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LONG-TERM RESULTS OF POSTERIOR SURGERY IN
THORACOLUMBAR FRACTURES: SAGITTAL PLANE
ANALYSIS

TORAKOLOMBER OMURGA KIRIKLARINDA POSTERIOR
CERRAHININ UZUN DONEM SONUCLARI: SAGITTAL PLAN
ANALIZI

SUMMARY

Introduction: The early and long-term postoperative results in the sagittal plane for thoracolumbar
(TL) vertebral fractures that received only posterior instrumentation and fusion were examined.

Method: Between the years 1998—2004, 15 patients (11 males, 4 females) received surgery for a TL
vertebral fracture. The average age was 34.6 (16-57) years. The average follow-up period was 8.43 (5—
11) years. Fixation with posterior pedicle screws and rods, fracture distraction and fusion were applied
to all patients. Sagittal plane measurements of the patients were taken radiologically preoperatively
(Group 1), early postoperatively (Group 2), and late postoperatively (Group 3). The local kyphosis angle
(LKA), anterior compression angle (ACA), anterior (F) and posterior (E) column heights of the fractured
vertebrae were measured and compared.

Results: The average Group 1, 2 and 3 LKA measurements were 12.63°, 0.21° and 6.92°, respectively
(p<0.001), and the ACA measurements were 14.13°, 5.83° and 6.25°, respectively (p<0.001). Significant
differences were found between the average LKA, ACA and E/F scores of Group 1, Group 2 and
Group 3 (p<0.001). While there was a significant difference between the averages of the LKA and E/F
measurements of Group 2 and Group 3 (p<0.05), no statistical difference was found after comparing
the average ACA angle (p=0.753). While there was no significant change in E in any group (p>0.05),
the increase in F after surgery was considered significant (p<0.05), and no difference was observed
between the averages of Group 2 and Group 3 (p>0.05). The VAS was 2.73 (0-5). While the neurological
status showed obvious recovery in one case (from Frankel B to E), it remained the same in 14 cases. In
the last follow-up, implant failure was seen at a rate of 70%. The VAS was 3.73 (0-5).

Conclusion: At the end of an average follow-up period of eight years for posterior TL fractures, no
differences were found between the early and late period measurements of the ACA and anterior
height. Although LKA showed a statistical loss, the degree of correction achieved in the late period was
found to be significantly higher than in the preoperative period.
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OZET

Amag: Torakolomber (TL) vertebra kirigi nedeniyle sadece posteriordan enstrimentasyon ve fiizyon
uygulanan hastalarin sagittal planda erken ve ge¢ postoperatif sonuglarinin degerlendirilmesi
amaclandi.

Yontem: 1998-2004 yillari arasindaTL vertebra kirdi nedeniyle 15 hasta (11 erkek, 4 kadin) opere edildi.
Hastalarin ortalama yasi 34.6 (16-57) yil idi. Tim hastalara ayni seansta posterior pedikil vida ve rodlari
ile fiksasyon, kirik distraksiyonu ve flizyon uygulandi. Ortalama 8.43 (5-11) yil takip edilen hastalarin
radyolojik olarak cerrahi 6ncesi (Grup 1), cerrahi sonrasi erken (Grup 2) ve son kontrolde ge¢ donem
(Grup 3) sagittal planda 6lctiimleri yapildi. Kirik vertebra lokal kifoz agisi (LKA), anterior kompresyon agisi
(AKA), kirik vertebra cismi anterior (F) ve posterior (E) yiiksekligi 6lctltp karsilastirildi.

Bulgular: LKA sirasiile ortalama 12.63°,0.21°,6.92° (p<0.001), AKA 14.13°, 5.83°,6.25° (p<0.001) olctildi.
Her lic gurupta LKA, AKA, E/F ortalamalari arasinda anlamli degisim g6zlendi (p<0.001). Grup 2 ve Grup
3 LKA, E/F ortalamalari arasinda anlamli fark varken (p<0.05), AKA ortalamalari arasinda anlamli fark
gozlenmedi (p=0,753). E her Ui¢ grup arasinda degisim gostermedi (p>0.05). F de cerrahi sonrasi artis
anlamli degerlendirilirken (p<0.05), Grup 2 ve Grup 3 ortalamalari arasinda fark gézlenmedi (p>0.05).
Norolojik durum 1 olguda belirgin diizelme gosterirken (Frankel B den E ye), diger 14 olguda ilk hali ile
kaldi. Son kontrolde implant yetmezligi %70 bulundu. GAC 3.73 (0-5) oldu.

Sonug: TL vertebra kiriklarinin posteriordan cerrahi tedavisinin ortalama 8 yillik takibinin sagittal plan
analizi sonucunda AKA ve vertebra anterior cisim yuksekliginde cerrahi sonrasi erken ve ge¢ dénem
arasinda fark bulunmadi. LKA da ise kayip olusmasina ragmen ge¢ dénemde saglanan diizelme
derecesinin cerrahi 6ncesine gore anlamli derecede yiiksek oldugu gésterildi.

Anahtar kelimeler: Torakolomber kirik, lokal kifoz, sagittal planda analizi

Kanit Diizeyi: Retrospektif klinik calisma, Duzey Il
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INTRODUCTION:

Thoracolumbar (TL) spine traumas are the most
common injuries affecting the musculoskeletal
system' The treatment methods and surgery
types for TL still

controversial (1-2,15). Surgical treatment is

vertebral fractures are
not preferred for many compression and stable
burst fractures in the TL region. 90% of all
spine fractures are observed in the TL region,
and many of them are observed at the T10-L4
levels. AO type A (compression) fractures are
seen in about 66% of TL vertebral fractures.
Flexion-distraction (type B)

commonly observed in the TL region and they
16,20

injuries are

represent 1-16% of TL region fractures

The treatment of TL vertebral fractures can be
conservative or surgical. Surgical treatment can
be required for unstable injuries to avoid post-
traumatic kyphosis and neurological disruption.
The surgical treatment of TL vertebral
fractures aims to correct deformity, to prevent
further deformities developing, to reduce the
risk of neurological injury, to provide initial
stability, and to decrease complications based
on early mobilization and the use of orthosis.
Surgical treatment can include posterior
instrumentation, anterior decompression and
instrumentation, or a combination of both. For
neurologically robust unstable burst fractures,
posterior vertebral fusion is recommended when

there is >25° kyphosis, >50% vertebral height

loss or >40% canal pressure®.

With posterior surgical treatment, fusion is
classically performed using instrumentation with
a posterior approach®>'18 It was demonstrated
that the use of posterior transpedicular internal
fixation and a transpedicular bone graft did not
significantly affect the clinical and radiological

results>!,

Short-segment surgery from the
posterior and long-segment surgery were
compared, and no significant differences were
observed between the clinical results''®. In
recent years, similar results have been obtained
for the application of both minimally invasive

percutaneous pedicle screws and open surgery
for TL fractures’.

This study aims to retrospectively evaluate and
analyze the early and late radiological changes
in the sagittal plane for patients who received
fusion from the posterior alone due to TL
vertebral fractures.

MATERIALS AND METHODS:

15 patients (11 males, 4 females) received
surgery from the posterior due to TL vertebral
fractures between 1998 and 2004. The mean age
of the patients was 34.6 + 15.06 (16-57) years.
For the patients who received internal fixation
and fusion from the posterior with TL vertebral
fractures, the changes in the sagittal plane were
retrospectively evaluated. The mean follow-up
period was 8.43 +2.99 (5-11) years. The fractures
were classified according to the AO/ASIF
(Magerl) system. TL vertebral fractures were
investigated with preoperative anterioposterior
and lateral X-rays, computerized tomography,
and magnetic resonance imaging. The American
Spinal Injury Association (ASIA)/Frankel
classification was used to assess the neurological
status. While deciding on surgery, whether the
posterior ligamentous complex was robust was
clinically and radiologically tested. Posterior
pedicle screw fixation and fusion was applied
to the patients who were receiving surgery as
soon as possible. Fusion of a minimum number

of mobile segments was the aim during surgery.
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Titanium polyaxial pedicle screws were used as
the implant, except for one case, and 30-60 cc of
cancellous allografts were used for fusion.

After surgery, a TLSO brace was used for about
1.5 months. Implant failure was followed up in
terms of infection and neurological status. The
clinical satisfaction of the patients was evaluated
according to the visual analog scale (VAS).

The radiological parameters measured in the
sagittal plane included the local kyphosis angle
(LKA = AD), the anterior compression angle
(ACA = BC), the vertebral anterior height

(F) and the vertebral posterior height (E)
(Table-1). The measurements in the sagittal
plane were performed preoperatively (Group 1),
and in the early (Group 2) and late (Group 3)
postoperative period, and compared with each
other. Descriptive statistical methods (mean,
standard deviation) were used for statistical
analyses (NCSS 2007) and evaluation of the
data. The Friedman test was used for repetitive
measurement of the groups and Dunn’s
multiple comparison test was used for sub-
group comparisons. The results were evaluated

according to p<0.05.

Table-1. Radiological evaluation in the sagittal plane

Dunn’s multiple comparison test ACA (") F (cm) E/F (cm)

Preop/early postop 0.001 0.001 0.001 0.015

Preop/late postop 0.022 0.001 0.001 0.001

Early postop/late postop 0.011 0.753* 0.726" 0.002
RESULTS: the fracture level if appropriate. No laminectomy
When the vertebral fracture levels were Was applied to any patients.

investigated, a total of 23 vertebral fractures were
detected, between the T5-L4 vertebral levels
(most commonly L.1) in 15 cases. Nine fractures
at the L1 vertebral level (39%), three fractures at
T12 and L2 (13%), two fractures at the L.3 and
L4 vertebrae (9%) and one fracture at the T5—
6-8-10 levels (4%) were observed. Fractures
were observed at two consecutive levels in six
of the patients, and at three different levels in
one patient. Long-segment instrumentation
and short-segment instrumentation were
applied to nine and six patients, respectively.
For the patients who received short-segment

instrumentation, a pedicle screw was placed at

The fractures were evaluated according to the
AO/ASIF classification™. Type A, type B
and type C vertebral fractures were observed
in 20 (87%), two (9%) and one (4%) vertebrae,
respectively. When the reasons for trauma
were considered, the most common reason
was falling from a height (64%), then traffic
accidents (29%) and work accidents (7%). The
neurological status was evaluated with the
ASIA/Frankel classification. In 13 patients, the
neurological status was stable, as preoperative
and postoperative Frankel E. One patient had
preoperative Frankel D without any change
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postoperatively and Frankel B neurological signs
became Frankel E in one patient who received
surgical intervention in the first six hours after
trauma. The change of the LK and ACA in the
sagittal plane was measured preoperatively and
early and late postoperatively (Figure-1). In the
fractured vertebrae, the change of the anterior
and posterior vertebral height in the sagittal
plane was evaluated (Figure-2). Comparative
statistical analyses of the groups were performed
with Dunn’s multiple comparison test (Table-2).
A significant change was observed between the

LKA, ACA, F and E/F measurements of Group

1, Group 2 and Group 3 (p<0.001) (Table-3,
Figure 1). While there was a significant
difference between the LKA and E/F average
values of Group 2 and Group 3 (p<0.05), no
statistically significant difference was observed
in terms of the ACA average values between
both groups (p=0.05). E did not show any
significant differences between the three groups
(p>0.05), while the increase in F was significant
after surgery between all groups (p<0.05). There
were no differences in the average values of

Group 2 and Group 3 (p>0.05).

Group 1

16
14 LKA: p<0.0001
g 10 = LKA
0 8 ACA
()
— 6 [
4 S
2 I
u 1

Group 2

Group 3

and ACA in the sagittal plane.

Figure-1. Preoperative (Group 1), and early (Group 2) and late (Group 3) postoperative changes of LK

4 E; p=0.132
F; p<0,0001
35 7 E/F; p<0,0001
3 4
25
NE
2 3
cm
15 WESF
1 4
0,5
0
Group 1 Group 2 Group 3

vertebrae in the sagittal plane.

Figure-2. The distribution of changes of the anterior (F) and posterior (E) vertebral heights of fractured
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Table-2. Comparative statistical analysis of the groups and Dunn’s multiple comparison test.

Local kyphosis angle Early Postop Late Pc

Anterior compression angle

ACA’=BC

Vertebral anterior height

F

Vertebral posterior height

E

Table-3. Significant differences between the LKA, ACA, F and E/F average values were observed
between Group 1, Group 2 and Group 3 (p<0.001). There was no change in the height of E (p=0.132).

Preop Erken Postop Geg Postop Fr P
AD (%) 12,639,87 0,21£12,53 6,92115,84 29,93  0,0001
BC(") 14,13+8,62 5,8313,96 6,25t6,39 16,38  0,0001
E (cm) 3,3810,52 3,21+0,44 3,240,7 4,05 0,132
F{em) 2,440,68 2,87+40,49 2,83+0,78 19,85  0,0001
E/F (cm) 1,49:0,38 1,43£0,39 1,17+0,22 20,46  0,0001

There were no extra neurological complications
or infections in any patients. In the last follow-
up, 70% implant failure was observed, consisting
of pedicle screw fracture in eight cases (54%)
and rod fracture in five cases (33%), alone or
together. Although a high rate of implant failure
was present, all patients except one returned to
work. The average VAS was found to be 3.73 +
1.62 (0-5).

DISCUSSION:
of TL

controversial. If there are no neurological

Treatment vertebral fractures is
deficits in TL burst fractures, it seems that
neither conservative nor surgical treatment
is superior. If there are neurological deficits,
surgical treatment is suggested’. It has been

reported that conservative treatment is safe and

effective for chosen patients®. In TL vertebral
fractures, posterior surgical treatment options
include short- or long-segment pedicle screw
application from the posterior, pedicle screw to
the fractured vertebra, minimally invasive pedicle
screw, transpedicular graft application, or short-
segment non-fusion fixation! > 11141718 For
stabilization of TL vertebral burst compression
injuries, posterior transpedicular internal
fixation is accepted as a valid and standard
procedure. However, the long-term results of
this approach are still controversial®>!18,

In TL vertebral unstable burst fractures that are
neurologically intact, posterior vertebral fusion
is recommended when there is >25° kyphosis,
>50% vertebral height loss and >40% canal

pressure®.
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Chance

injuries can cause distinct kyphosis. While

fractures and flexion-distraction
many stable, neurologically robust compression
fractures can be treated with conservative
treatments, neurologically robust unstable
burst fractures can be treated with short, rigid
posterior fusion. If there is a burst fracture
with an unstable neurological deficit, direct or
indirect decompression is suggested®. Flexion-
distraction injuries can cause disruption of the
middle and posterior column of the vertebra
due to distractive forces®. These fractures are
often unstable with anterior column injuries
such as compression fractures, and kyphosis can
develop®. The posterior structures and posterior
ligamentous complex are often injured®.
Surgical treatment can be required for unstable
injuries to avoid post-traumatic kyphosis and
neurological disruption. Surgical treatment
classically includes instrumented fusion with
a posterior open approach. Especially for
neurologically robust cases with no internal canal
fragmentation, while percutaneous pedicle screw
application provides sufficient stabilization, the

aim is for minimal tissue damage and protection

of the normal anatomy. In a prospective study on
flexion-distraction and posterior ligamentous
complex injuries, Grossbach et al. applied open
pedicle fixation and posterolateral fusion to 27
patients, and minimally invasive pedicle screw
fixation to 11 patients. They observed recovery
of the kyphosis angle in both groups in their last
follow-up and in the postoperative early period.
They did not find any significant differences
between open and minimally invasive surgical
procedures in terms of the neurological status
and kyphosis angle degree’. When minimally
invasive percutaneous pedicle screw fixation
was compared with an open surgical technique
for flexion-distraction injuries, it was suggested
that a minimally invasive method can be used
as an alternative, due to a similar outcome with
less blood loss’. In our patients, we only applied
an open surgical approach from the posterior.
We observed that the posterior ligamentous
complex,in particular,was moderately or severely
damaged. We aimed for fusion of a minimum of
mobile segments from the posterior according

to the fracture level (Figure-3,4,5 and 6).

Early postop

Late postop Early postop

Figure-3. M aged 28; a fall from a height; follow-up period: 11 years; fracture level: L.2-3; fracture type:
Type B.1.1 (flexion/distraction); short segment fusion; VAS 4 in the last follow-up.
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Last follow-up

Figure-4. M aged 41; traffic accident; follow-up period: 11 years; fracture level T10-L1; fracture type:

Type A 3.3 + A 1.3; short segment fusion; VAS 5 in the last follow-up.

Erken Postop i Son kortrol

Figure-5. F aged 27; a fall from a height; follow-up period: 11 years; fracture level L3; fracture type:
Type C 1.3 (rotation) + A 3.3 (burst); long segment fusion; VAS 3 in the last follow-up.

Figure-6. F aged 26; a fall from a height; follow-up period: 9 years; fracture level L1-2; fracture type:
type B 2.3 (flexion-distraction) + Type A 1.1(compression-endplate impaction); long segment fusion;
VAS 3 in the last follow-up.
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There have been many studies investigating
the radiological and clinical results of TL
vertebral fractures in the sagittal plane. In a
study in which Cotrel-Dubousset pedicle screw
instrumentation was applied to 38 patients with
unstable TL and lumbar (T12-L5) vertebral
fractures, the canal compression, compression
index, kyphosis correction, satisfaction, use of
drugs for pain,and return to work were evaluated.
In the follow-up, only 1° of correction was
present with 6° loss of kyphosis after corrective
surgery. While screw fracture or bending was
observed in the TL region of nine patients,
successful surgical results were obtained for
32 of 33 patients, and 27 patients returned to
work’. In the long-term follow-up, our patients
also returned to work, except for one patient
who received surgery from the posterior due to
a'TL vertebral fracture, and there was no regular
use of drugs for the pain.

For T'L fractures, pedicle screw fixation with the
application of transpedicular fusion is accepted
as controversial. For TL vertebral fractures,
posterior transpedicular internal fixation and
transpedicular bone grafting were first defined
by Daniaux to provide fusion between vertebral
bodies. According to a study by Knop et al.,
transpedicular cancellous bone grafting between
vertebral bodies after posterior stabilization
forcomplete or incomplete vertebral burst
fractures was shown not to decrease the
correction loss as a fusion technique'’. Knop
found no relationship between the Magerl
classification and the radiological results, but
he found a significant relationship between
the preoperative kyphosis angle of the vertebra
and the postoperative reduction loss'. In a
retrospective study by Andress et al., internal
fixation or internal fixation with a transpedicular

spongiosis graft were applied to 50 patients
with unstable compression-burst fractures in
the TL region. They showed that transpedicular
grafting did not affect the clinical or radiological
results significantly®. Alanay et al. published a
randomized, prospective study in which they
compared patients who received short-segment
fixation for TL burst fractures with or without
transpedicular grafting for fusion.

They did not find any differences in terms of the
sagittal index (SI),anterior vertebral height ratio,
or LKA correction loss between the groups. It
was also emphasized that there was a high rate
of failure with short-segment transpedicular
instrumentation for TL burst fractures, and the
addition of transpedicular intercorporal grafting
had no effect on reducing the failure rate.
For our patients, we applied fusion alone with
corticospongious allografts from the posterior,
and did not apply transpedicular grafts to any
patients. In the last follow-ups of the cases with
TL vertebral fractures who received a posterior
approach alone, although we encountered a high
rate of implant failure, the patient satisfaction
was better and a higher correction was present
in the sagittal plane when compared to the

preoperative period (Figures-4,5,6).

Although short-segment pedicle fixation has
been a popular treatment option in recent years,a
high rate of implant failure has been reported' 2.
In a study by Tezeren and Kuru, they compared
short- and long-segment pedicle fixation for
TL fragmented fractures, and showed better
results for LKA, ST and anterior vertebral height
compression on application of long-segment
instrumentation (p<0.05). While 55% implant
failure was observed for patients with short-
segment instrumentation, a prolonged operation
duration and increased bleeding amount were
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observed for the patients with long-segment
instrumentation. There was no difference in
the clinical evaluation between the groups.
According to the radiological parameters, it was
shown that long-segment instrumentation was
more effective for TL burst fractures'®. Altay et
al. compared long- and short-segment fixation
tor Magerl Type A unstable TL burst fractures,
and found more significant correction of the
SI and canal compression for patients who
received long-segment instrumentation than for
patients with short-segment fixation. Although
the radiological results were better with long-
segment fixation, the clinical results were
found to be the same, except for Magerl Type
A33 fractures?. Uziimciigil et al. retrospectively
compared long- and short-segment posterior
tusion for patients who received pedicle screws
to the fracture level and to one lower and two
upper levels. In the final follow-up, improved
anterior vertebral height, LKA and SI were
observed for both groups, but there was no
difference between the two groups clinically or
radiologically. In the group who received short-
segment instrumentation, although the local
kyphosis loss was found to be significant in the
postoperative and last follow-ups, no implant
failure was encountered, unlike previously
published studies, and satisfactory results were
clinically obtained despite radiological correction
loss'. Jindal et al. carried out a prospective study
in which they compared patients who received
short-segment pedicle screw fixation for TL
burst fractures with or without fusion. While
perioperative blood transfusion was found to
be significantly higher in the group with fusion,
no significant differences were found between
the two groups in terms of the clinical and
radiological results, and fusion was found to be
unnecessary with short-segment pedicle screw

fixation for TL vertebral burst fractures®. In
our patients, the late postoperative LKA, ACA
and F showed significant improvement when
compared to the preoperative period. Although
a decrease in the LKA was observed in the late
postoperative period, significant improvement
occurred when compared to the period before
the fracture. In our patients, implant failure was
observed at a rate 20-50% higher than that seen
in the literature (70%).

The limitations of our study are the low patient
numbers, there was no comparison between
short-
there was no comparison between groups with

and long-segment instrumentation,

or without the placement of screws into the
fractured vertebrae, the patients were not in the
same age range, no standard instrumentation
was used for all of the patients, and updated
fracture classification and patient satisfaction
surveys were not used. Therefore, there is a
need for standardized, comparative studies on
TL region fractures that include a large patient
number. As a result, although we observed a loss
of kyphosis angle in the sagittal plane of patients
who received posterior fusion for TL fractures,
a significant improvement was observed when
compared to the preoperative period. Early
posterior surgery can be effective for correction
in the sagittal plane in the long-term, especially
in the presence of instability, neurological
damage, kyphosis development risk and injury
of the posterior ligamentous complex.

In conclusion, when the local kyphosis angle,
anterior kyphosis angle and anterior vertebral
height were compared for TL vertebral
fractures treated with posterior surgery in
the preoperative, early, and late postoperative
periods, a significant

improvement was

observed. No significant difference was found
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between the early and late postoperative period
in terms of the anterior kyphosis angle and the
anterior vertebral height. Although there was
a decrease in the local kyphosis angle in the
late postoperative period relative to the early
period, the improvement degree was found to
be significantly higher than the preoperative

measurements.

Early surgery seems to be necessary for TL
vertebral fractures, in terms of the neurological
improvement and stability. Although a high
rate of implant failure (70%) was observed
with posterior surgical treatment of TL
vertebral fractures in the long term, a significant
improvement in the sagittal plane deformity
was obtained.
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