Nanjing Medical University during 2015.3-2017.6 were included. All cases were taken the full-length
spinal X-rays 2 years after surgery. Exclusion criteria were as follows: 1. signi�cantly degenerative
lordosis, kyphosis and scoliosis; 2. the “double line shadow” of pedicle or the posterior margin of the
vertebral body more than 5mm; 3. intervertebral space stenosis; 4. other factors that cause obvious spinal
instability. The general data including age, gender and fractured part were collected in Table 1. All
patients were divided into three groups due to the different angle of bending rod (group A: the normal
spinal sagittal cobb* angle + 0 to 4 degrees; group B: the normal spinal sagittal cobb* angle + 4 to 8
degrees; group C: the normal spinal sagittal cobb* angle + 8 to 12 degrees.

The radiological parameters were measured by two observers, including lumbar lordosis (LL), thoracic
kyphosis (TK), pelvic tilt (PT), pelvic incidence (PI) and sacral slope (SS). The above parameters were
measured referring the previous studies11-13 and the measured methods were shown in Figure 1. ASD
were evaluated by examining the height of the intervertebral disc, endplate sclerosis, osteophytes and
spondylolisthesis. The de�nition of ASD was referred by the previous study.14-16

The method of de�ning the spinal sagittal cobb* angle was shown in Figure 2A. The red lines were
indicated as the parallel lines of the upper and lower vertebral body end plate. The green lines are
perpendicular to the red lines. The spinal sagittal cobb* angle ( angle a) is the angle between the two
green lines. The method of bending the connecting rod was shown as Figure 2B. The bending mark
points (point e and point f) of the connecting rod need to be accurately embedded in the U-shaped groove
of the upper screw and the lower screw. The angle of the connecting rod was de�ned as the angle ( angle
b) between the tangents of point e and point f (the red lines).
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The frontal and lateral X-ray �lms in 150 cases of normal thoracolumbar spine were included to measure
the normal spinal sagittal cobb* angle in each segment. The exclusion criteria were as follows: 1.
signi�cantly degenerative lordosis, kyphosis and scoliosis; 2. the “double line shadow” of pedicle or the
posterior margin of the vertebral body more than 5mm; 3. intervertebral space stenosis; 4. other factors
that cause obvious spinal instability.

Statistical analysis

Statistical analyses were performed using the SPSS.22 statistical software. All values were expressed as
means ± standard deviation. P-value was calculated according to the independent samples t-test. p<0.05
indicates a statistically signi�cant difference.

Results
There were no signi�cant differences in the age and gender between the normal and surgery groups
(p>0.05). comparing with the age, gender, injury time and the fracture vertebral, there were no signi�cant
differences between the group A, group B and group C, respectively. (p>0.05) The fracture segments in
each group were shown in Table 1. The average values of normal sagittal Cobb* angle in each segment
were -5.196±3.318 degrees (T12), 2.279±3.324 degrees (L1), 7.222±2.798 degrees (L2) and
12.417±11.962 degrees (L3) respectively.

The spine-pelvic parameters in normal people, group A, group B and group C 2 years after surgery were
shown in Table 2. The LL in the three groups was 35.20±9.12 degrees 46.26±9.68 degrees and
54.24±15.31 degrees, respectively. Comparing with the normal group, there were signi�cant differences in
group A and group C respectively (P< 0.05). The results were similar in the parameters of TL, PT and SS.
The incidences of SVA>50mm in group A, group B and group C were 23.33%,12.50% and 19.23%,
respectively. The incidences of SVA>50mm in group A and group C were remarkably greater than that in
group B (p<0.05), and there was no signi�cant difference in group A and group C (p>0.05). The parameter
of PI in three groups were 41.36±12.69 degrees, 44.53±15.27 degrees and 43.38±9.85 degrees.
Comparing with the normal group, there was no signi�cant difference in group A, group B and group C
(p>0.05). The incidences of ASD in group A, group B and group C 2 years after surgery were 21.67%
13.75% and 17.95%, respectively. The incidences of ASD in group A and group C were remarkably greater
than that in group B (p<0.05), and there was no signi�cant difference in group A and group C (p>0.05).

Discussion
At present, there are few studies on the bending angle of connecting rods in pedicle screw �xation for
thoracolumbar fractures. Some studies have con�rmed that the bending angle of the connecting rod after
thoracolumbar fractures has a signi�cant correlation with the postoperative spinal stability.7,8,17-19 Cheng
et al. used the normal spinal sagittal Cobb angle as a reference guide for intraoperative bending.10 The
study con�rmed the importance of the rod bending angle by measuring the angle relationship between
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the connecting rod and the screw during the operation. However, this study lacked long-term follow-up
after operation. What’s more, in their studies, the rod bending angle was the angle between the tangent
lines at the two ends of the connecting rod. Another research con�rmed that the arc between the
connecting points of the connecting rod and the screw is the effective arc.20 Abdollah et al. con�rmed
that the angle between the screw and the rod, the angle between the screw and the upper endplate, and
the distance between the posterior wall and the rod were signi�cantly related to the incidence of adjacent
segment degeneration after surgery.7 This study con�rmed that the bending rod angle was correlated
with the post-operation spinal stability.

In a small number of studies on the bending angle of the connecting rod, the researchers thought that the
angle should almost match the kyphosis angle.21 A large number of studies have shown that the coronal
Cobb angle is an important indicator of the balance of the coronal position of the spine.11,20-24 According
to previous studies, the sagittal Cobb angle is also an important index used to evaluate the spine sagittal
balance. 8,25-27 In this study, for the single thoracolumbar vertebra fracture, we rede�ned the sagittal Cobb
angle of a single fractured vertebra as the sagittal Cobb* angle, and its measurement method. Our study
�rst measured the sagittal Cobb* angle of each segment of the normal thoracolumbar segment. Then, the
post-operation spinal sagittal stability was analyzed in the retrospective research. The results showed
that the sagittal Cobb* angle can be used as a reference angle for bending rods. The contact position of
the screw and the rod is not the end of the rod, but the contact position of the U-shaped groove of the
screw and the rod. Therefore, the curvature of the excess rod on the upper and lower U-shaped grooves
cannot maintain the lordosis and kyphosis angle. Therefore, in our study, the sagittal Cobb* angle is the
angle between the tangent of the connection point of the upper screw and the rod and the tangent of the
connection point of the lower screw and the rod.

In this study, we selected 150 normal adult lateral spine radiographs. By measuring the sagittal Cobb*
angle from T12 to L3 vertebral bodies, we obtained the Cobb* angle reference range of each vertebral
body. Some studies described the spinal segmental sagittal curvature as "segmental lordosis".28-30 The
sagittal Cobb* angle in this study describes the lordosis range of three consecutive vertebral bodies.
Compared with the LL, the variation in different populations is smaller, and the description of the staged
lordosis angle is more accurate. The result showed that when the bending angle of the connecting rod is
4 to 8 degrees greater than the corresponding segment sagittal Cobb angle, the patient's spinal sagittal
stability is the best two years after the operation. This result further con�rms the feasibility and accuracy
of using the sagittal Cobb* angle to guide the bending rod.

In this study, the spine stability parameters and the incidence of ASD two years after surgery were used to
evaluate the spine sagittal stability. The importance of the spinal sagittal stability after vertebral surgery
has been shown in many studies.7,27,31,32 The spinal sagittal parameters include SVA, LL, and TL.
Previous studies have shown that the sagittal stability of the spine decreases when SVA>50.0mm. The
smaller the value of LL, the higher the incidence of ASD in patients. 33 ASD after lumbar spine surgery is a
long-term complication that seriously affects the prognosis of patients. It will cause not only long-term
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intractable low back pain after surgery, but also some symptomatic ASD that requires secondary surgery.
34 The sagittal imbalance of the spine is one of the main factors leading to ASD. 35 The results showed
that when the angle of the bending rod is 4 to 8 degrees greater than the sagittal Cobb* angle, the
incidence of spinal imbalance is the lowest, which can maximize the sagittal stability of the spine, and
the incidence of ASD is lowest. Although the results showed that the incidence of ASD after operation in
group C was not different from that in group B, the results of LL, SVA, PI and PT in the two groups
showed that group B has better spinal sagittal stability. In the comparison of pelvic parameters, the value
of PI was not statistically signi�cant in the three groups. Therefore, we believe that the angle of the
bending rod has little effect on postoperative PI. The results of PT and SS are consistent with the results
of the spine sagittal parameters.

At the beginning of the study, we estimated that using the normal sagittal Cobb* angle to guide the
bending rod will achieve the best postoperative results, but the �nal result shows that the bent rod angle
is 4 to 8 degrees greater than the sagittal Cobb* angle to achieve the best effect. To analyze the reason,
we consider that the bending angle of the connecting rod is greater than the sagittal Cobb* angle, and
can resist the loss of the arc of the connecting rod pre-bending caused by the expansion, tightening of the
nut, the rotation of the universal screw, early activity, and the increasing age. What’s more, the
hyperextension of the connecting rod can minimize the incidence of ASD in patients after surgery.

In the thoracolumbar segment, hyperextension �xation is more conducive to the restoration of spine
sagittal balance and reduces the incidence of degeneration of the adjacent segment after surgery. Finally,
our study proved that the accuracy of the angle of the bent rod is more important for the postoperative
spine sagittal balance.

This study has shown obvious advantages in the method of sample grouping, comparison setup,
de�nition and measurement of Cobb* angle, description of effective radian and method of bending rods.
Nevertheless, this study still has some limitations. First, this study included a small sample size during
measurement of the normal spinal sagittal Cobb* angle. More sample sizes need to be included in future
studies. Second, the study is a retrospective study, with selection bias and loss of follow-up. In future
studies, prospective randomized controlled studies can be used to increase the credibility of the results.
This study con�rmed the in�uence of the angle of the bent rod on postoperative sagittal spine balance,
but there is no further analysis on the in�uence of factors on the curvature of the bending rod such as the
height of the vertebral body after the pre-installation of the connecting rod during the operation and the
postoperative activities. Third, the follow-up period of the study was two years. Studies have shown that
degeneration of the adjacent segment after thoracolumbar fracture surgery mostly occurs 3-5 years after
surgery.36,37 In future studies, we will reduce the limitations of this study to further con�rm the feasibility
of the sagittal Cobb* angle to guide the intraoperative bending rod.

Conclusions
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The study con�rmed that the sagittal Cobb* angle can be used as a reference angle for bending rods.
When the bending angle of the connecting rod is 4 to 8 degrees greater than the corresponding segment
sagittal Cobb* angle, the patient's spinal sagittal stability is the best two years after the operation.

Abbreviations
LL: lumbar lordosis; TK: thoracic kyphosis; PT: pelvic tilt; PI: pelvic incidence; SS: sacral slope; ASD:
adjacent segment degeneration;

Declarations
Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Second A�liated Hospital of the Nanjing
Medical University. All participants have been informed and gave written consent prior to data collection.

Consent for publication

Written informed consent was obtained from the patients for publication of their clinical details and
clinical images.

Availability of data and materials

The datasets used and analyzed in this study are available from the corresponding author on reasonable
request.

Competing interests

The authors declare that they have no competing interests.

Funding

This work was supported by the “Six-One Project” foundation of Jiangsu province, China [grant number
LGY2016018].

Authors’ contributions

LJ and YKX designed this research. JZ, WHR, Rupesh.KC and SJP participated in data collection. WT and
SZP participated in analysis and interpretation of data. SZP, Y. yap and YKX revised the draft. SZP and
WG were the main contributors in writing this manuscript. All authors read and approved the �nal
manuscript.

Acknowledgements



Page 9/14

The authors are grateful to the participants for agreeing to take part. Without them this work would have
been impossible. I deeply appreciate the contribution to this thesis made in various ways by my friends
and colleagues.

References
1. Diaz JJ, Cullinane DC, Altman DT, Bokhari F, Cheng JS, Como J, Gunter O, Holevar M, Jerome R, Kurek

SJ et al: Practice management guidelines for the screening of thoracolumbar spine fracture. J
Trauma 2007, 63(3):709-718.

2. Wood KB, Li W, Lebl DR, Ploumis A: Management of thoracolumbar spine fractures. SPINE J 2014,
14(1):145-164.

3. Gertzbein SD: Scoliosis Research Society. Multicenter spine fracture study. Spine (Phila Pa 1976)
1992, 17(5):528-540.

4. Levine AM, McAfee PC, Anderson PA: Evaluation and emergent treatment of patients with
thoracolumbar trauma. Instr Course Lect 1995, 44:33-45.

5. Knez D, Likar B, Pernus F, Vrtovec T: Computer-Assisted Screw Size and Insertion Trajectory Planning
for Pedicle Screw Placement Surgery. IEEE Trans Med Imaging 2016, 35(6):1420-1430.

�. Wei X, Gengwu L, Chao C, Yifan L, Shang S, Ruixi H, Yunhan J, Xiaodong Z, Zhikun L: Correlations
between the sagittal plane parameters of the spine and pelvis and lumbar disc degeneration. J
ORTHOP SURG RES 2018, 13(1):137.

7. Mou�d AY, Cloche T, Ghailane S, Ounajim A, Vendeuvre T, Gille O: Mismatch between rod bending and
actual post-operative lordosis in lumbar arthrodesis with poly axial screws. Orthop Traumatol Surg
Res 2019, 105(6):1143-1148.

�. Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S, Schwab F: The impact of positive sagittal
balance in adult spinal deformity. Spine (Phila Pa 1976) 2005, 30(18):2024-2029.

9. Hsieh MK, Kao FC, Chen WJ, Chen IJ, Wang SF: The in�uence of spinopelvic parameters on adjacent-
segment degeneration after short spinal fusion for degenerative spondylolisthesis. J Neurosurg
Spine 2018, 29(4):407-413.

10. Hongbing Ch ,Jia L: Foundation and clinical research of the bending and rotating rod method to cure
the thoracolumbar fracture. J Spinal Surg. 2010, 8(02):95-98.Chinese

11. Mou�d AY, Cloche T, Ghailane S, Ounajim A, Vendeuvre T, Gille O: Mismatch between rod bending and
actual post-operative lordosis in lumbar arthrodesis with poly axial screws. Orthop Traumatol Surg
Res 2019, 105(6):1143-1148.

12. Duval-Beaupere G, Schmidt C, Cosson P: A Barycentremetric study of the sagittal shape of spine and
pelvis: the conditions required for an economic standing position. ANN BIOMED ENG 1992,
20(4):451-462.

13. Ahlquist S, Park HY, Gatto J, Shamie AN, Park DY: Does approach matter? A comparative
radiographic analysis of spinopelvic parameters in single-level lumbar fusion. SPINE J 2018,



Page 10/14

18(11):1999-2008.

14. Zigler JE, Glenn J, Delamarter RB: Five-year adjacent-level degenerative changes in patients with
single-level disease treated using lumbar total disc replacement with ProDisc-L versus
circumferential fusion. J Neurosurg Spine 2012, 17(6):504-511.

15. Ekman P, Moller H, Shalabi A, Yu YX, Hedlund R: A prospective randomised study on the long-term
effect of lumbar fusion on adjacent disc degeneration. EUR SPINE J 2009, 18(8):1175-1186.

1�. Zigler JE, Blumenthal SL, Guyer RD, Ohnmeiss DD, Patel L: Progression of Adjacent-level
Degeneration After Lumbar Total Disc Replacement: Results of a Post-hoc Analysis of Patients With
Available Radiographs From a Prospective Study With 5-year Follow-up. Spine (Phila Pa 1976) 2018,
43(20):1395-1400.

17. Shah AA, Lemans JV, Zavatsky J, Agarwal A, Kruyt MC, Matsumoto K, Serhan H, Agarwal AK, Goel V:
Spinal Balance/Alignment - Clinical Relevance and Biomechanics. J Biomech Eng 2019.

1�. Yang C, Yang M, Chen Y, Wei X, Ni H, Chen Z, Li J, Bai Y, Zhu X, Li M: Radiographic Parameters in
Adult Degenerative Scoliosis and Different Parameters Between Sagittal Balanced and Imbalanced
ADS Patients. Medicine (Baltimore) 2015, 94(29):e1198.

19. Castro C, Oliveira L, Amaral R, Marchi L, Pimenta L: Is the lateral transpsoas approach feasible for
the treatment of adult degenerative scoliosis? Clin Orthop Relat Res 2014, 472(6):1776-1783.

20. Yang J, Huang Z, Grevitt M, Li J, Li F, Yang J: The Precise Bending Rod Technique: A Novel Method
for Precise Correction of Ankylosing Spondylitis Kyphosis. CLIN SPINE SURG 2016, 29(9):E452-E456.

21. Simon J, Longis PM, Passuti N: Correlation between radiographic parameters and functional scores
in degenerative lumbar and thoracolumbar scoliosis. Orthop Traumatol Surg Res 2017, 103(2):285-
290.

22. Le Huec JC, Thompson W, Mohsinaly Y, Barrey C, Faundez A: Sagittal balance of the spine. EUR
SPINE J 2019, 28(9):1889-1905.

23. Wanivenhaus F, Neuhaus C, Liebmann F, Roner S, Spirig JM, Farshad M: Augmented reality-assisted
rod bending in spinal surgery. SPINE J 2019, 19(10):1687-1689.

24. Kokabu T, Kanai S, Abe Y, Iwasaki N, Sudo H: Identi�cation of optimized rod shapes to guide
anatomical spinal reconstruction for adolescent thoracic idiopathic scoliosis. J ORTHOP RES 2018,
36(12):3219-3224.

25. Lechner R, Putzer D, Dammerer D, Liebensteiner M, Bach C, Thaler M: Comparison of two- and three-
dimensional measurement of the Cobb angle in scoliosis. INT ORTHOP 2017, 41(5):957-962.

2�. Fechtenbaum J, Etcheto A, Kolta S, Feydy A, Roux C, Briot K: Sagittal balance of the spine in patients
with osteoporotic vertebral fractures. Osteoporos Int 2016, 27(2):559-567.

27. Barrey C, Jund J, Noseda O, Roussouly P: Sagittal balance of the pelvis-spine complex and lumbar
degenerative diseases. A comparative study about 85 cases. EUR SPINE J 2007, 16(9):1459-1467.

2�. O'Shaughnessy BA, Ondra SL: Measuring, preserving, and restoring sagittal spinal balance.
NEUROSURG CLIN N AM 2007, 18(2):347-356.



Page 11/14

29. Jackson RP, McManus AC: Radiographic analysis of sagittal plane alignment and balance in
standing volunteers and patients with low back pain matched for age, sex, and size. A prospective
controlled clinical study. Spine (Phila Pa 1976) 1994, 19(14):1611-1618.

30. Protopsaltis T, Schwab F, Bronsard N, Smith JS, Klineberg E, Mundis G, Ryan DJ, Hostin R, Hart R,
Burton D et al: TheT1 pelvic angle, a novel radiographic measure of global sagittal deformity,
accounts for both spinal inclination and pelvic tilt and correlates with health-related quality of life. J
BONE JOINT SURG AM 2014, 96(19):1631-1640.

31. Ogura Y, Shinozaki Y, Kobayashi Y, Kitagawa T, Yonezawa Y, Takahashi Y, Yoshida K, Yasuda A,
Ogawa J: Impact of sagittal spinopelvic alignment on clinical outcomes and health-related quality of
life after decompression surgery without fusion for lumbar spinal stenosis. J Neurosurg Spine
2019:1-6.

32. Eskilsson K, Sharma D, Johansson C, Hedlund R: The impact of spinopelvic morphology on the short-
term outcome of pedicle subtraction osteotomy in 104 patients. J Neurosurg Spine 2017, 27(1):74-
80.

33. Vaz G, Roussouly P, Berthonnaud E, Dimnet J: Sagittal morphology and equilibrium of pelvis and
spine. EUR SPINE J 2002, 11(1):80-87.

34. Qi Chen, Zongpo Shi, Gang Wang. Effect of age on adjacent segment degeneration after lumbar
fusion. Journal of Nanjing Medical University (Natural Science Edition), 2020, 40 (04): 596-
599.Chinese.

35. Laratta JL, Glassman SD, Atanda AA, Dimar JR, Gum JL, Crawford CR, Bratcher K, Carreon LY: The
Berg balance scale for assessing dynamic stability and balance in the adult spinal deformity (ASD)
population. J Spine Surg 2019, 5(4):451-456.

3�. Bydon M, Macki M, Kerezoudis P, Sciubba DM, Wolinsky JP, Witham TF, Gokaslan ZL, Bydon A: The
incidence of adjacent segment disease after lumbar discectomy: A study of 751 patients. J CLIN
NEUROSCI 2017, 35:42-46.

37. Hilibrand AS, Robbins M: Adjacent segment degeneration and adjacent segment disease: the
consequences of spinal fusion? SPINE J 2004, 4(6 Suppl):190S-194S.

Tables
Table1. General data of patients



Page 12/14

parameter Normal A B C

Age year x ± s 48.5±3.6 57.5±3.6 51.8±2.8 55.6±6.1

Sex M/F n% M62 41.3%

F 88 58.7%

m22 36.7%

F38 63.3%

M32 40.0%

F48 60.0%

M33 42.3%

F45 57.7%

Time of injury Day x ± s ― 4.7±1.5 4.5±2.1 5.2±1.8

Segment        

T12 ― 12 18 17

L1 ― 17 21 21

L2 ― 16 21 20

L3 ― 15 20 20

Total 150 60 80 78

Time of injury indicated the mean days from injury to operation

 

Table 2. The spine-pelvic parameters 2 years after operation

    Group A Group B Group C

Spinal parameters        

LL ° 35.20±9.12* 46.26±9.68 54.24±15.31*

TL ° -29.87±16.38* -20.71±13.82 -11.21±14.45*

SVA 50mm n% 23.33 12.50 19.23

Pelvic parameters °        

PI(°) 41.36±12.69 44.53±15.27 43.38±9.85

PT(°) 18.49±13.65* 15.71±10.53 23.95±15.51*

SS(°) 18.56±8.47* 26.28±8.55 34.36±9.75*

* means that the difference was statistically signi�cant.
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Figures

Figure 1

LL: the angle between the perpendicular lines of the T12 and S1 upper endplates. TL: the angle between
the perpendicular lines of the T10 upper endplate and L2 lower endplates. PI: the angle between the
perpendicular lines of the S1 upper endplate and the line between the midline point of S1 upper endplate
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and midline point of bilateral caput femoris. PT: the angle between the plumb line and the line between
the midline point of S1 upper endplate and the midline point of bilateral caput femoris. SS: the angle
between the perpendicular line of S1 upper endplate and the horizontal line.

Figure 2

A: the red lines indicate the parallel lines of the upper and lower endplates. The green lines indicate the
vertical lines of the red lines. The angle a is the angle between the two green lines which is indicated as
the sagittal Cobb* angle in the study. B: the red lines indicate the tangents of the connecting points (point
e and point f) of the rod and the upper and lower pedicle screws. The angle b is the angle between the
two red lines which is indicated as the bending rod angle in this study.


