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Objective : The aims in the management of thoracolumbar spinal fractures are not only to restore vertebral column stability, but 
also to obtain acceptable alignment of the thoracolumbar junction (T-L junction) to prevent complications. However, insufficient 
surgical correction of the thoracolumbar spine would be likely to cause late progression of abnormal kyphosis. Therefore, we 
identified the surgical factors that affected unfavorable radiologic outcomes of the thoracolumbar spine after surgery.  
Methods : This study was conducted in a single institution from January 2007 to December 2013. A total of 98 patients with 
unstable thoracolumbar spine fracture were included. In these patients, fixation was done through transpedicular screws with rods 
by three surgical patterns. We re viewed digital radiographs and analyzed the images preoperatively and postoperatively during 
follow-up visits to compare the change of the thoracolumbar Cobb angle with radiologic parameters and clinical outcomes. The 
unfavorable radiologic group was defined as the patients who were measured as having greater than 20 degrees of thoracolumbar 
Cobb angle on the last follow-up, or who underwent kyphotic progression of thoracolumbar Cobb angle greater than 10 degrees 
from the immediate postoperative state to final follow-up, or who had overt instrument failure with/without additional surgery. We 
assessed the risk factors that affected the unfavorable radiologic outcomes.
Results : We had 43 patients with unfavorable radiologic outcomes, including 35 abnormal thoracolumbar alignments and 
14 instrumental failures with/without additional surgery. The multivariate logistic regression test showed that immediate 
postoperative T-L junction Cobb angle less than 10.5 degrees was a statistically significant risk factor, as well as the presence of 
osteoporosis (p=0.017 and 0.049, respectively).
Conclusion : Insufficient correction of thoracolumbar kyphosis was considered to be a major factor of an unfavorable radiological 
outcome. The spinal surgeon should consider that having a T-L junction Cobb angle larger than 10.5 degrees immediately after 
surgery could result in an unfavorable radiological outcome, which is related to a poor clinical outcome.  
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INTRODUCTION 

Nearly 90% of all spinal fractures occur in the thoracolum-

bar region (T-L junction), and burst fractures comprise ap-

proximately 10% to 20% of such injuries, because of their bio-

mechanical characteristics such as a transition between a 

rigid, kyphotic thoracic spine and a mobile, lordotic lumbar 

spine10,12,15,21,27,31,40).

Although non-operative treatment for the relatively stable 

burst fracture in this region can be indicated, surgery is advo-

cated for the unstable burst fracture. The advantages of sur-

gery include better correction of kyphotic deformity, greater 

initial stability, an opportunity to perform direct or indirect 

decompression of neural elements, decreased requirements for 

an external immobilization, and an early return to work1,10).

Although the ideal choice among three surgical approaches 

(i.e., anterior, posterior, or a combined approach) remains 

controversial, a high incidence of implant failure and correc-

tion loss even after stabilization surgery has been a major 

drawback in the posterior approach, despite its popularity and 

convenience to the spinal surgeon9,11,14,16,17,20,26,28,29). With a 

nearly 50% incidence of implant failure and 10 degrees of cor-

rection loss even after surgical reduction that is reported in 

the literature concerning the posterior approach, this ap-

proach also has an unfavorable radiological outcome of T-L 

junction burst fractures. In addition, the strong correlation 

between T-L junction Cobb angle greater than 20° through 

the correction loss and severe back pain have been shown in 

previous studies2,9,14,18,29,32,37,38,43). 

Thus, the authors reviewed T-L junction burst fracture pa-

tient data in a single center retrospectively to find risk factors 

and the cutoff values for the unfavorable radiological out-

comes, such as the correction loss greater than 10 degrees, the 

development of postoperative final Cobb angle greater than 

20 degrees, or early mechanical failure. In addition, we also 

analyzed the relation between clinical outcomes and the afore-

mentioned unfavorable radiological outcomes.

MATERIALS AND METHODS 

Subjects and study design 
Ninety-eight patients who had posterior fusion surgery for a 

single-level burst fracture at the T-L junction from T11 to L2 

level between January 2001 and December 2012 at a single in-

stitution were included in the study. This study was reviewed 

and apporoved by the Institutional Review Board (GNAH 

IRB 201609009). The surgical indications for an acute, unsta-

ble burst fracture after high energy were as follows : 1) the 

presence of neurological deficit except an isolated partial 

nerve root problem, 2) a fracture with a Cobb angle of greater 

than 30 degrees, 3) a fracture with a compression rate of the 

anterior column greater than 40%, 4) a fracture with canal 

compromise greater than 50%, or 5) the presence of posterior 

ligamentous complex injury on magnetic resonance imag-

ing10).

Our inclusion criteria for this analysis were as follows : 1) a 

single-level burst fracture, 2) a posterior fusion surgery with 

only a pedicle screw, 3) no additional anterior surgery to sup-

port the anterior column, 4) no uncontrolled medical comor-

bidity, 5) a minimum follow-up time of more than 1 year after 

surgery, 6) no other serious combined injury, and 7) more 

than four points on the Thoracolumbar Injury Classification 

and Severity (TLICS) scale. 

Surgical stabilization was done to correct trauma-induced 

kyphosis only through positional reduction and compression 

using a screw and rod system after general anesthesia. Because 

we included a posterior fusion surgery with only a pedicle 

screw for this analysis, there was no further procedure (e.g., an 

osteotomy or anterior graft support) for more correction of 

kyphosis except positional reduction in our study population. 

After pedicle screw insertion, an indirect decompression and 

bilateral compression maneuver using a screw and rod system 

was performed.

Three types of posterior fusion surgeries were performed 

randomly (Fig. 1). All the patients were advised to wear a tho-

racolumbosacral orthosis for 8 weeks postoperatively. An early 

rehabilitation and ambulation was recommended in all pa-

tients. Although bone mineral density (BMD) was not checked 

routinely, 20 patients older than 60 years of age or suspected 

to have poor bone quality (e.g., heavy smokers or scant bone 

marrow seen on computed tomography scan) had a BMD test 

performed after surgery. We defined osteoporosis as a T-score 

on the BMD test of less than -2.5. The bone materials that 

were used for fusion were detailed as three patterns (i.e., local 

bone only, local bone with allograft, or autograft iliac bone). 

We classified all patients’ postoperative ambulation status into 

two types including a standing with or without assistance and 
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a wheelchair ambulation. Injury severity was measured with 

TLICS, and patients were classified into three groups accord-

ing to the TLICS scores of 4–5, 6–8, and 9–10.

Definition of an unfavorable radiological out-
come and clinical and radiological parameter 
measurement

We defined the group of unfavorable radiological outcomes 

as the patients who were measured with greater than 20 de-

grees of thoracolumbar Cobb angle at the last follow-up, or 

who had kyphotic progression of thoracolumbar Cobb angle 

greater than 10 degrees from the immediate postoperative 

state to the 1-year follow-up, or who had overt instrument fail-

ure such as fracture, screw pullout followed by nonunion, or 

instability with or without additional revision surgery accord-

ing to the previous guidelines2,9,14,18,29,32,37,43). The basic charac-

teristics of all patients were compared between the two groups 

(i.e., favorable and unfavorable radiological outcomes) accord-

ing to the age, gender, injury level, the presence of osteoporo-

sis, operation type, bone fusion material, postoperative ambu-

lation status, and preoperative TLICS score (Table 1). 

Clinical outcomes including the low back outcome score 

(LBOS) and a change in the America Spinal Injury Associa-

tion Impairment Scale (AIS) over 1 year were collected from 

medical records or follow-up visits and compared between 

groups. The grading system of LBOS was categorized through 

four levels : excellent (65–75), good (50–64), fair (30–49), and 

poor (0–30)19). We also analyzed whether or not a better (i.e., 

excellent or good) or worse (i.e., fair or poor) LBOS at 1 year 

after surgery was affected by radiological outcomes (i.e., favor-

able or unfavorable radiological outcome)2,9,14,18,29,32,37,43). AIS 

ranged from A (i.e., complete spinal cord injury) to E (i.e., 

neurologically intact status), and its change during 1 year was 

also compared between the favorable and unfavorable radio-

logical outcome groups25).

The Cobb angle at the T-L junction was defined as the angle 

between the superior endplate of T10 and the inferior endplate 

of L2. The Cobb angle before surgery, in the immediate post-

Fig. 1. Lateral plain postoperative radiographs of three patients with L1 burst facture treated by three surgical techniques (A-C). 

A B C
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operative period, and at 1 year postoperatively was measured 

(Fig. 2). The change of Cobb angle between preoperation and 

the immediate postoperative period and between the immedi-

ate postoperative period and 1 year postoperatively were also 

identified for statistical analysis. 

A statistical analysis to find a risk factor for an 
unfavorable radiological outcome   

The data are presented as means±standard deviations for 

continuous variables and as absolute or relative frequencies for 

categorical variables. Unpaired Student’s t tests or Mann-

Whitney U tests were used to compare continuous variables, 

and the chi-square test was used for categorical variables. 

Multivariate logistic regression analyses using the aforemen-

tioned significant variables were used to identify independent 

predictors of favorable radiological outcomes. The results of a 

Table 1. Comparison of baseline characteristics of the patients within favorable and unfavorable radiologic outcomes

Favorable (n=55) Unfavorable (n=43) p-value

Age (years) 44.0±14.42 52.0±12.32 0.004*

Sex (M : F) 34 : 21 37 : 6 0.008*

Injury level 0.797

T11 2 (4) 3 (7)

T12 10 (18) 9 (21)

L1 28 (51) 22 (51)

L2 15 (27) 9 (21)

Overt osteoporosis 6 (11) 14 (33) 0.007*

Surgical method (fusion) 0.246

2-level fusion  35 (64) 34 (79)

3-level fusion 12 (22) 5 (12)

4-level fusion 8 (14) 4 (9)

Bone grafting 0.791

Local only 8 (15) 7 (16)

Local+allograft 41 (75) 33 (77)

Local+autograft (iliac) 6 (10) 3 (7)

Postoperative ambulation 0.453

Standing independently 42 (76) 36 (84)

Wheelchair assisted 13 (24) 7 (16)

TLICS 0.117

4–5 24 (44) 26 (60)

6–8 14 (25) 11 (26)

9–10 17 (31) 6 (14)

Values are expressed as mean±standard deviation or number (%). *Statistically significant (p<0.05). M : male, F : female, TLICS : thoracolumbar injury 
classification and severity

Fig. 2. Postoperative radiographs showing the overall thoracolumbar 
Cobb angle for a case from each of the radiologic groups (left, unfavor-
able radiological outcome group; right, favorable radiological outcome 
group), which is a measured angle A between the superior endplate of 
T10 and the inferior endplate of L2. 
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multivariate logistic regression were reported as odds ratios 

and 95% confidence intervals (CIs). Area under the receiver 

operating characteristics (ROC) curve was computed to deter-

mine an ideal cutoff value for preventing unfavorable radio-

logical outcome using a significant variable in the multivariate 

regression test. The multivariate logistic regression analysis 

was done, again after changing the significant continuous 

variable of previous logistic regression to a categorical variable 

according to the above cutoff value. A p value ≤0.05 was con-

sidered to be statistically significant. All statistical analyses 

were performed using SPSS for Windows version 18.0 (SPSS 

Inc., Chicago, IL, USA).

RESULTS

There were 71 males and 27 females in our cohort, with a 

mean age of 48.0 years (range, 16–78 years). The mean follow-

up duration was 23.6 months, with a range of 12 to 106 

months. The 5, 19, 50, and 24 fractures were at T11, T12, L1, 

and L2 levels, respectively.

During the minimal 1-year follow-up, with a total of 98 pa-

tients, there were 35 patients (35.7%) with T-L junction Cobb 

angle greater than 20 degrees at the final follow-up visit, 22 

patients (22.4%) with kyphotic progression of thoracolumbar 

cobb angle greater than 10 degrees, eight patients (8.1%) with 

instrument failure followed by revision surgery, and six pa-

tients (6.1%) with instrument failure without revision surgery. 

Because 28 patients were included in more than two of the 

previously mentioned categories, we classified 43 patients into 

the unfavorable radiological outcome group and the other 55 

patients into the favorable radiological outcome group. There 

was a statistically significant difference among the basic char-

acteristics between the two groups in age, sex, and osteoporo-

sis (Table 1).

Among the 98 patients, the LBOS of 59 patients was fair or 

poor at the 1-year postoperative follow-up visit. There were 20 

and 39 patients in the favorable and unfavorable radiological 

outcome groups, respectively. There was a statistically signifi-

cant difference between the two groups (p=0.001). Moreover, 

the changed grade from preoperative AIS to that of 1-year 

postoperative follow-up was compared between groups. Also, 

0, 1, 2, and 3 grading changes were observed in 19, 21, 14, and 

one patient in the favorable radiological outcome group, re-

spectively, and 23, 17, three, and zero patients in the unfavor-

able radiological outcome group, respectively. There was no 

statistically significant difference between the two groups 

(Table 2).

The mean preoperative, immediate postoperative, and 

1-year postoperative T-L junction Cobb angle were 15.32±

Table 2. Comparison of clinical outcomes of the patients within favorable and unfavorable radiologic outcomes

Clinical outcome Favorable (n=55) Unfavorable (n=43) p-value

The low back outcome score 0.001*

Poor or fair 20 39

Excellent or good 35 4

Initial AIS (A–E) 0.569

A 6 2

B 6 2

C 11 10

D 16 13

E 16 16

The changed grading numbers from initial AIS of injured 
  neurologic patients after surgery

0.056

0 (no change) 19 23

1 (A→B; B→C; C→D; D→E) 21 17

2 (A→C; B→D) 14 3

3 (A→D) 1 0

*Statistically significant (p<0.05). AIS : American spinal injury association impairment scale
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6.90, 5.78±4.98, and 11.41±5.34 degrees, respectively, in the fa-

vorable radiological group. Those in the unfavorable radiolog-

ical group were 19.09±7.96, 13.19±5.60, and 23.95±6.09 de-

grees. The changes of Cobb angle between preoperation and 

the immediate postoperative period (i.e., surgical correction) 

were 9.45±7.12 degrees in the favorable radiological outcome 

group and 6.05±6.00 degrees in the unfavorable radiological 

outcome group. The changes of Cobb angle between the im-

mediate postoperative period and 1 year postoperatively (i.e., loss 

of correction) was 4.56±3.27 degrees in the favorable radio-

logical outcome group and 10.91±5.61 degrees in the unfavor-

able radiological outcome group. There was a statistically sig-

nificant difference in the immediate postoperative Cobb angle 

between the favorable and unfavorable radiological outcome 

groups (p=0.000, Table 3). Multivariate logistic regression test 

using statistically significant independent variables showed 

that an immediate postoperative T-L junction Cobb angle as a 

continuous variable was only a significant risk factor for an 

unfavorable radiological outcome (p<0.0001, Table 4). In ROC 

Table 3. Comparison of radiologic parameters of the patients within favorable and unfavorable radiologic outcomes

Radiologic outcome Favorable (n=55) Unfavorable (n=43) p-value

Preop. TLJ Cobb angle (degree) 15.32±6.90 19.09±7.96 0.020*

Immediate postop. TLJ Cobb angle (degree) 5.78±4.98 13.19±5.60 0.000*

Immediate postop. TLJ Cobb angle 0.000*

1 to 4 degrees 8 (14.5) 1 (2.3)

0 to -9 degrees 32 (58.2) 11 (25.6)

-10 to -24 degrees 15 (27.3) 31 (72.1)

Final TLJ Cobb angle (degree) 11.41±5.34 23.95±6.09 0.000*

TLJ Kyphosis correction (degree) through operation 9.45±7.12 6.05±6.00 0.023*

Change of TLJ kyphosis from immediate postop. state to 
  final follow-up (degree)

4.56±3.27 10.91±5.61 0.000*

Values are expressed as mean±standard deviation or number (%). preop. : preoperative, TLJ : thoracolumbar junction, postop. : postoperative

Table 4. Factors associated with favorable radiologic outcomes by multiple logistic regression analysis

Multivariate analysis
p-value

 Adjusted OR 95% CI

Age (years) 1.02 0.98–1.07 0.371

Gender 1.06 0.24–4.79 0.935

Overt osteoporosis 3.24  0.74–14.21 0.120

Preop. TLJ Cobb angle (degree) 1.00 0.91–1.11 0.958

Immediate postop. TLJ Cobb angle (degree) 0.74 0.63–0.86 0.000

OR : odds ratio, CI : confidence interval, preop. : preoperative, TLJ : thoracolumbar junction, postop. : postoperative

Fig. 3. The receiver operating characteristics (ROC) curve analysis for 
favorable radiological outcomes, the area under the ROC curves was 
0.836 (95% confidence interval 0.75–0.92). The Cutoff value of immediate 
postoperative T-L junction Cobb angle is 10.5 degrees (arrow). The 
sensitivity and specificity were 82% and 72%, respectively.
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curve analysis for favorable radiological outcomes, the area un-

der the ROC curves was 0.836 (95% CI 0.75–0.92), and compared 

to the other variables, immediate postoperative T-L junction 

Cobb angle (10.5 degrees) had the most reliable diagnostic 

power for predicting favorable radiological outcomes. The 

sensitivity and specificity were 82% and 72%, respectively 

(Fig. 3). After changing a continuous variable of immediate 

postoperative T-L junction Cobb angle into a categorical vari-

able according to 10.5 degrees, a multivariate logistic regres-

sion test also showed immediate postoperative T-L junction 

Cobb angle less than 10.5 degrees was a statistically significant 

risk factor as well as the presence of osteoporosis (p=0.017 and 

0.049, respectively; Table 5).

DISCUSSION

Although surgical treatment for T-L junction burst frac-

tures is popularly performed, there has been no standard 

guideline regarding the surgical approach, fusion level, or the 

amount of kyphosis correction8). Which surgical approach 

(i.e., anteriorly, posteriorly, or combined anterior and posteri-

orly) is best has long been a matter of debate, because each of 

the three approaches has its own advantages and disadvantag-

es. The posterior approach of the T-L junction is well estab-

lished, with advantages such as more safety in exploring the 

surgical site without violating the pulmonary, visceral, and 

vascular structures and being less technically demanding30). 

However, an instrument failure and recurrence of kyphosis 

have been well reported when the posterior alone approach is 

made without vertebral body reconstruction, as in our proce-

dure9,14,29). A suggested modality to solve these problems is 

long segment pedicle screw fixation (two above and two be-

low); however, this procedure comes with less preservation of 

spinal motion and has been proven to be not significantly ef-

fective for preventing postoperative correction loss like our 

data13).

One recent study reported that 12-degree T-L junction 

Cobb angle could be related to poor functional outcome. Be-

cause nearly 5 degrees of correction loss developed even after 

anterior-posterior surgery in this study, it could be suggested 

that the immediate postoperative Cobb angle should be less 

than 7 degrees for the reasonable functional outcome35). This 

value is a more strict cutoff value compared with our data, be-

cause this analysis is based on the functional outcome; our 

analysis was based on the radiological outcome. 

It has been well known that a correction loss of nearly 10 de-

grees develops even after surgery and, if the kyphotic correc-

tion loss finally reaches 20 degrees Cobb angle, this amount 

has been related to poor function outcome2,9,14,18,29,32,35,37,38,43). 

Based on those hypotheses, we take it for granted that the im-

mediate postoperative T-L junction Cobb angle should be 

greater than 10.5 degrees, not to reach 20 degrees of Cobb angle 

in our result. Interestingly, correction loss in the favorable ra-

diological outcome group was less than that for the unfavor-

able radiological group, as well as the amount of immediate 

postoperative kyphosis (Table 3). Considering this result (Ta-

ble 3) and multivariate logistic regression analysis (Table 4) si-

multaneously, we believe that the ideal immediate postopera-

tive T-L junction angle is no more than 10.5 degrees. This angle 

could give us less correction loss, and is similar to the amount 

of correction loss after surgery of a previous article35).

In the current study, we found that most patients’ T-L junc-

tion kyphosis had been corrected immediately postoperative-

ly, but a considerable number of patients had progressive 

worsening of their corrected thoracolumbar alignment during 

a period of less than 1 year after fusion surgery. Interestingly, 

this tendency was significantly observed in patients with se-

Table 5. Factors associated with favorable radiologic outcomes by multiple logistic regression analysis

Multivariate analysis
p-value

Adjusted OR 95% CI

Age (years) 1.03 0.99–1.07 0.143

Gender 0.53 0.14–2.03 0.350

Overt osteoporosis 3.90 1.01–15.10 0.049

Preop. TLJ Cobb angle (degree) 0.4 0.87–1.02 0.122

Immediate postop. TLJ Cobb angle (cut off value 10.5 degree) 3.99 1.28–12.38 0.017

OR : odds ratio, CI : confidence interval, preop. : preoperative, TLJ : thoracolumbar junction, postop. : postoperative
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vere preoperative T-L junction kyphosis, and they also under-

went a relatively small amount of surgical correction in their 

T-L junction kyphosis. The biomechanical characteristics of the 

thoracolumbar spine could be one of the probable explana-

tions of this tendency. When an increased load is given to the 

thoracic curvature, the lower sections of the spine present a 

proportionally greater amount of body mass shifting, anteri-

orly without the load sharing by the sternum or ribs5,6). Like-

wise, a return to the normal range of thoracolumbar curvature 

after unstable fracture is also important to avoid additional 

excessive loading to the spine, which might be another sec-

ondary complication23).

The clinical outcomes were evaluated by LBOS and AIS in 

this study, and we experienced that the poor outcome of the 

unfavorable radiological outcome group was related to a poor 

clinical outcome, such as in the LBOS; conversely, AIS was not 

significantly correlated to the radiological outcome. This dis-

crepancy was inferred from chronic sustained back pain, 

caused by malalignment of the thoracolumbar spine (i.e., ky-

phosis) even with neurological improvement. Although the 

discrepancy of radiological outcomes and clinical outcomes 

are often reported by some articles3,34,41-43), some other evi-

dence also reported that T-L junction kyphosis led to chronic 

back pain and that its correction resulted in the improvement 

of clinical symptoms in the posttraumatic kyphosis7,39,44).

We suggest the value of T-L junction Cobb angle less than 

10.5 degrees for the reasonable extent of surgical correction in 

thoracolumbar burst fracture through this study. However, we 

also believe that it is difficult to make an exact T-L junction 

angle with such a narrow guideline during surgery. Thus, our 

recommendation is that a surgeon should keep in mind that 

the larger the immediate postoperative T-L junction kyphosis, 

the larger the possible correction loss, resulting in poor clini-

cal outcome. With this guideline in mind, when we found an 

abnormally uncorrected kyphosis, especially one greater than 

10.5 degrees even after a positional reduction, more aggressive 

osteotomy or anterior graft support with a partial corpectomy 

could be recommended. A combined anterior and posterior 

procedure could also be an option for the surgical treatment 

of severe kyphotic deformities4,36).

For a patient with a presence of osteoporosis is another sig-

nificant risk factor (Table 5). The poor bone quality in these 

patients is another probable cause of the progression of thora-

columbar kyphosis and instrument failure during follow-

up22,24,33). Thus, we also recommend more careful concern be 

given within our cutoff value for patients with osteoporosis. 

Among the limitations of our study, we had performed the 

stabilization through the posterior approach with only pedicle 

screws. Therefore, the previously mentioned extent of tolera-

ble surgical thoracolumbar kyphosis was not the absolute val-

ue, but it would be a helpful reference. In addition, our pa-

tients did not undergo whole spinal radiographic examination; 

thus, there is another limitation for evaluating the relation be-

tween the T-L junction kyphosis and global sagittal parame-

ters. Further studies without the confounding factors and a 

larger cohort are warranted for more accurate results.

CONCLUSION

Insufficient correction of thoracolumbar kyphosis was con-

sidered to be a major factor of an unfavorable radiological 

outcome. Although unfavorable radiological outcomes did 

not affect more neurological improvement, they significantly 

affected LBOS. Thus, the spinal surgeon should consider that 

a remaining T-L junction kyphotic Cobb angle greater than 

10.5 degrees immediately after surgery could result in an un-

favorable radiological outcome, which is related to poor clini-

cal outcome. 
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