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Abstract

Background: Fractures of the thoracolumbar (TL) vertebrae are common. Optimal surgical management aims to enhance 
movement and provide long-term stability. Short segment posterior spinal fixation (SSPSF) provides better movement, 
has less economic burden, but superiority over long segment posterior spinal fixation (LSPSF) remains uncertain. The aim 
of this study was to report the difference between SSPSF versus LSPSF with regards to loss of correction measured with 
Cobb’s angle in patients with single level unstable burst TL vertebral fractures.

Methods: This was a retrospective cohort study including patients who presented between August 2012 to July 2015 at 
King Saud Medical City, Saudi Arabia- a level I trauma centre. Cobb’s angles were measured by two independent assessors 
immediately post-operative and at one-year follow up. The differences in Cobb’s angles were compared for all included 
patients, and in subgroups of patients that underwent fusion and in the subgroup of patients that underwent LSPSF only.

Results: There were 39 patients included with a burst type fracture and completed 1-year follow-up. Ten patients 
underwent SSPSF and 29 underwent LSPSF. The mean age was 35 (SD 15.7) years, the most common mechanism of injury 
was a motor vehicle crash (32; 85.1%) and the L1 (20; 51.3%) was the most commonly injured vertebra. Among patients 
who underwent SSPSF, Cobb’s angles were significantly higher immediately post-surgery (9.0 vs. 0.35 degrees; p < 0.001) 
and at 1-year after surgery (16.5 vs. 3.46 degrees; p < 0.001). Change in Cobb’s angle at 1-year follow-up was 7.5 (SD 3.6) 
degrees among SSPSF group, compared to 3.1 (SD 4.8) degrees in the LSPSF group (p < 0.001). The differences persisted 
when patients who underwent SSPF were compared to those that underwent LSPSF without fusion. Among patients who 
underwent LSPSF, no differences were observed between those who underwent fusion versus those that did not.

Conclusion: LSPSF appeared superior to SSPSF for maintaining Cobb’s angle at 1-year post-surgery. Further research 
on parameters describing clinical and patient reported outcomes following different fixation modalities are needed to 
determine the most appropriate surgical technique.
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Introduction
Traumatic vertebral injuries are major causes of morbidity 

in Saudi Arabia with the leading mechanism being motor 
vehicle collisions (MVC) [1,2]. The thoracolumbar (TL) 
junction (T11-L2) is the most commonly injured segment 
in the vertebral column as it is subjected to biomechanical 

stresses linked to its location in a transitional zone between 
a relatively rigid thoracic spine that is connected with the rib 
cage and the more mobile and dynamic lumbar spine [3,4]. 
The first lumbar vertebra (L1) is the most commonly injured 
and a burst type injury is the most common morphology [5].

Several classification systems are available in literature 
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two vertebras below the fracture. Unstable burst fracture 
is defined as AO type A3 or Type A4 [6] with associated 
PLC injury, decrease in vertebral height of more than 50%, 
canal narrowing more than 50%, neurological involvement, 
or sagittal junctional Cobb’s angle of more than 20 degrees. 
Excluded cases were patients who had fragility low mechanism 
of injury burst fractures, documented to have osteopenia or 
osteoporosis, patients with adjacent spinal injuries and those 
who had departed Saudi Arabia within one year of surgery.

Data Collection and Statistical Analysis
Data were extracted using an explicit chart review and 

included age in years as a continuous variable, sex as a binary 
variable, mechanism of injury, level and type of fracture. 
The Cobb’s angle in degrees on standing lateral X-ray was 
calculated using immediate post-operative and one-year 
follow-up as a continuous variable. The Cobb’s angle was 

for vertebral fractures [6,7]. Burst fractures are a result 
of failure of anterior and middle columns and considered 
either AO type 3 (incomplete) or AO type 4 (complete) [6]. 
McAfee, et al. classified burst fractures to a stable form- 
where the posterior column is intact and can be treated 
conservatively, and an unstable form; where the posterior 
column is disrupted and surgical treatment is necessary [7]. 
Integrity of the posterior ligamentous complex (PLC) is crucial 
for spinal stability and when disrupted, deformity and failure 
of conservative treatment can occur, which can be assessed 
by short-tau inversion-recovery (STIR) sequences on MRI in 
the acute setting following injury [8].

There exists controversy regarding the indications for 
surgical treatment. Apart from neurological injury being an 
absolute indication for surgery, some of the other commonly 
used indications are more than 20° to 30° angle of kyphotic 
deformity, more than 50% loss of vertebral body height, and 
more than 40% to 50% canal narrowing [9]. Among patients 
managed surgically, preservation of motion segments is a 
basic principle in spinal surgery for the management of burst 
fractures [10,11]. Short segment fixation (one vertebra above 
and one below) was found to be successful in some studies in 
order to preserve more motion that can be decreased with 
longer segments fixation with no difference in outcome and 
with less cost, and intra-operative bleeding [12-15]. Other 
studies showed that long segment instrumentation has more 
favourable outcomes compared to short segment fusion in 
terms of radiographic and clinical outcomes [16,17].

Post-operative Cobb’s angle is a useful indicator of 
satisfactory alignment [18]. Measuring the Cobb’s angle from 
the upper end plate of the vertebra above the fractured 
level and lower end plate of vertebra below has good inter 
observer agreement (Figure 1) [19]. The aim of this study was 
to assess the standing radiographic outcome measurement 
using sagittal Cobb’s angle in patients with thoracolumbar 
burst fracture AO type A3 and A4 treated with a short 
segment posterior spinal fixation (SSPSF) compared to long 
segment posterior spinal fixation (LSPSF).

Materials and Methods
This was a retrospective cohort study conducted among 

patients who presented during the period from August 2012 
to July 2015 at King Saud Medical City (KSMC). KSMC is a 
major trauma centre and a tertiary centre in the capital of 
Saudi Arabia, Riyadh. It provides emergency healthcare to all 
individuals with no exception and has the largest orthopaedic 
department in Saudi Arabia with regards to bed capacity.

Patients
The inclusion criteria were: (1) Adult patients with a (2) 

Single level unstable thoracolumbar junction burst fractures 
involving T11-L2 segment (3) Treated with short segment 
transpedicular posterior spinal fixation or long segment 
transpedicular posterior spinal fixation. Short segment 
posterior spinal fixation (SSPSF) is defined as transpedicular 
fixation that involves one vertebra above and one vertebra 
below. Long segment posterior spinal fixation (LSPSF) is 
defined as fixation that involves two vertebras above and 
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Figure 1: Standing X-ray for a patient with T12 incomplete 
burst fracture. Cobb’s angle was used to assess the degree of 
kyphosis after the injury.
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burst fractures who underwent posterior spinal fixation and 
fulfilled the inclusion criteria. The average age of included 
patients was 35 (SD 15.7) years, and most (n = 29) were male. 
Of the total cohort 10 patients underwent short segment 
posterior spinal fixation (SSPSF) and 29 patients underwent 
long segment posterior spinal fixation (LSPSF). There were 21 
AO type A4 fractures of all patients, 17 (80.95%) underwent 
LSPSF, 4 (19.05%) underwent SSPSF. There were 18 AO type 
A3 fractures of all cases, 12 (66.67%) underwent LSPSF, 6 
(33.33%) cases underwent SSPSF (Table 1 and Figure 2).

Assessment of post-operative Cobb’s angles had 
substantial inter-rater agreement with Cohen’s kappa of 0.69 
(95% CI: 0.58-0.80) and Pitman’s test of difference in variance 
p = 0.19. Assessment of Cobb’s angles at 1 year post surgery 
also had substantial inter-rater agreement with Cohen’s kappa 
of 0.78 (95% CI: 0.71-0.85) and Pitman’s test of difference 
in variance p = 0.76. The mean Cobb’s angle immediately 
post-operatively of patients who underwent SSPSF was 9.00 
(SD: 4.81) degrees, compared to 0.35 (SD: 6.88) degrees in 
patients who underwent LSPSF with a statistically significant 
difference (p < 0.001). At one-year post surgery, the mean 
Cobb’s angle was 16.5 (SD: 5.63) degrees after SSPSF and 3.46 
(SD: 8.01) degrees after LSPSF with a statistically significant 
difference (p < 0.001). The average Change of Cobb’s angle 
between patients who underwent SSPSF and LSPSF was 7.5 
(SD 3.64) degrees and 3.11 (SD 4.77) degrees respectively (p 
< 0.001; Table 2).

Out of all cases, 28 (71.8%) underwent posterior spinal 
fixation without fusion and the rest underwent fusion. Of 
LSPSF cases, 18 (62.1%) underwent fixation without fusion 
while all SSPSF cases did not undergo fusion. When we 
compared LSPSF without fusion, SSPSF cases had higher 
immediate and 1-year post-operative Cobb’s angle, and a 

measured by the method of measuring the angle from 
the upper endplate of the vertebra above and the lower 
endplate of the vertebra below the fracture site (Figure 1). 
It was measured by 2 independent reviewers and inter-rater 
agreement reported using weighted kappa scores (with 95% 
confidence intervals) and p-values calculated using Pitman's 
test of difference in variance. The mean of the measurements 
of the two assessors was reported for each patient. Outcome 
measures were the difference, and change in sagittal Cobb’s 
angle immediately post-operatively, and at one-year follow-
up between the SSPSF and LSPSF groups. In addition, we 
compared immediately post-operative and one-year Cobb’s 
angles for the subgroups of (1) Patients who underwent 
LSPSF without fusion to those with fusion and (2) Patients 
who underwent LSPSF without fusion to SSPSF.

The outcome variables were assessed using the difference 
between the two means. Statistical significance between 
two means was assessed using Student’s t-test. All statistical 
analyses were conducted using SAS® University Edition 
software (version 9; SAS institute, Inc, Cary, NC). A p-value 
of < 0.05 was defined as statistically significant. The study 
was reviewed and approved by the KSMC central institutional 
review board (Project reference H1RI-13-Dec17-01).

Results
Total of 374 adult patients with TL fractures were 

identified. Of these, 106 (28.3%) had unstable burst TL 
fracture, three patients were excluded for having an adjacent 
vertebral fracture and two patients were excluded for having 
osteoporotic fractures. Sixty-two patients did not have data 
on one-year follow-up as they were expatriate workers 
who returned to home countries after treatment. There 
were 39 patients with single level unstable thoracolumbar 

Table 1: Demographic data and injury characteristics.

SSPSF

(n = 10)

LSPSF

(n = 29)

Total

(n = 39)

Age (years) 30.7 (SD: 9.2) 36.5 (SD: 17.3) 35 (SD: 15.7)

Sex

Male 7 (70.0%) 22 (75.9%) 29 (74.36%)

Female 3 (30.0%) 7 (24.1%) 10 (25.64%)

Level of Fracture

T11 3 (30.0%) 1 (3.4%) 4 (10.3%)

T12 3 (30.0%) 6 (20.7%) 9 (23.1%)

L1 4 (40.0%) 16 (55.2%) 20 (51.3 %)

L2 0 (0%) 6 (20.7%) 6 (15.4%)

Mechanism of Injury

Motor vehicle crash 9 (90.0%) 23 (79.3%) 32 (82.0%)

Falls 1 (10.0%) 6 (20.7%) 7 (18.0%)

AO fracture type

AO type A3 6 (60.0%) 12 (41.4%) 18 (46.1%)

AO type A4 4 (40.0%) 17 (58.6%) 21 (53.8%)

SSPSF: Short Segment Posterior Spinal Fixation; LSPSF: Long Segment Posterior Spinal Fixation
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Figure 2: Subject selection.

Table 2: Cobb’s angles in degrees and change over 1 year after surgery.

All patients

SSPSF (n = 10) LSPSF (n = 29) p-value

Immediately post-op 9.0 (SD 4.81) 0.35 (SD 6.88) < 0.001

1-year post-operatively 16.5 (SD 5.63) 3.46 (SD 8.01) < 0.001

Change over 1 year 7.5 (SD 3.64) 3.11 (SD 4.77) < 0.001

Subgroup of patients without fusion

SSPSF (n = 10) LSPSF (n = 18)

Immediately post-op 9 (SD 4.81) 0.7 (SD 5.82) < 0.001

1-year post-operatively 16.5 (SD 5.38) 2.81 (SD 7.34) < 0.001

Change over 1 year 7.5 (SD 3.64) 1.39 (SD 6.13) < 0.001

Subgroup of patients undergoing LSPSF

Fusion (n = 11) No fusion (n = 18)

Immediately post-op 2.08 (SD 8.33) 0.7 (SD 5.82) 0.23

1-year post-operatively 4.52 (SD 9.02) 2.81 (SD 7.39) 0.21

Change over 1 year 2.45 (SD 3.64) 1.39 (SD 6.13) 0.12

SSPSF: Short Segment Posterior Spinal Fixation; LSPSF: Long Segment Posterior Spinal Fixation

Discussion
In this single centre study from the largest trauma centre 

in Saudi Arabia, post-operative sagittal Cobb’s angles were 
significantly different between patients who underwent LSPSF 
compared to SSPSF. Cobb’s angles were higher after SSPF at 
both immediately post operative and at one-year. In addition, 
the increase in Cobb’s angle was higher for patients who 
underwent SSPSF compared to those that underwent LSPSF. 

greater in Cobb’s angle from post-operative values (p < 0.001; 
Table 2).

When the 18 LSPSF cases (62.1%) who did not undergo 
fusion were compared to the 11 LSPSF cases (37.9%) who 
underwent fusion, there were no statistically significant 
difference in terms of immediate and 1-year post-operative 
Cobb’s angle or change in Cobb’s angle between the 
immediate and 1-year post-operative Cobb’s angles (Table 2).
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These fundings were consistent when comparing patients 
who underwent SPSF with those undergoing LSPSF without 
fusion. Among patients undergoing LSPSF, there were no 
differences associated with fusion. These results question the 
equiveillance of SSPSF to LSPSF as reported in some studies 
and mandates further research towards the choice of surgical 
technique in unstable burst fractures.

Several studies focusing on the outcome of short 
segment instrumentation compared with long segment 
instrumentation were done with variable and conflicting 
results [12-17]. Our findings were consistent with the results 
of Waqar, et al. who concluded that long segment fixation had 
better radiographic Cobb’s angle post operatively compared 
to short segment fixation but they found no statistical 
significance difference (p = 0.068) [17]. Similarly, Sapakas, et 
al. found a statistical significant difference when comparing 
SSPSF to LSPSF in terms of follow up Cobb’s angle with 
favourable measures found in LSPSF group [16]. Panteliadis, 
et al. compared three modalities for posterior spinal fixation 
in thoracolumbar burst fractures (1 level above and 1 level 
below, 2 above and 1 below, and 2 above and 2 below the 
fracture) and found that better correction maintained in the 
2 above and 2 below group compared to the others but with 
no statistically significant difference [20].

The high loss of correction in the SSPSF group over the 
1-year followup was consistent with fiundings of Gelb, et 
al. who conluded that the the average loss of correction 
following short segment fixation was similar at 7.5 degrees 
and advocated for fracture level instrumentation for better 
correction [12]. However, in a meta-analysis of studies, Aly 
found no statistically significant differences when short 
segment fixation compared with long segment fixation 
regarding the post-operative Cobb’s angle but advocated for 
more randomised controlled trials on the topic [14]. Basaran, 
et al. also found short segment fixation is suffecient to stabilize 
spinal fractures with the fractured vertebra included in the 
fixation [15]. Similarly, Dobran, et al. found no statistically 
significant difference when he compared short segment with 
fracture level included with long segment fixation sparing the 
fracture site in term of correction loss, but the average loss of 
correction was considerably higher than reported in our study 
[21]. Su, et al. found that the highest stress concentration was 
in the posterior third of the vertebral body just anterior to 
spinal canal in flexion and extension in the thoracolumbar 
area [22].

Included patients in this study were all type AO type A3, or 
A4 and could explain the high sagittal Cobb’s angle with SSPSF 
compared LSPSF, with SSPSF being not sufficient enough to 
maintain the sagittal alignment. Some studies highlighted 
the importance of augmenting the fractured vertebra with 
polymethyl methacrylate (PMMA) in adjunct with short 
segment fixation which resulted in good outcomes in terms 
of anterior vertebral body height and maintaining of kyphotic 
angle [23,24]. The previously mentioned studies’ data that 
compared SSPSF to LSPSF were heterogenous with some of 
the cases had less degree of vertebral body involvement as 
in anterior wedge fracture or distraction injuries compared 
to burst injuries [12,14,17]. Kallemeier, et al. studied range of 
motion of simulated unstable burst fracture on spine models 

and found that posterior spinal fixation alone resulted in less 
range of motion in flexion compared to an intact spine with 
statistically significant difference (p < 0.05), contrary to what 
was found when they compared anterior corpectomy and 
strut grafting alone to normal spine models (p = 0.1). They also 
found that increased ROM was correlated with greater fracture 
comminution for posterior-only fixation (p < 0.05) [25]. This 
could explain the importance of vertebral body degree of 
involvement regarding the stability of posterior spinal fixation 
and explain the reason why we found that LSPSF had more 
favorable radiographic parameters than SSPSF.

Mina, et al. found that the stiffest construct found in their 
models where they simulated unstable burst fractures was 
LSPSF and it provided well distributed stress to the implant 
while lowering the intervertebral disc stress at the fixed 
segment [26]. In our study, cases who underwent fusion were 
all within LSPSF group only, and when they were compared to 
the LSPSF cases that did not undergo fusion, there were no 
statistically significant difference as found in multiple studies 
[9,27-29]. We believe that LSPSF in AO type A3 or A4 has 
better radiographic outcome compared to SSPF due to the 
highly compromised vertebral body injury making SSPSF not 
reliable in maintaining sagittal Cobb’s angle on standing films.

There are several limitations in the study being the 
retrospective design, lack of detailed documentation 
resulting in exclusion of patients, and loss of follow up found 
in some cases that caused the relatively small sample size. 
Future studies should focus on larger sample size, and with 
SSPSF continuing to be sued, there appears equipoise for 
randomization to generate a higher level of evidence towards 
the best operative technique for TL vertebral fractures.

Conclusion
In this cohort study of surgically managed TL vertebral 

fractures, LSPSF appeared superior to SSPSF in terms of 
maintaining Cobb’s angle at 1-year post-operatively. This 
difference persisted when patients who underwent fusion 
were excluded. Future studies should be aimed to evaluate 
the radiographic and clinical outcomes following fixations 
modalities with extended follow up.
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