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abstract
Choice of long or short segment fixation for thoracolumbar fractures, benefits of either of these techniques has 
been a topic for analysis and assessment. Kyphotic angles in twenty patients diagnosed to have thoracolumbar 
vertebral fractures between December 2019 to December 2020 in Bapuji hospital and Chigateri general hospital, 
Davanagere, Karnataka, India were measured pre operatively, post operatively and at one year follow up and 
assessed. No statistical difference between the degrees of correction of initial kyphotic angle between long 
segment fixation and short segment posterior fixation in our study was found (p<0.6). Method of fixation of the 
thoracolumbar vertebral fracture did not correlate with initial degree of kyphosis (p=0.4). Amount of correction 
loss at one year follow up was found to be statistically significant in short segment fixation (p<0.05). Loss of 
kyphotic angle at one year follow up was higher in case of short segment fixation than long segment fixation 
and found to be statistically significant (p<0.005). Our study showed that long segment fixation helps in better 
correction of the kyphosis angle with lesser chance of loss of correction and can be opted when pedicles aren’t 
intact at the fracture level, as in cases of burst fractures. Short segment fixation provides better rigid fixation 
at the site of fracture with increased range of motion at the thoracolumbar segment and can be treatment of 
choice when the pedicles at the fractured level are intact, as in cases of compression fractures, having benefits 
of shorter duration of surgery and reduced risks.
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introduction
The second most commonly involved spinal segment 
injuries after cervical segment is the thoracolumbar 
spinal segment, about 30 to 60% of all spinal 
injuries. 60% of thoracolumbar injuries in trauma 
are concentrated between T12 and L2 vertebrae [1]. 
This motion segment connects the relatively rigid, 
kyphotic thoracic spine which is stabilized by the rib 
cage to the more mobile lordotic lumbar vertebrae. 
Substantial biomechanical stress during traumatic 
incidents between this transitional zone having 
differential mobility makes it susceptible to fracture. 
Many authors advised non operative treatment for 
the fracture of thoracolumbar vertebral fractures 
but later report emphasized the advantage of 
open reduction internal fixation with posterior 
instrumentation [2, 3]. Surgical options include 
an anterior approach, a posterior approach, or a 
combined antero-posterior approach. Each surgical 
option has unique advantages and disadvantages. 
Generally, the best approaches used are the anterior 
approach used at the level of thoracolumbar junction. 
Low lumbar injuries can be treated by posterior 
approach usually resulting in spinal cord injuries. 
Antero-posterior surgeries typically are reserved 
for highly unstable fracture subluxations [4]. As 
most orthopedic and spinal surgeons are more 
experienced in posterior approach and at the same 
time this approach and involves less operative time 
and less blood loss is considered be a safer approach 
[5].

Roy-Camille et al [6] introduced pedicle screws for 
treat ment of thoracolumbar fractures in 1963. Dick 
et al [7] further developed this technique in 1985. 
One of the most fundamental considerations is 
whether to instrument only the anterior column, the 
posterior column, or both. Once this decision is made, 
the surgeon must chose a construct for the posterior 
instrumentation, and this decision is made based on 
the level of the fracture, the pattern of comminution, 
extent of instability, neural status. Unstable thoracic 
compression and burst fractures will inevitably tend 
to collapse into further kyphosis, and should be 
instrumented with a long fixation construct capable 
of resisting these deforming forces [8]. Harrington 
rod and drummond wires can be used successfully, 
but contemporary fixation more commonly consists 
of segmental rod-hook or rod-screw constructs. In 
either case, the old rule of “three-above, two-below” 

may be followed, but evidence suggests that pedicle 
screw fixation will prove successful with shorter 
constructs. Initially, long segment pedicle screw 
fixation that involved at least two levels above and 
below the fractured vertebra was most frequently 
used surgical fixation method that promoted early 
ambulation and improving the kyphosis of the spine 
[9, 10]. Less rate of failure, yet significant increased 
vertebral immobility, dorsalgia and implant failure 
were detected in long segment fixation [11-14].

Raising concerns about reduced or loss of motion 
segments with long segment fixation, short segment 
fixation technique, which uses fixation of the 
fracture at level one above and one level below, were 
used [15-18]. Short segment pedicle screw fixation 
techniques were popularized since 1985 [7]. Short 
segment instrumentation limits the number of 
segments instrumented to the very minimum 
necessary to restore sagittal balance and stabilize 
the fracture. Pedicle screw fixation allows surgeons 
to stop their fixation constructs in the upper lumbar 
spine and avoid interference with mid- and lower 
lumbar motion segments. Short-segment posterior 
fixation including the fractured level (SSPI) rigidly 
fixes short segments of the thoracolumbar spine, 
providing sagittal, axial, and torsional stability 
superior to rod/hook constructs or sub laminar 
wiring [19, 20].

An et al, in a biomechanical study of L2 burst 
fractures, found that in short constructs, the 
fixation provided by pedicle screws is superior in 
all planes to that provided by hooks [21] obtaining 
purchase in all three vertebral columns through a 
single dorsal approach. No difference in stiffness 
of the construct between long segment and short-
segment pedicle screw constructs were noted. Short 
segment posterior instrumentation allows direct 
reduction of sagittal deformity and translation while 
immobilizing the shortest possible segment of the 
lumbar spine. Thoracolumbar and lumbar fractures 
are treated with pedicle screws placed immediately 
above and below the fractured segment. Ebelke et al 
found that transpedicular bone grafting, performed 
after manually elevating the fractured endplate 
and restoring vertebral height, eliminated pedicle 
screw failure in their series [22]. The short segment 
pedicle screw fixation was also found to have its own 
pitfalls such as inadequate stability of the spine, high 
chances or unacceptable rates of implant failure 
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along with kyphosis correction loss postoperatively 
[10, 23-27].

Based on personal experiences, few of the authors 
suggested that the pedicle screw placement at the 
level of the fractured vertebrae increased load 
sharing ability and stability of the construct [14, 
15] though it has still been indeterminate wheth er 
long segment fixation is more effective and prefera-
ble than short segment fixation. It is p u r p o s e  of 
this study to compare between the long segment and 
short segment posterior fixation of lumbar vertebral 
fracture with pedicle screws in terms of correction of 
deformity, extent to which they maintain correction 
and postoperative loss of correction between them.

Methodology
The study was conducted in twenty patients in 
Bapuji medical college and Chigateri general 
hospital, Davanagere, Karnataka between December 
2019 to December 2020. Patients who presented to 
outpatient department and casualty with history of 
trauma were clinically examined, diagnosed with 
fractures in thoracolumbar region of the spine with 
help of X-ray and CT scan.

Inclusion criteria: (a) Patients aged >20 and < 
50years, (b) Single level traumatic AO type A T11-L2 
vertebral fractures.

Exclusion criteria: (a) Multiple level thoracolumbar 
vertebral fractures, (b) AO type A0 Thoracolumbar 
vertebral fractures, (c) Patients with severe 
comorbidity and unfit for general anesthesia, (d) 
Reverse transcription-polymerase chain reaction 
(RTPCR) positive patients for coronavirus disease 
2019 (COVID-19).

Assessment of pedicle intactness, direction of the 
screw and also screw sizes before the procedure were 
done based on which twelve patients underwent 
long segment fixation using pedicle screws at 
2 levels above and 2 levels below the fractured 
vertebrae. Eight patients underwent short segment 
fixation posterior fixation based on the X-ray and 
computerized tomography (CT) scan after assessing 
the intactness of the pedicle of the fractured vertebrae 
and ability to place pedicle screw bilaterally at the 
fractured vertebrae safely. Kyphotic angle of the spine 
was measured using Cobb’s method. X-rays were 
also taken immediate post operatively and at time 

of one year post-operative follow up and assessment 
of preoperative, immediate postoperative and one 
year postoperative kyphotic angles; preoperative, 
immediate postoperative and one year postoperative 
kyphotic angle changes were done and statistically 
analyzed using SPSS version 19.

Results
Total of 20 patients were included in the study. Mean 
age group of study was 29.8 years (21-41). Maximum 
of 7 patients (35%) belonged to age group between 
25-29 followed by 6 patients (30%) between 30-34; 
3 patients (15%) between 20-24 and 35-39 each. 
Only one patient (5%) belonged to age group 40-44. 
Male to female ratio was found to be 13:7 (Table 1).

table 1: Age and sex wise distribution of patients in the 
study.

Age (Years) Male Female

20-24 2 1

25-29 5 2

30-34 4 2

35-39 1 2

40-44 1 0

Single level thoracolumbar vertebral fractures were 
considered for study and highest of 9 patients (45%) 
had AO type A2 thoracolumbar vertebral fracture. 7 
patients (35%) had AO type A3 fractures, 2 patients 
(10%) had AO type A1 and A4 thoracolumbar 
vertebral fractures each. Long segment fixation was 
done in 7 patients with AO type A3 fracture, followed 
by 2 patients with type A4 fracture, 2 patients with 
AO type A2 and one patient with AO type A1 fracture. 
Short segment fixation was done in 7 patients with 
AO type A2 fracture and 1 patient with AO type 
A1 fracture. Total of 8 male patients and 4 female 
patients underwent long segment fixation; 5 male 
and 3 female patients underwent Short segment 
posterior fixation (Table 2).

The mean preoperative kyphotic angle of patients 
was found to be 22.85° and ranged from 18-30°. 
The mean preoperative kyphotic angle of patients 
who underwent long segment fixation was 23.58° 
(18-30°) and 21.75° (18-38°) in patients who were 
operated with short segment fixation. Immediate 
post-operative X–rays showed reduction of kyphotic 
angle in patients who underwent long segment 
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table 2: Type of thoracolumbar fractures in the study with method of fixation done in each patient.

 Method of fixation

AO type of Thoracolumbar vertebral fracture

A1 A2 A3 A4

Male Female Male Female Male Female Male Female

Long segment 0 1 1 1 6 1 1 1

Short segment 1 0 4 3 0 0 0 0

posterior fixation to a mean of 6.16° (4-9°) and 
to 6.75° (5-8°) in patients who underwent short 
segment posterior fixation. X-rays of implant in situ 
and immediate post-operative kyphotic angle of 
two patients, each who underwent long and short 
posterior fixation respectively shown (Figure 1).

Figure 1a,b: Immediate post-operative X-ray of two 
patients who underwent long segment fixation and short 
segment fixation using posterior approach with pedicle 
screws. (a) L2 compression fracture (Long segment 
fixation), kyphotic angle: 7°; (b) L1 transverse fracture 
(Short segment fixation), kyphotic angle: 8°.

One year post-operative X-ray was taken and mean 
kyphotic angle was 8.41° (6-11°) in patient who 
underwent long segment posterior fixation whereas 
in those who underwent short segment fixation 
was found to be 9.25° (6-12°). The mean degrees 

of correction of kyphotic angle in immediate post-
operative x-rays in patients who underwent long 
segment fixation was 17.41° (13-24°) and 15° 
(12-21°) via short segment. X-rays of implant in 
situ and one year post-operative kyphotic angle of 
two patients, each who underwent long and short 
posterior fixation respectively shown (Figure 2).

Figure 2a,b: One year post-operative follow up X-ray of 
same two patients who underwent long segment fixation 
and short segment fixation using posterior approach 
with pedicle screws. (a) L2 compression fracture (Long 
segment fixation), kyphotic angle: 8°; (b) L1 Transverse 
fracture (Short segment fixation), kyphotic angle: 11°.

Mean total loss of corrected kyphotic angle was 2.25° 
(1-4°) in patients who underwent long segment 
fixation and 2.5° (1-7°) in patient who underwent 
short segment fixation (Table 3).

table 3: Kyphotic angle parameters for both long segment fixation and short segment fixation using posterior approach with 
pedicle screws.

Parameters Long segment Short segment

Pre-operative kyphotic angle 18-30°(Mean=23.58°) 18-28°(Mean=21.75°)

Immediate post-operative kyphotic angle 4-9°(Mean=6.16°) 5-8°(Mean=6.75°)

Post-operative kyphotic angle at one year follow up 6-11°(Mean=8.41°) 6-12°(Mean=9.25°)

Immediate post-operative kyphotic angle change 13-24°(Mean=17.41°) 12-21°(Mean=15°)

Post-operative kyphotic angle change at one year follow up 11-21°(Mean=15.16°) 9-20°(Mean=12.5°)

Loss of correction of kyphotic angle 1-4°(mean=2.25°) 1-7°(mean=2.5°)

(a) (b)
(a) (b)
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Patients had no evidence of implant failure (construct 
bending, breakage, loosening or pullout). Calculation 
of percentage of initial kyphotic angle correction 
was done by the ratio of amount of correction in 
degrees to pre-operative kyphotic angle and was 
found to be more than 70% in 58.33% and less than 
70%in 41.44 % of patients who underwent long 
segment posterior fixation. And 66.66% in patient 
who underwent short segment posterior fixation it 
was found to be more than 70% in only 33.33% and 
less than 70%in 66.66 % (Table 4).

table 4: Percentage initial kyphosis correction in 
long segment fixation and short segment fixation 
using posterior approach with pedicle screws.

Fixation method
Kyphosis correction (%)

Total
≥70 <70

Long segment 58.33% (7) 41.66% (5) 12

Short segment 37.5% (3) 62.5% (5) 8

Total patients 10 10 20

Calculation of percentage of kyphotic angle correction 
loss was done by the ratio of amount of correction 
loss in degrees to initial kyphosis correction and 
mean correction loss was 13.06% in patients who 
underwent long segment posterior fixation and 
17.19% in patients who underwent short segment 
posterior fixation (Table 5).

table 5: Mean percentage kyphosis angle correction loss 
in long segment fixation and short segment fixation using 
posterior approach with pedicle screws.

Fixation method Mean kyphosis correction loss (%)

Long segment 13.06

Short segment 17.19

Discussion
The results obtained were analysed using SPSS 
software version 19. Power of the study was 78.8%. 
Mean age group of the patients in the study group was 
29.8 years. Changes in the pre-operative, immediate 
post-operative and one year follow kyphotic angle 
among different age groups did not show significant 
differences( p<0.4) Correction of kyphotic angles 
immediate post-operative and change or loss of 
kyphotic angle in one year follow up between males 
and female did not show significant correlation 
(p<0.5). This could be due to the younger age 

group involved in the study, with chances of better 
cortical integrity and bone healing as compared to 
older patients with higher rates of osteoporosis as 
well understood by the literature. A study made on 
prevalence of osteoporosis in patients requiring spine 
surgery found that only 0.3% among 562 patients 
younger than 50 years had spinal osteoporosis and 
concluded by strongly recommending evaluation 
for osteoporosis in patients over 50 years [28]. 
Majority of the patients had AO type A2 (45%) 
fractures followed by type A3 (35%). The changes 
in immediate post-operative and change or loss of 
kyphotic angle in one year follow up showed no 
significant differences among the different type of 
fractures (p<0.8). The mean degree of correction 
of the kyphotic angle immediate post operatively 
was found to be better in case of long segment 
fixation of lumbar vertebral fracture than that of 
short segment fixation. In a study, average kyphosis 
correction of 15° was obtained using short segment 
posterior fixation by Mahar et al [15]. No statistical 
difference between the degrees of correction of 
initial kyphotic angle between long segment fixation 
and short segment posterior fixation in our study 
found (p<0.6) suggesting excellent immediate post-
operative kyphotic angle correction in both these 
techniques. Similar result was found by Guven et al 
[14].

Method of fixation of the thoracolumbar vertebral 
fracture did not correlate with initial degree of 
kyphosis (p=0.4). Degree of correction loss at one 
year follow up was found to be statistically significant 
in short segment fixation (p<0.05). Our study 
showed that loss of kyphotic angle at one year follow 
up was statistically higher in case of short segment 
fixation than long segment fixation and found to be 
statistically significant (p<0.005). Similar result was 
obtained by several studies [29, 30]. Studies have 
shown that addition of pedicle screws at the level of 
the vertebral fracture to stiffen the construct by the 
splitting of the rod that extends from the top most 
screw to the lower most into two half lengthed parts. 
In short segment fixation, shorter rods between 
two points of fixation creates higher stiffness and 
stability but theoretically reduce the range of motion 
at bone-implant interface [31, 32].

Short segment fixation limits the number of segments 
of the vertebrae to be instrumented to minimum, 
improves and restores the sagittal balance, stabilizes 
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the fracture and avoids the motion segments of 
the lumbar vertebrae, i.e. mid and lower lumbar 
motion segments. One year post-operative follow 
up showed no significant differences functional 
outcomes in patients operated with long and short 
segment pedicle screw fixation in parameters such 
as pain, range of movements and neurological status 
or implant failure in radiography.

Decompression of the spinal canal, maintenance of 
the vertebral body height, alignment of the spine, 
restoration of the spinal canal, rigid fixation and early 
ambulation and prevention of further neurological 
injuries and to prevent progression of fixation 
kyphotic deformity is the goal of the posterior pedicle 
screw fixation, many studies have considered short 
segment pedicle screw fixation as standard method 
[7, 16, 26, 33-37] though no statistical difference in 
the stiffness of the construct between long segment 
fixation and short segment fixation constructs in a 
biomechanical study of L2 burst fractures was found 
in a study by Ann et al [21]. Mean percentage loss 
of kyphotic angle correction was higher in case of 
short segment fixation (17.19%) as when compared 
to (13.06%) patients who were operated with long 
segment fixation. This could be due to reduced initial 
correction of the kyphotic angle by short segment 
fixation. In our study, patients operated with 
neither long segment nor short segment fixation 
had any implant failure at one year post-operative 
follow up, although studies have showed chances of 
higher implant failure rate in short segment fixation 
methods [38].

This doesn’t suggest that there are no chances of 
implant failure in either of the fixation methods. 
Successive follow up of patient would provide 
further insight to implant failure between these two 
fixation methods.10° or more loss of kyphotic angle 
correction is suggested to be the criteria of failure 
of implant by several studies [16, 26, 27, 33] which 
suggests proper planning, pre-operative preparation 
and experience of the surgeon plays a major role 
in outcomes of these studies. Rigid fixation of the 
fracture was better possible in case of short segment 
fixation, though our study shows more than 58% of 
cases with more than 70% kyphotic angle correction 
compared to 33.3% in short segment fixation. In a 
study, Lee et al [39] declared that long segment pedicle 
instru mentation can reduce implant failure rate, 
although it sacrifices additional motion segments 

of the thoracolumbar vertebrae and eventually 
reduces range of motion of the thoracolumbar 
vertebrae [23, 40]. A study done in 2018 concluded 
that the short segment fixation can maintain angle 
of kyphosis similar to that of long segment fixation 
for single level thoracolumbar fractures [41]. When 
analyzed, 50% of the study group was found to 
have more than 70% and less than 70% kyphotic 
angle correction respectively. We do acknowledge 
that some limitations exist in our study. Firstly, the 
study group is of 20 patients which can lead to bias. 
Association of parameters such as bone marrow 
density, personal habits, other systemic disorders, 
patient compliance post operatively to doctor’s 
orders, self-medicating habits along with successive 
follow up and randomized control trials would give 
better insight and knowledge of the factual data in 
future.

Conclusion
The study concludes that long segment posterior 
fixation of thoracolumbar fracture shows better final 
outcome in the amount of correction of the kyphosis 
angle with lesser chance of loss of correction. The 
short segment fixation provides better rigid fixation 
at the site of fracture with increased range of motion 
at the thoracolumbar segment. Clinical outcomes 
bore no differences post operatively among patients 
operated with either of the technique. Short segment 
fixation can be chosen when the pedicles at the 
fractured level are intact, as in cases of compression 
fractures, owing to shorter duration of surgery and 
reduced risks and long segment fixation to be opted 
for better kyphotic angle correction, as in cases of 
burst fractures, where integrity of pedicles are lost. 
Randomised studies involving longer duration of 
follow ups would give a better insight to choose 
either long segment or short segment posterior 
fixation for thoracolumbar fractures using pedicle 
screws.
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