
47Egy Spine J   -   Volume 5   -   January 2013

C
om

p
a

ris
on

 o
f 

lo
ng

 s
eg

m
en

t 
fix

a
tio

n 
ve

rs
us

 s
ho

rt 
se

g
m

en
t f

ixa
tio

n 
w

ith
 p

ed
ic

le
 sc

re
w

s a
t t

he
 le

ve
l o

f t
he

 
fra

ct
ur

e 
in

 th
e 

m
an

ag
em

en
t o

f T
ho

ra
co

lu
m

ba
r f

ra
ct

ur
es Comparison of long segment fixation 

versus short segment fixation with 
pedicle screws at the level of the 
fracture in the management of 

Thoracolumbar fractures
Amr El-Shehaby, MD, Khaled Saoud, MD, Ahmed Elayouty, MD.
Department of Neurosurgery, Ain Shams University, Cairo, Egypt.

Abstract
Background Data: long segment fixation have been frequently used for management 
of thoracolumber burst fractures of the spine. Concerns about lost motion segment 
with this type of fixation made the suggestion for a shorter fixation method.
Purpose: To assess ability of short segment pedicle screw fixation to correct deformity, 
maintain correction and prevent failure in comparison to the traditional long segment 
fixation.
Study Design: A comparative clinical case study.
Patients and Methods: A total of 46 patients presented with thoracolumbar burst 
fractures between 2008 and 2012. All cases were operated with posterior fixation 
and instrumentation. We classified patients into 2 groups, Group A were operated 
with long segment pedicle screw fixation, and Group B operated with short segment 
pedicle screw fixation including the fractured level. Fusion was done in all cases using 
spinous process and laminectomy bone.
Results: The study included 5 (10.9%) females and 41 (89.1%) males. Their age ranged 
from 24 to 64 years (mean 40 years). Group A (Long segment fixation) included 28 
(60.9%) patients and group B (Short segment fixation) included 18 (39.1%) patients. 
No statistical significance was found between the choice of fixation method and the 
following parameters: preoperative kyphotic angle, postoperative kyphotic angle 
(immediate), postoperative kyphotic angle (last follow up), postoperative angle 
change (immediate) and postoperative angle change (last follow up). We assessed 
the amount of correction loss in relation to the initial degree of kyphosis correction. 
A statistically significant relationship could be found between the amount of initial 
kyphosis correction and amount of correction loss. It has been reported that a greater 
amount of initial kyphosis angle correction was associated with a lesser amount of 
correction loss. The implant failure rate was recognized in 5 patients (10.9%). Four of 
these cases were of the short segment category and one of the long segment category.
Conclusion: Short segment fixation using pedicle screw at the level of fracture, in 
the thoracolumbar burst fractures; provides comparable correction to long segment 
fixation. Correction loss can be minimized by proper selection of cases suitable for 
short segment fixation. Short segment fixation should be reserved to cases with mild 
to moderate degrees of initial kyphosis. (2013ESJ041)
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Introduction
Thoracolumbar burst fractures are among the 

common injuries resulting from fall from height 
and motor vehicle accident. Posterior spinal 
instrumentation is commonly used for surgical 
treatment of these fractures.21 Traditionally, long 
segment pedicle screw fixation (at least two levels 
above and below the fractured vertebra) was the 
most frequently used method, promoting early 
ambulation and improving kyphosis.1 With concerns 
raised about the loss of motion segments with long 
segment fixation, it was gradually replaced with 
short segment fixation (one level above and below 
the fractured vertebra).15,2,18,19,20 However, many 
authors6,13,17 reported high early implant failure 
rates as well as correction loss with this fixation 
method. It was suggested by some authors15,12 that 
pedicle screw placement at the fractured level would 
increase load sharing ability and thus stability of the 
construct.

The purpose of this study was to assess ability 
of short segment fixation with pedicle screw at 
the fractured level to correct deformity, maintain 
correction and prevent failure in comparison to the 
traditional long segment fixation.

Patients and Methods
Between 2008 and 2012, 80 patients with the 

diagnosis of thoracolumbar burst fractures were 
operated. Forty six of these had no neurological 
deficit and were included in our study. The inclusion 
criteria were single level fractures between T10 and 
L3, kyphotic deformity exceeding 15 degrees, spinal 
canal compromise of 50% or more, and loss of 50% 
of anterior body height. We excluded from the study 
patients who were conservatively treated, those with 
multiple levels fractures and those with neurological 
deficits. All cases were operated with posterior 
pedicle screw fixation. We classified patients into 2 
groups, Group A were operated with long segment 
fixation of at least 2 levels above and 2 levels below 
the fractured vertebra, and Group B operated with 
short segment fixation with placement of pedicle 
screws in the fractured level and one level above and 
below the fractured level (Figure 1).

Patients were selected for short segment whenever 
we were able to place safely a screw in the fractured 
vertebrae bilaterally. Patients with kyphotic angles 
greater than 25% were fixed with long segment 

fixation. All cases had preoperative X-rays and CT 
scans to assess the pedicle intactness and direction 
and also to plan screw sizes. The kyphotic angle was 
also measured on x-rays by using Cobb’s method. MRI 
was done in all patients to assess spinal cord injuries 
and other soft tissue injuries and hematomas. We 
performed laminectomy at the level of fracture in 
all cases. Fusion was done in all cases using spinous 
process and laminectomy bone. Patients had X-rays 
in the first postoperative day to assess proper screw 
placement and kyphotic angle reduction, after one, 
three, six months and one year.

Results
The study included 5 (10.9%) females and 41 

(89.1%) males. Their age ranged from 24 to 64 years 
(mean 40 years). Group A (Long segment fixation) 
included 28 (60.9%) patients and group B (Short 
segment fixation) included 18 (39.1%) patients.
Kyphotic angle:
The preoperative kyphotic angle was 15-35° 
(Mean=21.5°) and reduced to 4-9° (Mean=5.7°) as 
seen on the immediate postoperative images. The 
calculated immediate postoperative angle change 
was 7-30° (Mean=15.8°). At the last follow up (after 
one year) the kyphotic angle ranged between 5 
and 12° (Mean=8°). The angle change at last follow 
up was 1-29° (Mean=13.3°). The degree of loss of 
correction was calculated by subtracting the kyphotic 
angle at the last follow up from the immediate 
postoperative kyphotic angle, and this ranged from 
0 to 9° (Mean=2.5°). In only two cases, there was no 
loss of correction and in both long segment fixation 
was used. A summary of the pre- and postoperative 
measurements for both fixation methods is shown 
in table 1.

A univariate and multivariate analysis was done, 
on the effect of the choice of fixation method on 
the following parameters: preoperative kyphotic 
angle, postoperative kyphotic angle (immediate), 
postoperative kyphotic angle (last follow up), 
postoperative angle change (immediate) and 
postoperative angle change (last follow up). No 
statistical significance was found.

We calculated the amount of initial kyphosis 
correction as follows: Percentage of kyphosis 
correction=amount of correction (degrees)/initial 
kyphosis anglex100. We decided that the assessment 
of the amount of correction loss in relation to the 
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initial degree of kyphosis correction would be more 
informative. So we calculated the percentage of 
correction loss from the initial kyphosis angle as 
follows: Percentage of correction loss=correction 
loss (degrees)/initial kyphosis correctionx100. In the 
majority of cases in which long segment fixation was 
used, the amount of kyphosis correction exceeded 
70%. However, the method of fixation did not 
correlate significantly with the amount of kyphosis 
correction (P=0.2) (Table 2).

On the other hand, a statistically significant 
correlation could be found between the method of 
fixation and amount of correction loss on the last 
follow up (P=0.008) as shown in Figure 2. Greater 
amount of correction loss was more prone to occur 
with short segment fixation. However, the correction 
loss did not exceed 7° in the short segment fixation 
group. A statistically significant relationship could 
be found between the amount of initial kyphosis 
correction and amount of correction loss (P<0.0001). 
It was concluded that a greater amount of initial 
kyphosis angle correction was associated with a 
lesser amount of correction loss (Figure 3).

A univariate and multivariate analysis of the other 

factors affecting amount of initial kyphosis angle 
correction and amount of correction loss but no 
statistical significance was found.
Implant failure:
Implant failure was defined as construct bending, 
breakage, loosening or pullout. This was recognized 
in 5 patients (10.9%). Four of these had short segment 
fixation and one had long segment fixation. In three 
of the patients failure occurred after bony fusion with 
no clinical consequence. The fourth patient was a 
manual worker who had a fractured rod. The patient 
had gained 20 kg of weight during 3 months, which 
added stress to the system, and was reoperated with 
long segment fixation and weight reduction. The fifth 
patient suffered a fall from height one month after 
surgery resulting in broken rods, and was reoperated 
with long segment fixation (Table 3).Among the 
three cases in whom fusion had occurred one had 
long segment fixation and had 90% correction loss 
but with no clinical consequence so the implant 
was removed without any other interference. The 
other two cases had short segment fixation and the 
correction loss did not exceed 50% (max. loss was 7°) 
so only implant removal was performed.

Figure 1. A: Plain radiograph lateral view and B: 
CT-scan sagittal reformat comparing the screw 
placement in long segment versus short segment 
fixation in our study.

Figure 2. Correlation between the fixation method 
and amount of correction loss at last follow up.

Figure 3. Correlation between amount of initial 
kyphotic angle correction and amount of correction 
loss at last follow up.

A B
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Discussion
Short segment fixation limits the number of 

segments instrumented to the very minimum necessary 
to restore sagittal balance, stabilize the fracture and 
avoid interference with mid- and lower lumbar 
motion segments. An et al,4 in a biomechanical study 
of L2 burst fractures, found no difference in construct 
stiffness between long pedicle screw constructs (two-
above, two-below) and short-segment pedicle screw 
constructs.

Adding pedicle screws at the fractured vertebrae may 
theoretically stiffen the construct by splitting the length 
of the rod that spans from the upper screw to the lower 
screw into 2 half-length parts. A shorter rod between 
two points of fixation will create higher stiffness and 
the additional fixation point can theoretically decrease 
motion at the metal-bone interface.5,9

Guven et al,12 found that correction and maintenance 
of the fracture was the best in long-segment fixation 
with fracture level screw combination. Fracture level 
fixation was most practical on short-segment fixation. 
Fixation level was increased while using fracture level 
screws in short-segment fixation, which lowered the 

loading force on each screw.
`Mahar et al,15 concluded that an average of 15° of 

kyphosis correction could be obtained using limited 
posterior segmental fixation. This is likely better than 
traditional, non segmental pedicle screw fixation. This 
compared to our study in which the average amount 
of correction for short segment fixation was 14.2°. 
However, the amount of correction was slightly higher 
with long segment fixation (16.9°) but no statistical 
significance was found, which is similar to the findings 
of Guven et al,12 who found no statistically significant 
difference regarding correction between long segment 
fixation and short segment fixation with pedicle screw 
at the fractured level. But still more than 70% of cases 
of long segment fixation had more than 70% kyphosis 
correction. On the other hand, short segment fixation 
and poor initial postoperative kyphosis correction were 
both significantly associated with correction loss. Our 
explanation may be that the insufficient initial kyphosis 
correction, which was more common among the short 
segment group, resulted in greater chance of correction 
loss. The greater residual kyphotic deformity provides 
higher anterior vertebral stress on pedicle screws. Thus, 
the overloading force on the instrument loosens the 

Parameters Long Segment Short Segment
PreOp kyphotic angle 15-35° (Mean=22.4°) 15-28° (Mean=20°)

PostOp kyphotic angle (Immediate) 4-9° (Mean=5.5°) 5-7° (Mean=5.8°)
PostOp kyphotic angle (Last F-Up) 5-12° (Mean=7.7°) 7-12° (Mean=8.4°)
PostOp angle change (Immediate) 7-30° (Mean=16.9°) 9-22° (Mean=14.2°)
PostOp angle change (Last F-Up) 1-29° (Mean=14.5°) 6-19° (Mean=11.6°)

Loss of Correction 0-9° (2.4°) 1-7° (2.6°)

Fixation Method
Kyphosis Correction (%)

Total
≥70 <70

Short Segment 10 (56%) 8 (44%) 18
Long Segment 20 (71%) 8 (29%) 28

Total 30 16 46

Patient 
No. Fixation Type Failure Type Reported fusion 

at failure time
Possible Failure 

Causes

1 Short segment Caps loosening, 
rod slippage Yes Non-dynamic system

4 Short segment Screw breakage Yes Non-dynamic system
11 Long segment Screw pullout Yes Non-dynamic system
22 Short segment Rod breakage No Rapid weight gain
23 Short segment Rod breakage No Fall from height

Table 1. Pre- and 
Postoperative 
Radiographic 
Parameters for Both 
Fixation Methods.

Table 2. Correlation 
Between Fixation 
Method and Amount 
of Kyphosis Correction.

Table 3. Reported 
Implant Failure in 
this Study.
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screw, causing it to break, dislodge, and disconnect 
which are mostly seen in short-segment fixation.6,7,17,18,19 
This may lead us to deduce that in cases in which there 
is a large kyphosis angle or in which short segment 
fixation cannot produce sufficient kyphosis correction, 
long segment fixation should be resorted to, may 
with the inclusion of fractured level as Guven et al, 12 
suggested.

Other studies8,10,11,14 have reported Implant failure 
rate ranges from 2.5% to 19%. In the current study 
only two cases required revision of the screws due to 
extraordinary circumstances mentioned above. In the 
other three cases failure, bony fusion had occurred by 
the time of implant failure, the amount of correction 
loss did not exceed 50% in the short segment fixation 
group and in the only case of long segment fixation 
in whom correction loss exceeded 50%, the patient 
was symptom-free, so no further intervention beyond 
screw removal was done. Several studies2,3,13,16,17 have 
considered 10° or more correction loss or implant failure 
as criteria of failure, reporting a rate of failure to be 
40-45%. Taking these reports into consideration would 
make the failure rate in this study quite acceptable.

Conclusion
Short segment fixation using pedicle screw at the 

level of fracture, in the thoracolumbar burst fractures; 
provides comparable correction to long segment 
fixation. Correction loss can be minimized by proper 
selection of cases suitable for short segment fixation. 
That is cases with mild to moderate degrees of initial 
kyphosis. Also in cases in which the amount of kyphosis 
correction is insufficient with short segment fixation, 
the fixation should be extended including the pedicle 
of the fractured level to minimize the residual kyphosis.
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مقارنة معالجة كس�ور العمود الفقري الصدرية القطنية بالتثبيت المتعدد المس�تويات القطعة الطويلة مقارنة 
بالتثبيت للقطعة القصيرة

البيان�ات الأساس�ية: التثبي�ت طوي�ل القطع�ة لكس�ور العم�ود الفق�ري للوصل�ة الصدري�ة القطني�ة تس�تخدم كوس�يلة 
مس�تحبة له�ذا الن�وع م�ن الكس�ور. المأخ�ذ الرئي�س له�ذا الن�وع م�ن الجراح�ات ه�و افق�اد المري�ض لج�زء متح�رك م�ن العم�ود 

الفق�ري.
الهدف من الدراسة: بيان قدرة التثبيت قصير القطعة مع وضع مثبتات في الفقرات المكسورة على احداث نتائج متساوية 

مع التثبيت طويل القطعة لكسور الوصلة الصدرية القطنية.
تصمي�م الدراس�ة: دراس�ة مس�تقبلية لع�دد 46 مري�ض تم علاجه�م علاج جراح�ي لكس�ور الوصل�ة الصدري�ة القطني�ة 

بالعم�ود الفق�ري في الفترة بين ع�ام 2008 و2012.
المرض�ى وطريق�ة البح�ث: تم اج�راء جراح�ات خلفي�ة ل�كل الحالات.تم تقس�يم الح�الات الى مجموعتين. الاولى للتثبيت 

طوي�ل القطع�ة والثاني�ة للتثبي�ت قصري القطعة م�ع وضع مثبتات في الفقرات المكس�ورة.
النتائ�ج: الدراس�ة اش�تملت عل�ى 41 ذك�ر بنس�بة 89.1 % و5 ان�اث بنس�بة 10.9 %. تراوح�ت الاعم�ار بين 24 و64 س�نة عند اجراء 
الجراح�ة بمتوس�ط 40 س�نة. المجموع�ة الاولى اش�تملت عل�ى 28 مري�ض )60.9%( والثاني�ة على 18 مري�ض )39.1%(. لم يوجد 
تمي�ز بيان�ي بين نوع�ي التثبي�ت والعوام�ل التالي�ة: درج�ة انحن�اء العود الفق�ري قبل وبعد اج�راء الجراحة مباش�رة ودرجة 
الانحن�اء في اخ�ر متابع�ة للمرض�ى ودرج�ات اس�تعدال العم�ود الفق�ري. قمنا في الدراس�ة بقياس درجات فقدان الاس�تعدال 
ووجدن�ا ارتب�اط بيان�ي بين درج�ة الاس�تعدال الاولى وفق�دان الاس�تعدال في النوعين. توصلن�ا الى ان�ه كلم�ا زادت درج�ة 
الاس�تعدال الاول�ي في الجراح�ة كلم�ا ق�ل فق�دان ه�ذا الاس�تعدال عن�د المتابع�ة الدوري�ة. ح�دث انهي�ار لانظم�ة التثبيت في 

خمس�ة ح�الات )10.9 %( . اربع�ة منه�ا للتثبي�ت قصري القطعة بنس�بة %80.
الاس�تنتاجات: التثبي�ت قصري القطع�ة للعم�ود الفق�ري م�ع وضع مثبتات في الفقرات المكس�ورة قد ي�ؤدي لنتائج مضاهية 
لنتائج التثبيت طويل القطعة في حالات مختارة من كس�ور الوصلة الصدرية القطنية للعمود الفقري. التثبيت قصير 

القطعة يفضل في الدرجات البس�يطة والمتوس�طة من انحناءات العمود الفقري مع هذا النوع من الكس�ور.
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