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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.?! 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.! 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).'>%81920 However, many
authors®'*17 reported high early implant failure
rates as well as correction loss with this fixation
method. It was suggested by some authors>*? 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
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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
0to 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

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.
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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.
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Figure 2. Correlation between the fixation method
and amount of correction loss at last follow up.
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Figure 3. Correlation between amount of initial
kyphotic angle correction and amount of correction
loss at last follow up.
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Table 1. Prg- and Parameters Long Segment Short Segment
Postoperative 3 . . ; .
Radiographic PreOp kyphotic angle 15-35° (Mean=22.4°) | 15-28° (Mean=20°)
Parameters for Both PostOp kyphotic angle (Immediate) 4-9° (Mean=5.5°) 5-7° (Mean=5.8")
Fixation Methods. 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°)
Table 2. Correlation . . Kyphosis Correction (%)
Between Fixation Fixation Method = <70 Total
Method and Amount Short Segment 10 (56%) 8 (44%) 18
of Kyphosis Correction.
Long Segment 20 (71%) 8 (29%) 28
Total 30 16 46
Table 3. Reported Patient | L. . tvoe | Failure Type | REPOrtedfusion | Possible Failure
Implant Failure in No. yp yp at failure time Causes
this Study. ;
1 Short segment Capslogsenmg, Yes Non-dynamic system
rod slippage
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

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,* 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.>®

Guven et al,*? 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
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loading force on each screw.

‘Mahar et al,** 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,*> 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
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screw, causing it to break, dislodge, and disconnect
which are mostly seen in short-segment fixation.5771819
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, 1?
suggested.

Other studies®%'4 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 studies**'*'%” 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.

References

1. Aebi M, Etter C, Kehl T, Thalgott J: Stabilization
of the lower thoracic and lumbar spine with the
internal spinal skeletal fixation system. Indications,
techniques, and first results of treatment. Spine
12(6):544-51, 1987

2. AhmetA, Emre A, Muharrem Y, Ali O, Adil S: Short-
Segment Pedicle Instrumentationof Thoracolumbar
Burst Fractures Does Transpedicularintracorporeal
Grafting Prevent Early Failure? Spine (26):213-217,
2001

3. Alvine GF, Swain JM, Asher MA, Burton DC:
Treatment of thoracolumbar burst fractures with

Egy SpineJ - Volume5 - January 2013

10.

11.

12.

13.

14.

variable screw placement or Isola instrumentation
and arthrodesis: case series and literature review.
J Spinal Disord Tech 17(4):251-64, 2004

An HS, Singh K, Vaccaro AR, Wang G, Yoshida H, Eck
J, McGrady L, Lim TH: Biomechanical evaluation
of contemporary posterior spinal internal fixation
configurations in an unstable burst-fracture
calf spine model: special references of hook
configurations and pedicle screws. Spine 29(3):257-
62,2004

Anekstein Y, Brosh T, Mirovsky Y: Intermediate
screws in short segment pedicular fixation for
thoracic and lumbar fractures: a biomechanical
study. J Spinal Disord Tech 20(1):72-7, 2007

Cho DY, Lee WY, Sheu PC: Treatment of
thoracolumbar burst fractures with polymethyl
methacrylate vertebroplasty and short-segment
pedicle screw fixation. Neurosurgery 53(6):1354-
60, 2003

Dai LY, Jiang SD, Wang XY, Jiang LS: A review of the
management of thoracolumbar burst fractures.
Surg Neurol 67(3):221-31, 2007

Daniaux H, Seykora P, Genelin A, Lang T, Kathrein A:
Application of posterior plating and modifications
in thoracolumbar spine injuries. Indication,
techniques, and results. Spine (16):125-33, 1991
Dick JC, Jones MP, Zdeblick TA, Kunz DN, Horton
WC: A biomechanical comparison evaluating the
use of intermediate screws and cross-linkage in
lumbar pedicle fixation. J Spinal Disord (5):402-7,
1994

Ebelke DK, Asher MA, Neff JR, Kraker DP:
Survivorship analysis of VSP spine instrumentation
in the treatment of thoracolumbar and lumbar
burst fractures. Spine 16(8 Suppl):428-32, 1994
1-Esses Sl, Botsford DJ, Wright T, Bednar D, Bailey
S: Operative treatment of spinal fractures with the
AO internal fixator. Spine 16(3 Suppl):146-50, 1991
Guven O, Kocaoglu B, Bezer M, Aydin N,
Nalbantoglu U: The use of screw at the fracture
level in the treatment of thoracolumbar burst
fractures. J Spinal Disord Tech 22(6): 417-21, 2009
Kramer DL, Rodgers WB, Mansfield FL:
Transpedicular instrumentation and short-segment
fusion of thoracolumbar fractures: a prospective
study using a single instrumentation system. J
Orthop Trauma 9(6):499-506, 1995

Lindsey RW, Dick W: The fixateur interne in the
reduction and stabilization of thoracolumbar spine

51



fractures in patients with neurologic deficit. Spine monosegmental fusion. Eur Spine ) 8(4):284-9,1999

16(3 Suppl):5140-5, 1991 19. Parker JW, Lane JR, Karaikovic EE, Gaines RW:
15. Mahar A, Kim C, Wedemeyer M, Mitsunaga L, Successful short-segment instrumentation and
Odell T, Johnson B, Garfin S: Short-segment fixation fusion for thoracolumbar spine fractures: a
of lumbar burst fractures using pedicle fixation at consecutive 41/2-year series. Spine 25(9):1157-70,
the level of the fracture. Spine 32(14):1503-7, 2007 2000
16. Mclain RF, Sparling E, Benson DR: Early failure 20. Tezeren, G, Kuru |: Posterior fixation of
of short-segment pedicle instrumentation for thoracolumbar burst fracture: short-segment
thoracolumbar fractures.A preliminary report. J pedicle fixation versus long-segment
Bone JointSurg Am 75(2):162-7, 1993 instrumentation. J Spinal Disord Tech 18(6):485-8,
17. McCormack T, E. Karaikovic E, Gaines RW: The 2005
load sharing classification of spine fractures. Spine 21. Verlaan JJ, Diekerhof CH, Buskens E, van der Tweel
19(15):1741-4, 1994 [, Verbout AJ, Dhert WJ, Oner FC: Surgical treatment
18. Miiller U, Ulrich B, John SI, Othmar S: Treatment of of traumatic fractures of the thoracic and lumbar
thoracolumbar burst fractures without neurologic spine: a systematic review of the literature on
deficit by indirect reduction and posterior techniques, complications, and outcome. Spine
instrumentation: bisegmental stabilization with 29(7):803-14, 2004

Khaled Saoud, MD.
Department of Neurosurgery, Ain Shams University, Cairo.
Email: Ksaoud@yahoo.com

Address reprint
request to:

ke b glatt nata ) Ol giad| auaidl Conditly Sucdadll Ju yiuall (6 5220 350l )guuso nandlas (2 Hlie
3 yuadl patasll CodiIl

lewyEn puviewd acdadll o yoall oo oY (6 2411 3g-0all 59wt ratadll (sl Condid) Hawlwd SLL
390l (1 &I pomia ¢ md sy I LGS 5 Slon! ot (4o 9110 (i 31 DL 5 9o (1o 9201 100 Sromiaans
(§ a2l

T gl I ol (A B 5 gl oyl 2 Dliiiin s 9 pod natail) pencad il 3 o8 Ol sisal yotdl (0 Brgl
it yetiall e 931 50uS ralalf (gl el ps
D\.”d!a.mw\e)m‘myl)gﬂﬁg}‘ﬁc)&cp&k@u@ﬁiiab\ﬂk«.\.}ﬁfm@ba:G\.wb..m‘a."«.a.ns
XY Yo ale (s 5 ol 2 (g yaal agoatly

Qﬂm"YjY‘ e gamn (S QYM‘M@.QYNldSJf}.f&.\:’quﬂﬁdﬁ‘pS:w‘ C\.E:\J.Yaj u.«ajl‘
1B )5S ol 52231 B e puds 9 pd raladl) puiad oY Sl g naladt) Jusle

1y i T V9 YE (s e M1 o gl 53 7 .4 Srsaes €31 0.9 7 AR N {rciisis 153 €Y (ol T sl yuld eI
g @ (1) s 30 WA (e il g (770.8) (e s YA (e Culatidil (of 931 it goantl Jaiecs £ Jacu glia Tl |
239 8 pdiben Do ot ol pnt s g S8 (6 ,-BaT1 3 galt Lol foon 53 s Jalgallg Cocldldl (e 93 (s (ke oD
JIotaea ¥ (138 il 3 s Tl 5ot 2 Liad (6 211 33 aall JotaTad Sl 339 s poll railicn yin) 2 oLiomi ¥l
53 ol Ll 4l 3 Likeo g3 . (e 951 2 Jhoaia ) 1z g Y oW1 Jlaaiaw s 53 (o otk Joldi s Wi 99
2 o dan¥ gl Gakom oy gl il ke JIaacs¥ 11048 (I (15 Ll Jooml yondl 2 (o8 N1 Jlotaias!
S rteatis atadl) a8 Cocllt Lgis oapf - (4148) OY L foias

et liinn T (§35 4B B ) oSl Ol J 2N B s puds 9 gt (5 32N 3geall ralaldl jeiad ool :Ola LilwY)
taad Cecdil (6 paal dgeall idadl o juall o 11 g (e 5 jlisne ¥ L 2 iratadll Jygle Cundid! Sl
39S (0§41 1A ps (6 5211 390} il (3 Irdaca g g ndinicn) ol yutd) 2. Jundas rakaal

52 Egy SpineJ - Volume5 - January 2013



