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Abstract 

Background  Surgeons often encounter recurrent kyphosis of Cobb angle following thoracolumbar burst fracture 
surgery. Some factors affecting postoperative correction loss have been studied in previous studies, but few have 
examined the relationship between laminar fractures and postoperative loss of correction.

Methods  The clinical data of 86 patients with thoracolumbar burst fracture who met the inclusion criteria and were 
admitted to our Department of Spine Surgery between 2013 and 2020 was retrospectively analyzed. To examine the 
association between laminar fracturs and postoperative correction loss, demographic and radiographic characteristics 
of the two groups were analyzed.

Results  The presence or absence of laminar fractures was statistically different between the two groups (P < 0.05). 
Binary logistic regression analysis showed that laminar fractures and preoperative Cobb were statistically significant 
in the two groups. There were statistically significant differences in the degree of injury of laminar fractures in the 
coronal plane between the two groups (P < 0.05).

Conclusion  This study investigated that the presence or absence of laminar fractures and preoperative Cobb con-
tribute to loss of correction after thoracolumbar burst fracture surgery. There was a statistically significant difference 
between full-length and partial-length laminar fractures on the loss of postoperative correction of thoracolumbar 
burst fractures with laminar fractures.
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Background
In the thoracolumbar spine segment, the “comparatively 
inactive” thoracic vertebrae meet the “comparatively 
active” lumbar vertebrae, including T11, T12, L1, and 

L2, which is an area of stress concentration. It is reported 
that nearly 90% of vertebral fractures occur in this are 
[1–3], among which burst fractures account for 30-60% 
of thoracolumbar fractures [4, 5]. High-energy injuries, 
such as falling from a height, road traffic accidents, and 
being struck by heavy objects, are the most common 
injuries. The spine is subjected to tremendous longi-
tudinal compression in the injury process, causing the 
vertebral body to burst into many bone fragments. This 
compression force is transmitted from the vertebral body 
along the pedicle to the lamina, eventually leading to the 
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lamina fissure. The trauma sustained by fractures with 
lamina fissures usually results in more severe injury than 
fractures without lamina fissures.

Skiak E et  al. [6] classified the laminar fractures into 
complete and incomplete. Laminar fractures that involve 
only a single layer of the bone cortex or occur only on 
one side of the proximal spinal canal are called laminar 
fractures. Shi et al. [7] demonstrated the association.

of the presence and its types of lamina fractures with 
posterior dural tear and neurological deficits in traumatic 
thoracic and lumbar burst fractures. Accordingly, most 
current studies are based on this classification, which is 
solely based on the CT axial level laminar fracture mor-
phology. A limited number of studies have been reported 
on the morphology of laminar fractures seen in other CT 
planes. Xu et al. [8] examined laminar fracture morphol-
ogy in multiple CT planes and found vertical laminar 
fracture to be associated with neurological deficits and 
TLICS scores. The study by Mohamed M. Aly et  al. [9] 
showd VLF to be associated with A4 fractures and radi-
ographic parameters such as vertebral height loss and 
canal compromise percentage. There is no widely rec-
ognized precise prediction system of whether recurrent 
Cobb angle will occur after thoracolumbar burst fracture 
due to the simultaneous presence of multiple risk factors. 
The laminar fracture is seldom discussed as an independ-
ent risk factor for postoperative loss of correction. The 
study objective is to examine the association of vertical 
laminar fracture and its morphological variations with 
progressive kyphosis after instrumentation removal.

Methods
Inclusion/exclusion criteria
The following inclusion criteria were used in this study: 
(1) Presence of a clear history of trauma and time to 
injury less than or equal to one week; (2) vertebral burst 
fracture supported by radiographic examination; (3) 

ASIA grade E; (4) injury of single segments of thora-
columbar junction fractures (T11-L2); (5) no history of 
thoracolumbar surgery; (6) non-pathological or osteo-
porotic fractures;(7) no PLC injuries.

Imaging evaluation
In this study, 2D CT reconstructions were performed for 
all patients preoperatively. The severity of the injury was 
assessed preoperatively using Asia grade [10], LSC score 
[11], TLICS score [12], and the treatment regimen was 
determined. After reviewing the evaluation results, all 
patients must undergo a short segmental pedicle screw 
fixation. We used the categories“Complete laminar frac-
tures”, “Partial laminar fractures”, and “No laminar frac-
tures” to describe the morphology of the lamina in CT. 
Furthermore, we classified these reconstructions into the 
following four categories: Complete laminar fractures 
(Fig. 1), partial and full-length laminar fractures (Fig. 2), 
partial and partial-length laminar fractures (Fig.  3), and 
no laminar fractures (Fig.  4). The kyphotic Cobb angle 
was obtained by measuring the angle between the upper 
endplate horizontal extension line of the adjacent supe-
rior vertebral body of the injured vertebra and the lower 
endplate horizontal extension line of the adjacent infe-
rior vertebral body of the injured vertebra [13]. Verte-
bral wedge angle (VWA) was obtained by measuring the 
angle of the horizontal extension line at the upper and 
lower endplates of the injured vertebrae [13]. AVH% of 
injured vertebrae = (the height of the anterior edge of 
injured vertebrae/the average height of the anterior edge 
of the upper and lower vertebrae adjacent to the injured 
vertebrae) * 100%(Fig.  5). All imaging data in this study 
were obtained through the picture archiving and com-
munication system (PACS; INFINITT PACS; Infinitt, 
Seoul, Korea) measurements. Two independent sur-
geons made separate measurements without specifying 

Fig. 1  Complete laminar fractures. CT axial and coronal planes show the fracture line through all lamina
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the applications of the measured data, but all discordant 
opinions were resolved by the average measurement.

Study setting
The patients were prohibited from heavy physical labor 
and strenuous exercise for six months postoperatively. 

After Intraprocedural fixation, radiographic data were 
collected before or at the last follow-up visit. In the 
immediate postoperative period, the Cobb angle in the 
lateral radiograph of these patients was compared to that 
of the lateral radiograph. The patients were divided into 
two groups according to whether the angle of loss was 

Fig. 2  Partial and full-length laminar fractures. Reconstructed coronal computed tomographic scan revealing full-length laminar fracture. The axial 
plane shows complete or incomplete laminar fracture

Fig. 3  Partial and part-length laminar fractures. Reconstructed coronal computed tomographic scan revealing part-length laminar fracture. The 
axial plane shows complete or incomplete laminar fracture

Fig. 4  No laminar fractures. CT axial and coronal planes show no laminar fractures
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greater than 5 degrees [14]: A group (recurrent kypho-
sis) and B group (Non-recurrent kyphosis), to reveal the 
independent risk factors for loss of postoperative correc-
tion. Two typical cases are shown in Figs. 6 and 7.

Surgical procedures
Before the surgery was performed, the fracture segment 
was re-identified using a C-arm machine; routine pre-
operative disinfectant drapes were placed. The incision 
along the dorsal midline was approximately 10 cm long. 
The blunt tissue was separated layer by layer using the 
intervertebral space approach. The fractured vertebral 
body and the pedicle screw pinning points of the adjacent 
upper and lower vertebral bodies were exposed. To deter-
mine the trajectory of the screw, an opener was used to 
pass through the bone cortex, the nail canal was perfo-
rated, and the nail canal’s four walls were probed with a 
probe to ensure that all pedicles had not been breached. 
The screw trajectory was again determined fluoroscopi-
cally. To select the appropriate pedicle screw based on the 
patient’s pedicle size, four pedicle screws manufactured 
by the same company (length 40-50 mm; 6.0-6.5 mm in 
diameter) were placed in the pedicle screw canals of the 
adjacent upper and lower vertebral bodies of the injured 
vertebrae at appropriate lengths, and two pedicle screws 
(length is 30-35 mm; 5.5-6.0 mm in diameter) manufac-
tured by the same company were placed into the pedi-
cle screw canals of the injured vertebrae at appropriate 
lengths. C-arm fluoroscopy demonstrated satisfactory 
results for the position and orientation of the pedicle 
screws and the damaged vertebral body. Next, a horizon-
tal link was mounted with wound irrigation with a copi-
ous amount of normal saline. There was no evidence of 

Fig. 5  The angle between the two lines of A and D was the kyphotic 
Cobb angle. The angle between the lines of B and C was vertebral 
wedge angle (VWA). The length of segment E was the height of the 
anterior edge of the vertebral body superior to the injury, the length 
of segment F was the height of the anterior edge of the injured 
vertebral body, and the length of segment G was the height of the 
anterior edge of the vertebral body inferior to the injury. AVH% = 2F/
(E + G)*100

Fig. 6  Non-recurrent kyphosis group. Typical case: female, 49 years old, burst fracture of L2 vertebral body. Panel A shows a preoperative lateral 
radiograph of the lumbar spine. Panel B is a postoperative lateral radiograph of the lumbar spine showing a kyphotic Cobb angle of 1.05°.Panel 
C is a lateral radiograph of the lumbar spine before internal fixation was removed, showing a kyphotic Cobb angle of 1.67°.This suggested that 
the kyphotic Cobb angle was lost less than 5°before the last follow-up visit or internal fixation was removed compared with the immediate 
postoperative kyphotic Cobb angle loss
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active bleeding, and it was covered with gel foam. After 
the bandaging was placed, a negative pressure drainage 
tube was placed, the incision was closed in layers, and the 
bandaging was subsequently fixed with a sterile dressing. 
After these steps were followed, the surgical operation 
was deemed complete [15–17].

Statistical analysis
All data were analyzed with SPSS version 26.0 (SPSS, 
Chicago, Illinois, USA). The dependent variables are gen
der,location,aetiology,laminar fractures,age,follow up 
time,pre-AVH%,pre-cobb angle and pre-VWA.Continu-
ous variables were compared using the t-test. Pearson’s 
chi-squared test and continuity corrected chi-square 
test compared categorical data, with P < 0.05 as the test-
ing criterion. Binary logistic regression was used to 
determine whether the presence or absence of laminar 
fractures was associated with postoperative loss of cor-
rection. The independent variable for logistic regression 
is Kyphosis> 5 degrees on the latest follow-up. Before 
binary logistic regression analysis, we included variables 
that were significantly different (P  < 0.05) between the 
groups in the final binary logistic regression analysis, and 
variables were removed if they failed to meet the criteria 
of P  < 0.05, and the results were reported as 95% confi-
dence intervals, with statistical differences defined as 
P < 0.05.

Results
Eighty-six patients were included in this study, and the 
demographic characteristics and segmental distribu-
tion of injuries of all patients are shown in Table 1. The 

mean age of all patients was 46.8 ± 9.5 years, including 
55 male patients (64.0%), 31 female patients (36.0%), 
and the male to female ratio was 1.77:1. The injury 
was due to falls from height in 44 patients (51.2%) and 
other causes such as serious crush injuries and road 
traffic accidents in 42 patients (48.8%). There were 16 
patients (18.6%) with burst fractures of T11 or T12 
and 70 patients (81.4%) with burst fractures of L1 or 
L2. The preoperative ASIA scale was E in all patients, 
the preoperative TLICS was greater than or equal to 
four in all patients, and the preoperative LSC was less 
than seven. All patients were operated on within a 

Fig. 7  Recurrent kyphosis group. Typical case: male, 51 years old, burst fracture of L1 vertebral body. Panel A shows a preoperative lateral 
radiograph of the lumbar spine. Panel B is a postoperative lateral radiograph of the lumbar spine showing a kyphotic Cobb angle of 4.72°. Panel 
C is a lateral radiograph of the lumbar spine before internal fixation was removed, showing a kyphotic Cobb angle of 16.19°.This suggested that 
the kyphotic Cobb angle was lost more than 5°before the last follow-up visit or internal fixation was removed compared with the immediate 
postoperative kyphotic Cobb angle loss

Table 1  Demographic data

Variables

Number of participants, n 86

Gender,[n (%)]

  Male 55 (64.0%)

  Female 31 (36.0%)

Aetiology,[n (%)]

  Fall from height 44 (51.2%)

  Other 42 (48.8%)

Location,[n (%)]

  T11 2 (2.3%)

  T12 14 (16.3%)

  L1 48 (55.8%)

  L2 22 (25.6%)

Age/years, x ± s 46. 8 ± 9.5

Follow up time/months, x ± s 17.8 ± 4.5
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week. The patients were followed up for an average of 
17.8 months. Radiographic examination at the last fol-
low-up visits or before removal of the internal fixation 
in all patients showed that the fractures reached bony 
union and had no broken nails. According to kyphotic 
Cobb angle change, 47 out of 86 patients were included 
in the no loss of correction group, while the remaining 
39 were included in the loss of correction group. The 
univariate analysis of the variables in the table was per-
formed in Table  2. Univariate analysis showed no sta-
tistically significant differences in age, gender, cause of 
injury, injured segment, or preoperative VWA between 
the two groups (P  > 0.05). Finally, three variables, 
including the presence or absence of vertical laminar 
fracture (P  < 0.05), preoperative AVH (P  < 0.05), and 
preoperative Cobb angle (P  < 0.05), were selected to 
proceed to the next binary logistic regression analy-
sis. By binary logistic regression analysis, presented in 
Table 3, we found that the presence or absence of ver-
tical laminar fracture (OR: 7.74; 95% CI: 2.41-24.86; 
P  = 0.01) and preoperative Cobb (OR: 1.13; 95% CI: 
1.01-1.26; P  = 0.033) were independent risk factors 
for postoperative loss of correction in thoracolumbar 
burst fractures. Preoperative AVH% (OR: 1.00; 95% CI: 

0.95-1.06; P = 0.954) was not an independent risk fac-
tor for postoperative loss of correction.

To determine whether the morphology of the vertical 
laminar fracture influenced the loss of correction after 
thoracolumbar burst fractures with associated laminar 
fractures, we screened 53 patients with associated lami-
nar fractures. According to previous criteria, we divided 
them into a no loss group and a loss group, 20 of whom 
were included in the no loss group and the remain-
ing 33 in the loss group. As shown in Table  4, statisti-
cal analysis using the variables in the table showed that 

Table 2  Results of univariate analysis of clinical and radiological 
data between groups

*:P<0.01

Variables A group 
(recurrent 
kyphosis)
39

B group (Non-
recurrent 
kyphosis)
47

P Value

Gender, n 0.635

  Male 26 29

  Female 13 18

Location, n 0.487

  T11/T12 6 10

  L1/L2 33 37

Aetiology, n 0.984

  Fall from height 20 24

  Other 19 23

Laminar fractures, n *

  With laminar fractures 33 20

  Without laminar 
fractures

6 27

Age/years, x ± s 48.7 ± 9.3 45.2 ± 9.5 0.086

Follow up time/months, 
x ± s

18.1 ± 5.2 17.5 ± 3.9 0.540

Pre-AVH%, x ± s 59.9 ± 10.4 66.9 ± 12.9 0.007

Pre-cobb angle/°,x ± s 16.3 ± 5.5 12.8 ± 5.2 0.003

Pre-VWA/°,x ± s 17.0 ± 5.9 15.1 ± 5.1 0.115

Table 3  Logistic regression analysis of risk factor for recurrent 
kyphosis

Variables P Value OR 95%CI

Laminar fractures 0.001 7.74 2.41-24.86

Pre-AVH% 0.954 1.00 0.95-1.06

Pre-cobb angle/° 0.033 1.13 1.01-1.26

Table 4  Results of univariate analysis of clinical and radiological 
data between groups

Variables A group 
(recurrent 
kyphosis)
33

B group (Non-
recurrent 
kyphosis)
20

P Value

Gender, n 0.284

  Male 23 11

  Female 10 9

Location, n 0.097

  T11/T12 5 7

  L1/L2 28 13

Aetiology, n 0.863

  Fall from height 19 12

  Other 14 8

Injury degree of laminar fractures in the the coronal plane, n 0.035

  Full-length laminar 
fractures

23 8

  Part-length laminar 
fractures

10 12

Injury degree of laminar fractures in the the axial plane, n 0.807

  Complete laminar 
fractures

17 11

  Incomplete laminar 
fractures

16 9

Age/years, x ± s 49.1 ± 9.6 43.4 ± 10.8 0.052

Follow up time/months, 
x ± s

17.6 ± 4.5 18.0 ± 2.9 0.693

Pre-AVH%, x ± s 59.0 ± 10.7 60.9 ± 12.9 0.587

Pre-cobb angle/°,x ± s 16.4 ± 5.5 15.8 ± 5.9 0.708

Pre-VWA/°,x ± s 16.9 ± 6.0 16.5 ± 5.9 0.839
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there was no statistical difference in age, gender, etiology, 
injured segment, pre-AVH%, pre-cobb angle, pre-VWA, 
injury degree of laminar fractures in the horizontal plane 
between the two groups (P > 0.05). There was a statisti-
cally significant difference in the pattern of laminar 
fractures between the two groups (P  < 0.05), suggesting 
a statistical difference between the effect of full-length 
and partial-length laminar fractures on the loss of cor-
rection after thoracolumbar burst fractures with laminar 
fractures.

Discussion
The thoracolumbar burst fracture is characterized by 
a falling height on the anterior margin of the vertebral 
body and damage to the posterior margin of the vertebral 
body. Upon encroachment of the posterior vertebral wall 
and posterior ligamentous complex, the posteriorly dis-
placed fracture fragment encroaches into the spinal canal 
[18, 19] with a high risk of neurological impairment [20]. 
Mohamed M. Aly et  al. [21] showed that the absence of 
horizontal laminar fracture, spinous process fracture, 
interspinous widening > 4 mm, and facet joint malignment 
has a high negative predictive value of PLC injury. When 
the interpedicular distance between the two sides of the 
vertebral body widens, laminar fractures result when the 
force exceeds the durability of the lamina. Tisot et al. [22] 
analyzed 92 thoracolumbar burst fracture patients with 
associated laminar fractures and found that injury severity 
and spinal canal encroachment were significantly higher 
(P < 0.001). These findings confirm that laminar fractures 
can measure the severity of fractures. A growing body of 
evidence suggests that thoracolumbar burst fractures asso-
ciated with laminar fractures have a significantly increased 
risk of dural tears and impaired neurological functioning 
[23–26]. Vertebral bodies are subject to different axial 
forces transmitted to the lamina across the pedicle, pro-
ducing laminar fractures with different laminar fractures 
under different forces. The laminar fracture was a reliable 
factor to assess the severity of spinal fracture.

In this study,patients with full-length laminar thora-
columbar burst fractures were at greater risk of postop-
erative loss of correction than those with partial-length 
laminar fractures (P < 0.05). As the longitudinal extrusion 
at the time of the fracture increases, so does the force 
applied to the lamina. In laminar fractures that present 
with full-length and partial-length laminar fractures 
at different force magnitudes, full-length laminar frac-
tures tend to cause greater injury than part-length lami-
nar fractures. There is a marked difference between the 
impact of full-length and partial-length laminar fractures 
on the postoperative correction. Statistical analyses of 
patients with associated vertical laminar fracture showed 
that Cobb was no longer an independent predictor of 

correction loss. This could be attributed to the difference 
in the samples for the two statistics. The first sample con-
sisted of 85 patients with thoracolumbar burst fractures, 
and the second sample consisted of 53 patients with ver-
tical laminar fracture. Considering that patients with 
vertical laminar fracture typically have higher degrees of 
fracture injury, and Cobb is already small at this point, 
the difference in Cobb between those with and without 
vertical laminar fracture must be smaller. This explains 
the variance in preoperative Cobb’s scores between the 
two statistical analyses. Our study may be subject to sta-
tistical error due to insufficient sample size and homoge-
neity. In our subsequent studies, we attempted to collect 
data from multiple sites and conducted prospective stud-
ies to minimize error.

Anterior column injury to the vertebral body is a impor-
tant cause of loss of correction following thoracolumbar 
burst fracture surgery. The instability of the anterior col-
umn of the spine could be attributed primarily to disc inju-
ries and intravertebral ‘Eggshell’ defects. Disc and posterior 
ligament complex injuries are frequently associated with 
severe thoracolumbar burst fractures. Wang et al. [27] sug-
gested that the loss of postoperative correction is associ-
ated with reduced intervertebral space due to disc collapse 
above the injured vertebra. The patients in this study had 
mild to moderate fractures with an LSC score of less than 
7. Therefore, disc injury was less likely, and all patients had 
a preoperative MRI to exclude disc injury, so this factor 
was excluded from this study. The posterior ligament com-
plex is essential for maintaining spine stability [28, 29]. A 
recent study has shown that the analysis of combined CT 
findings could improve the ability to confirm or rule out 
PLC injury [30]. Previous studies have been based on the 
laminar fractures observed in the horizontal plane on CT. 
In contrast, the laminopathic morphology presented by 
multiple planes on CT and the relationship of this mor-
phology to the loss of postoperative correction has never 
been investigated. We observed and described multiple 
laminar fractures in 2D CT reconstructions, dividing them 
into four categories based on the multiple planes present. 
Our study confirmed that the lamina Bifida and the preop-
erative Cobb were risk factors for loss of correction after 
thoracolumbar burst fracture surgery.

The objective of this study was to determine whether 
concomitant vertical laminar fracture are associated with 
loss of correction after thoracolumbar burst fracture 
surgery. Previous studies have well documented that the 
distance between the injured pedicles is an independent 
risk factor for internal fixation failure [31]. There is also 
evidence that preoperative Cobb is a risk factor for loss 
of postoperative correction. Preoperative Cobb’s hours 
are frequently associated with severe compression of 
the vertebral body, the interior of which is composed of 
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cancellous bone. While intraoperative fluoroscopy sug-
gests that the vertebral height can be restored when pedi-
cle screws indirectly reduce the fracture, the cancellous 
bone inside the vertebral body cannot be fully restored.

There are several limitations to this study. The study 
included only patients from one hospital’s spine sur-
gery department and a large sample multicenter study 
remains required to reduce the error. The second rea-
son is that this study was retrospective, and the probable 
loss of clinical data might lead to the appearance of an 
error because of the insufficient sample size. Third, since 
patients with thoracolumbar burst fractures complained 
of extreme pain and could not stand, they had to take 
spinal radiographs lying down. As patients’ clinical symp-
toms improved following surgery, standing was often 
the preferred position to take spinal radiographs. In this 
study, the radiograph position was not controlled, which 
may have affected the accuracy of the results. Fourth, the 
follow-up time after implant removal was short. That 
we had only 2 reviewers is another potential limitation. 
While we conducted a consensus reading to achieve a 
high degree of concordance, we acknowledge that this 
reading might be less reproducible in reviewers with less 
experience and in reviewers with no training.

Conclusions

1.	 This study was conducted to determine whether or 
not simultaneous lamina splitting and preoperative 
Cobb are independent risk factors for loss of post-
operative correction in patients with thoracolumbar 
burst fractures.

2.	 There was a statistical difference between full-length 
and partial-length laminar fractures on the loss of 
postoperative correction of thoracolumbar burst 
fractures with associated vertical laminar fracture.

3.	 There was no statistical difference in the effect of 
vertical laminar fracture morphology at the horizon-
tal plane on the loss of postoperative correction of 
thoracolumbar burst fractures with associated verti-
cal laminar fracture.

4.	 This study did not associate patient age, gender, cause 
of injury, injured segment, preoperative AVH%, and 
preoperative VWA with postoperative loss of Cobb 
correction.

Acknowledgements
Not applicable.

Authors’ contributions
Conception or design of the work: Hualin Li,Qi Chen,Naifeng Tian;Data acquisi-
tion: Hualin Li,Qi Chen,Jiasen Hu,Jianwei Xiang;Data analysis: Hualin LI,Jiapei 
Yu,Kaiyu LI;Drafting the work or revising it: Hualin Li,Naifeng Tian,Junjie Weng. 
All the Authors had approved the final version of the manuscript.

Funding
Open Access funding enabled and organized by The Second Affiliated Hospi-
tal and Yuying Childrens Hospital of Wenzhou Medical University.

Availability of data and materials
The datasets generated during and analyzed during the current study are not 
publicly available due to the protection of patient privacy but are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics board of The Second Affiliated Hospital 
and Yuying Childrens Hospital of Wenzhou Medical University. All methods 
were performed in accordance with the relevant guidelines and regulations. 
Patients were informed that their clinical data might be used for medical 
research and the informed consent were obtained on their first visit. Patients 
who rejected the consent were not included in this research.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Received: 16 September 2022   Accepted: 5 January 2023

References
	1.	 Routt MLC. Diagnosis and management of thoracolumbar spine frac-

tures. Instr Course Lect. 2004;53:359–73.
	2.	 Bruno AG, Burkhart K, Allaire B, Anderson DE, Bouxsein ML. Spinal load-

ing patterns from biomechanical modeling explain the high incidence 
of vertebral fractures in the thoracolumbar region. J Bone Miner Res. 
2017;32:1282–90.

	3.	 Gertzbein SD. Scoliosis Research Society. Multicenter Spine Fracture 
Study Spine. 1992;17:528–40.

	4.	 Liao J-C, Chen W-J. Short-segment instrumentation with fractured ver-
tebrae augmentation by screws and bone substitute for thoracolumbar 
unstable burst fractures. Biomed Res Int. 2019;2019:4780426.

	5.	 Lee K, Kim M, Seok S, Kim D, Im C. The relationship between superior disc-
endplate complex injury and correction loss in young adult patients with 
thoracolumbar stable burst fracture. Clin Orthop Surg. 2017;9:465–71. 
https://​doi.​org/​10.​4055/​cios.​2017.9.​4.​465.

	6.	 Skiak E, Karakasli A, Harb A, Satoglu I, Basci O, Havitcioglu H. The effect of 
laminae lesion on thoraco-lumbar fracture reduction. Orthop Traumatol 
Surg Res. 2015;101:489–94.

	7.	 Shi X, Xiang S, Dai B, He Z. Association of the presence and its types of 
lamina fractures with posterior dural tear and neurological deficits in 
traumatic thoracic and lumbar burst fractures. BMC Musculoskelet Disord. 
2021;22:300. https://​doi.​org/​10.​1186/​s12891-​021-​04178-9.

	8.	 Xu J-X, Zhou C-W, Tang Q, Wang C-G, Li J-W, Zhang L-L, et al. The correla-
tion between vertical laminar fractures and the severity of associated 
burst fractures. World Neurosurgery. 2018;109:e829–34.

	9.	 Aly M, Al-Shoaibi A, Al-Aithan A, AlJuzair A, Almasoudi T, AlFattani A, 
et al. Can vertical laminar fracture further discriminate fracture severity 
between thoracolumbar AO type A3 and A4 fractures? World Neurosurg. 
2021;155:e177–87. https://​doi.​org/​10.​1016/j.​wneu.​2021.​08.​035.

	10.	 Waring WP III, Biering-Sorensen F, Burns S, Donovan W, Graves D, Jha 
A, et al. 2009 review and revisions of the international standards for 
the neurological classification of spinal cord injury. J Spinal Cord Med. 
2010;33:346–52.

	11.	 McCormack T, Karaikovic E, Gaines RW. The load sharing classification of 
spine fractures. Spine. 1994;19:1741–4.

	12.	 Vaccaro AR, Lehman RA Jr, Hurlbert RJ, Anderson PA, Harris M, Hedlund 
R, et al. A new classification of thoracolumbar injuries: the importance of 

https://doi.org/10.4055/cios.2017.9.4.465
https://doi.org/10.1186/s12891-021-04178-9
https://doi.org/10.1016/j.wneu.2021.08.035


Page 9 of 9Li et al. BMC Musculoskeletal Disorders           (2023) 24:53 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

injury morphology, the integrity of the posterior ligamentous complex, 
and neurologic status. Spine. 2005;30:2325–33.

	13.	 Alvarenga JALLS, Martins DE, Ueta RHS, Del Curto D, Wajchenberg M, 
Puertas EB. Impact of surgeons’ experience on accuracy of radiographic 
segmental kyphosis assessment in thoracolumbar fractures: a prospec-
tive observational study. Patient Safety in Surgery. 2014;8:1–8.

	14.	 Chen J-X, Xu D-L, Sheng S-R, Goswami A, Xuan J, Jin H-M, et al. Risk factors of 
kyphosis recurrence after implant removal in thoracolumbar burst fractures 
following posterior short-segment fixation. Int Orthop. 2016;40:1253–60.

	15.	 Tezeren G, Kuru I. Posterior fixation of thoracolumbar burst fracture: 
short-segment pedicle fixation versus long-segment instrumentation. J 
Spinal Disord Tech. 2005;18:485–8. https://​doi.​org/​10.​1097/​01.​bsd.​00001​
49874.​61397.​38.

	16.	 Hu Z, Li X, Feng Z, Wang J, Gong L, Xuan J, et al. Modified pedicle screw 
placement at the fracture level for treatment of thoracolumbar burst 
fractures: a study protocol of a randomised controlled trial. BMJ Open. 
2019;9:e024110. https://​doi.​org/​10.​1136/​bmjop​en-​2018-​024110.

	17.	 Mahar A, Kim C, Wedemeyer M, Mitsunaga L, Odell T, Johnson B, et al. 
Short-segment fixation of lumbar burst fractures using pedicle fixation at 
the level of the fracture. Spine. 2007;32:1503–7. https://​doi.​org/​10.​1097/​
BRS.​0b013​e3180​67dd24.

	18.	 Tan T, Donohoe T, Huang M, Rutges J, Marion T, Mathew J, et al. Does 
combined anterior-posterior approach improve outcomes compared 
with Posterioronly approach in traumatic thoracolumbar burst fractures?: 
a systematic review. Asian Spine J. 2020;14:388–98. https://​doi.​org/​10.​
31616/​asj.​2019.​0203.

	19.	 Magerl F, Aebi M, Gertzbein S, Harms J, Nazarian S. A comprehensive clas-
sification of thoracic and lumbar injuries. Eur Spine J. 1994;3:184–201.

	20.	 Tang P, Long A, Shi T, Zhang L, Zhang L. Analysis of the independent risk 
factors of neurologic deficit after thoracolumbar burst fracture. J Orthop 
Surg Res. 2016;11:1–7.

	21.	 Aly M, Al-Shoaibi A, Al Fattani A, AlJuzair A. Diagnostic value of various 
morphological features of horizontal and vertical laminar fractures 
for posterior ligamentous complex injury of the thoracolumbar spine 
as defined by magnetic resonance imaging. World neurosurgery. 
2021;153:e290–9. https://​doi.​org/​10.​1016/j.​wneu.​2021.​06.​109.

	22.	 Tisot RA, Avanzi O. Laminar fractures as a severity marker in burst frac-
tures of the thoracolumbar spine. J Orthop Surg. 2009;17:261–4.

	23.	 Park J-K, Park J-W, Cho D-C, Sung J-K. Predictable factors for dural tears in 
lumbar burst fractures with vertical laminar fractures. J Korean Neurosurg 
Soc. 2011;50:11.

	24.	 Denis F, Burkus JK. Diagnosis and treatment of cauda equina entrapment in 
the vertical lamina fracture of lumbar burst fractures. Spine. 1991;16:S433–9.

	25.	 Radcliff K, Su BW, Kepler CK, Rubin T, Shimer AL, Rihn JA, et al. Correla-
tion of posterior ligamentous complex injury and neurological injury to 
loss of vertebral body height, kyphosis, and canal compromise. Spine. 
2012;37:1142–50.

	26.	 Xu J-X, Zhou C-W, Wang C-G, Tang Q, Li J-W, Zhang L-L, et al. Risk factors 
for dural tears in thoracic and lumbar burst fractures associated with 
vertical laminar fractures. Spine. 2018;43:774–9.

	27.	 Wang X-Y, Dai L-Y, Xu H-Z, Chi Y-L. Kyphosis recurrence after posterior 
short-segment fixation in thoracolumbar burst fractures. J Neurosurg 
Spine. 2008;8:246–54.

	28.	 Asano S, Kaneda K, Umehara S, Tadano S. The mechanical properties of 
the human L4-5 functional spinal unit during cyclic loading. The struc-
tural effects of the posterior elements. Spine. 1992;17:1343–52.

	29.	 Panjabi MM, Goel VK, Takata K. Physiologic strains in the lumbar spinal 
ligaments. An in vitro biomechanical study 1981 Volvo award in biome-
chanics. Spine. 1982;7:192–203.

	30.	 Aly M, Al-Shoaibi A, Alzahrani A, Al Fattani A. Analysis of the combined 
computed tomography findings improves the accuracy of computed 
tomography for detecting posterior ligamentous complex injury of the 
thoracolumbar spine as defined by magnetic resonance imaging. World 
Neurosurg. 2021;151:e760–70. https://​doi.​org/​10.​1016/j.​wneu.​2021.​04.​106.

	31.	 Langrana N, Harten R Jr, Lin D, Reiter M, Lee C. Acute thoracolumbar burst 
fractures: a new view of loading mechanisms. Spine. 2002;27:498–508.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1097/01.bsd.0000149874.61397.38
https://doi.org/10.1097/01.bsd.0000149874.61397.38
https://doi.org/10.1136/bmjopen-2018-024110
https://doi.org/10.1097/BRS.0b013e318067dd24
https://doi.org/10.1097/BRS.0b013e318067dd24
https://doi.org/10.31616/asj.2019.0203
https://doi.org/10.31616/asj.2019.0203
https://doi.org/10.1016/j.wneu.2021.06.109
https://doi.org/10.1016/j.wneu.2021.04.106

	The association between vertical laminar fracture and recurrent kyphosis after implant removal of Thoracolumbar burst fracture: a retrospective study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Inclusionexclusion criteria
	Imaging evaluation
	Study setting
	Surgical procedures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


