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Abstract
Introduction: The surgical management of degenerative and malformative spinal deformities takes into account
the pelvic and spinal parameters. This concept is not applied in traumatology.
Purpose: To adapt the correction of traumatic kyphosis deformity to the type of backs in function of pelvic incidence
and to study the influence of the shape of backs on the localization, the type of fracture, the correction, and the loss
at follow-up.
Methods: It is a prospective study of 80 patients operated from February 2005 to December 2010. Mean folloupup was 52 months (18-72). Patients were treated by the same surgeon by a posterior osteosynthesis using in situ
contouring technique. We evaluated kyphosis deformity according the shape of backs assessed by the value of the
pelvic incidence (PI) calculated in lying position.
Results: Our patients were classified with low PI (type 1, 2) in 35% of cases and high PI (type 3, 4) in 57%
of cases. No significant difference was found in the repartition of fracture levels, type of fracture and the kyphosis
deformity. However, the number of patients with good correction and with loss at follow-up was important in high pelvic
incidence (p<0.001).
Discussion: Neurologic status is not the only point of decision in chirurgical treatment. The kyphosis deformity in
trauma is also an important point, but this angle is not always easy to measure. The relationship between deformities
with injury level of spine depends on type of backs. A patient with trauma (lying position), pelvic incidence is the only
angle which gives an idea about the shape of backs. According to Roussouly’s classification, type 1 (long thoracolumbar kyphosis) and type 2 (flat), the correlation at the injury level is not necessary, but for type 3 and 4 (with harmony
curvature), the correlation seems logical.

Keywords: Thoraco-lumbar fracture; Pelvic incidence; Shape of
back; In situ contouring technique.

Introduction
Thoraco-lumbar fractures are the most frequent spinal injuries [13]. The traumatic injury first leads to a kyphotic deformity [4] noted
and measured as previously described by several authors [5-8]. In fact,
young and active people are the most affected by those fractures [9].
Actually, because of the constraint sand disappointment due to the
orthopedic treatment [10], these fractures are more surgically treated.
To treat fractures, it needs to take into account the requirements of
modern life: short hospitalization, refusal to wear plasters or brace,
and early return to social and even to professional duties. Each surgical
technique differs according to its type of anchorage (screw or hooks),
its linking elements (rod or plate) and the vertebral levels instrumented
above and below the fracture. So to reduce the traumatic deformity,
internal or external maneuvers are essential. This is the objective of
the treatment before fixing the spine in the adequate position, but the
kyphosis angle is not always easy to measure [11]. For some authors, the
value of this deformity must be correlated with the injury level of spine,
others do not index their measurements at the affected level [5,7,1216]. Our objective was to prove the relationship between shape of back
(pelvic incidence) (PI) and parameters, which evaluate the kyphosis
deformity in thoraco-lumbar trauma. Pelvic parameters defined for
many years by Duval-Beaupère and legaye [17,18] are significant chain
of correlations between positional pelvic and spinal parameters which
are fundamental for the surgical management of spinal degenerative
and malformative deformities [19-21]. Although, this concept is less
spread in thoraco-lumbar fractures. With injured patients, PI is the
only pelvic angle which helps us to understand the sagittal balance
spine and gives an idea about the shape of back and about the degree of
the kyphosis deformity.
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The Purpose of this study was to adapt the correction of traumatic
kyphosis deformity to the type of backs in function of PI and to study
the influence of the shape of backs on the localization, the type of
fracture, the correction, and the loss at follow-up.
We conducted a prospective and observative study of 80 thoracolumbar fractures, operated on by the same surgeon. Reduction was
performed by the in situ contouring technique described by Jackson
[22] and Steib [2].

Patients and Methods
The study was composed of 80 injured patients, mean age 36 years
(16-68.), BMI 25.39 (19-31) with a majority of men (61 men versus
19 women). The type of trauma was variable but home accidents were
mostly encountered (Table 1). These fractures were treated by the same
team from february 2005 to December 2010. Mean follow up was 52
months (18–72). The thoraco-lumbar junction fractures were defined
as T12–L1 fractures, with extension to T11 and L2 (Table 1) [1,23].
The most frequent fractured level was L1. Fractures were classified
according to Denis [24], as this classification seems to us the easiest
to use (Table 1). We recorded a majority of Burst fractures (62%). The
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Number

Percentage

Gender

Male
Female

61
19

76.3%
23.8%

Antecedents

None
Diabetes
Surgery
Spinal
Other

63
2
2
3
10

78.8%
2.5%
2.5%
3.8%
12.5%

Etiology

Road accidents
Work accident
Home accidents
Other

14
33
24
9

17.5%
41.3%
30.0%
11.3%

Associated injuries

None
Cerebral
Thoracic
Abdominal
Limbs
Cervical

47
3
8
1
19
2

58.8%
3.8%
10.0%
1.3%
23.8%
2.5%

Neurological status

Undamaged
Frankel A
Frankel B C D
Cauda equina
syndrome

54
10
14
2

67.5%
12.5%
17.5%
2.5%

Level of injury

T10
T12
L4
L1
L2
L3

3
12
15
25
13
12

3.8%
15.0%
18.8%
31.3%
16.3%
15.0%

Burst
Denis classification Seat-belt
Dislocation

50
18
12

62.5%
22.5%
15.0%

Table 1 : Study caracterestics

majority of the injured experienced with no neurological troubles (68%
Frankel E). There were 9 complete paraplegias (Frankel A) and 17
incomplete neurological troubles (3 frankel B, 5 Frankel C, 9 Frankel
D) (Table 1). In order to analyze the deformity, we studied the relation
between the traumatic vertebra and the adjacent vertebrae (Figure 1)
[1] on preoperative X-rays (lying position) as well as on immediate
and long term post-operative X-rays (upright full spine X-rays). We
were more interested not only with the relative deformation but also
with the real deformation. Farcy sagittal index (SIF) [25] brings the real
notion of the importance of the traumatic kyphosis [1]. It corresponds
to the segmental kyphosis (SK) [one disc, one vertebra (inferior
endplate of the injured vertebra/inferior endplate of the overlying
vertebra)] diminished by the segment physiological kyphosis, which
arbitrarily amounts to 5° in the thoracic spine, –10° in the lumbar spine
and 0° in T12–L1. The normal index is zero. According to Roussouly’s
classification of lumber lordosis into four types to define the shape of
the spine (type 1 and 2 with low IP<50°; type 3 and 4 with high: IP ≥
50°) [26]. The SIF is not valuable for type 1 with long thoracolumbar
kyphosis and short lordosis. The same for type 2 with flat lordosis.
The Gardner segment kyphotic deformity (GSKD): angle defined by
the tangent to the upper endplate of the vertebra overlying the injured
vertebra and the tangent to the lower endplate of the injured vertebra
(Two vertebrae, one disc). This parameter is valuable for all backs
(independent curvatures: low or high PI) [14]. The statistical analysis,
the Student-t and Mann–Whitney-tests, Chi2 test were used to estimate
the significance of the results, by means of the SPSS statistics 17.0.
In case of neurological complications, patients underwent
emergency operation. If not, they were treated some time after. The
surgical treatment always consisted of a posterior osteosynthesis.
A laminoarthrectomy was performed only in case of neurological
signs. Canal stenosis did not constitute a release criterion. The
construct was identical in 51 cases and hybrid in 29 cases: bilateral
J Spine
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and symmetrical with screws protected by hooks as Argenson precised
from 1987 onwards [27,28]. Such construct diminishes the mobility
of pedicular screws [28] and protects them from excessive stress.
The standard construct consisted in pedicular screws inserted in tow
vertebrae overlying the fracture. At the bottom, screws were protected
by offset hooks inserted on the same vertebra. Opening the canal is
not necessary (blade of the sublaminar hook positioned between the
bone and the ligamentum flavum). The rod is contoured below to be
positioned far from the spine. After closing the high segment, the rod
is inserted down the body of lower implants by in situ contouring. This
maneuver is meant to give the rod the shape of the spine and then to
give the spine the shape of the rod freely. Reduction is performed by
bilateral and symmetrical actions (both rods at the same time) using
bending irons. These instruments are inserted between the screws. The
surgeon and his assistant transmit a movement to bring the bending
irons closer. This maneuver gives a lordosis shape to the rod. Bending
irons are then positioned at either side of the upper screws and the
same maneuver is performed. The first movement opens the fracture
site; the second movement opens the overlying disc which is often the
most compromised. This step may need to be repeated until satisfying
reduction is achieved. The correction obtained can be estimated by
radioscopy or by positioning the screwdriver into the screws, to obtain
the regional lordosis. There is no elongation stress on the spine, just
a correction of the lordosis. Before locking the implants, the frontal
balance of the construct must be improved (implants on the same
vertebra forming a perpendicular line with the rod) by compressiondistraction maneuvers [1,2]. The sub-laminar hook is locked in
compression on the screw that it protects. The postero-lateral articular
graft is then implanted. Patients rapidly got up without any external
fixation (4 days) [1,12,29]. Radiologic measurements are made by three
different surgeons. The clinical results were evaluated according to
Oswestry score [30].

Results
Osteosynthesis was considered as long when we fix two discs below
and above the fracture (64%) and as hybride for the others: every time
we fix two discs above and one disc below (36%). Osteosynthesis was
always protected by posterior and postero-lateral graft. The operation
was done within 12 days (1-21). Non-neurological patients waked-up
at the fourth day (2-7) without any external contention. Hospitalization
lasted 4 days (5-30).
Post traumatic deformity from 17.35° for the SIF arrived at -1.2°
(correction 18.55°) , for GSKD from 19° can reach -0.58° (correction
19.58°). The vertebral kyphosis (VK) passed from 17.6° to 3.99°
(correction 13.7°). In the last follow-up, the loss of correction was
(VK=0.27°, SIF=2.4°, GSKD=2.49°, P<0.0001). The real gain was
(VK=12.8°, SIF =2.04, GSKD=2.49°) (Table 2).
The estimation of deformity for the two parameters (SIF, GSKD)
did not have a significant difference for the whole study, this was
explained by the important number of fractures in T12-L1 level (37
patients) (Figure 2) that corresponds to a flat segment. On the contrary,
the value of these parameters was not the same according to the zone
touched (p<0.0001) (Table 3). This is given us an idea to add a new
parameter: pelvic incidence, the only angle calculated in patients
with trauma, which divided our patients into two groups [29]: with
low incidence (<50°) (29 patients) and with high incidence (≥50) (51
patients). Angular measurements in these two groups appear in the
Table 4. We noticed that there was not a significant statistic difference
between these two groups in level, type and neurological status (Table 5).
According to the correction obtained, a normal correction had a
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Preoperative

Postoperative

Correction

Follow-up

Real gain

Loss

(n=80)

(n=80)

(n=80)

(n=80)

(n=80)

(n=80)

VK

17.06°

3.99°

13.07°

4.26°

12.8°

0.27°

p<0.001

SIF

17.35°

-1.20°

18.55°

0.84°

16.51°

2.04°

p<0.001

GSKD

19.00°

-0.58°

19.58°

1.91°

17.08°

2.49°

p<0.001

Item

P (Test T de
Student)

Table 2: Radiological parameters of study

The sagittal balance evaluated by an entire X-ray of spine, took
three or six months after surgery (53 patients without neurologic
deficit) allows us to verify the type of back finding an error in two
patients (3%). The unbalance is found in 6 patients (11%).

Discussion
To compare with literature, our functional results are good
[9,16,31], they are better than the results obtained by orthopedic
treatment [31,32]. Before non-chirurgical treatment is practiced in 80%
of fractures without neurological complications [33]. The neurological
status is not the only point of decision in chirurgical treatment. The
deformity in sagittal plan is also an important point [2].
Figure 1: Angular measurements

The criteria of selection are extremely variables [8,32-34], the
majority are an angulation > 25° or a compression > 50° [1].
The post traumatic kyphosis is a true complication of spinal
fracture and it is most frequent at the thoraco-lumbar junction [34],
leading to back pain and neurological sequela. The kyphosis angle even
it is not always easy to measure [11].
For some authors, the value of this deformity must be correlated
with the injury level of spine and a slight kyphosis is acceptable in
T11-T12 unaccepable in L1-L2 which is normally a level in lordosis
while a flat area is wanted in T12-L1 [1,2]. If the local kyphosis (LK)
angle gives an idea about the importance of the traumatism but the
regional kyphosis (RK) is meaningless if it is not correlated to the level.
Farcy [25] was one of the first to make this distinction by defining the
sagittal index Farcy (SIF) after Stagnara’s study [35]. He admitted a
5° kyphosis at each thoracic level, a 10° lordosis at each lumbar level
and 0° in T12-L1 .The SIF corresponds to the difference between the
calculated angulation and the ideal angulation.

Figure 2: Distribution of patients by vertebral level.

SIF=0°, +10°, -1° in back with IP≥50°, and a GSKD= 0°, +1°, -1° in back
with IP<50°. The hyper correction had a SIF <-1° or GSKD <-1° and
the hypo correction with (SIF > +1°or GSKD > +1°) (Table 6).
The correction was acceptable (normal or hyper correction) in 69%
of cases for patients with a high pelvic incidence, 31% of patients with
a low pelvic incidence (p<0.001).
The clinical results were good with an Oswestry score amounting to
32 (10–70). There was no correlation between the shape of spine (low
and high incidence) and the clinical score. Thirty nine patients were
able to go back to their previous work 9 months after surgery on average
(6–36 months), 11 were not able to do so and 30 were unemployed.
We observed 2 phlebitis and 2 superficial infections. Complications
of the posterior approach were 5 dural breaches sutured without any
sequela, 2 cases dismounting and a non-union, both of which have
been reoperated on with a new posterior construct. In this emergency
surgery, there were eight sepsis cases (10%). However, none dismantling
and none required material removal.

J Spine
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Most authors do not index their measurement at the affected level
[5,7,12-16]. Among them, Korovessis [14] used the Gardner Segment
Kyphosis Deformity (GSKD) wich is interesting when the upper
endplate of the injured vertebra is no more identifiable.
In our study, we are based on pelvic incidence defined for many
years by Duval-Beaupère and Legaye [17] calculated on profile
radiography of lumbosacral junction taken both femoral heads. It
is a proper angle for every primordial individual to understand the
thoraco-lumbar sagittal balance, but it cannot be modified as the
growth is achieved. The value of this incidence gives us an idea about
the type of backs in order to adapt the adequate parameter. Backs with
low incidence <50° are classified according to Roussouly in type 1(with
high thora-columbar kyphosis and a little lordosis), type 2 (with plate
back) [26]. For these types of backs, we have rejoined the authors who
used the parameter independently for injury level such as the GSKD
(Figure 3). On the contrary, backs with high incidence classified in
type 3 and 4 with harmony curvature [26], the correlation between the
regional kyphosis and the level injury gives the real deformity. The SIF
is applicable for these backs (Figure 4).
Our hypothesis for the influence of the shape of back on thoraco-
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Figure 3: Case 1: L1 burst fracture, without neurologic signs, GSKD=24°, PI= 40°, Real Gain =20° without loss at follow-up.

Figure 4: Case 2: L1 burst Fracture, without neurologic signs, SIF=40°, PI=72°, Real Gain= 40°, follow-up of 4 years, good balance, with little loss of correction.

lumbar fractures consists in choice the parameters which evaluate the
traumatic deformity in function of pelvic incidence the only parameter
calculated in injured patients.
The results of our study confirm our hypothesis by the significant
difference of the traumatic deformity value found by the calculation of
the SIF and the GSKD in the different segments of back (Table 3). This
difference is not significant for the whole study seeing the important
number of fractures in T12-L1(46%) in which the deformity is not
major which make the values of SIF and GSKD near of each other
(17.35°,19°) (Table 2). The type of back is not influenced by the gender,
age and BMI. The thoraco-lumbar junction is the most touched in
our study (63%) similar to literature [1,2,34]. This notion is found in
backs with high pelvic incidence (64%), but for backs with low pelvic
incidence, this notion is less important (53%) without statistically
significant difference.
The global correction is satisfied for the whole study, with real gain
12,8° (VK), 16,51° (SIF), 17,08° (GSKG) compared to literature [1,25].
The number of patients well-corrected by this technique varies in
function of type of back (Table 5). Also, for backs with high incidence a
good correction is obtained in 69% of cases whereas 31% for backs with
low incidence (p<0.001).
The loss in follow up are minims, 0,27° (VK), 2,04° (SIF) and
2,49° (GSKD) compared in study of literature [1] (Table 2). This loss
is proportional to pelvic incidence: more important in patients with
high pelvic incidence (p<0.002) (Table 4). The discordance between the
good functional results and the radiologic results in patients with low
pelvic incidence (hypo correction =69%) (Table 6), proves the kyphotic
J Spine
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Vertebral Level
Thoracic n=3

thoracolumbar
junction n=50

Lumbar n=27

P (Student
test)

VK

15,3°

20,4°

10,2°

(P<0,001)

GSKD

18°

23,8°

9°

(P<0,001)

SIF

12,3°

19,8°

12,6°

(P<0,001)

Table 3: Angular deformity according to the vertebral Zone
Pelvic incidence

Item

Low < 50°
N=29

High ≥ 50°
N=51

P (Student Test)

Deformation

VK
SIF
GSKD

19,17°
17,93°
22,07°

15,86°
17,02°
17,25°

0,124
0,716
0,091

Correction

VK
SIF
GSKD

13,68°
15,89°
18,48°

12,72°
20,05°
20,19°

0,651
0,117
0,501

Loss

VK
SIF
GSKD

0.51°
2.03°
1.48°

0.56°
2.82°
3.45°

0.877
0.258
0.002

Table 4: Correlation between pelvic incidence and vertebral deformity, gain and
loss of correction

attitude of these backs with low incidence [26].
The limitation of our study is that the different radiologic
parameters were measured manually. These measures would be more
precise if we used adapted software.

Conclusion
The treatment of spinal fractures is still highly controversed. The
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Pelvic incidence
Low <50°
N=29

High ≥ 50°
N=51

Overall
(n= 80)

P (Khi 2)

Level

T10
T12
L4
L1
L2
L3

1
6
3
5
8
6

2
6
12
20
5
6

3
12
15
25
13
12

P=0.071

Denis

BURST
SEAT-BELT
DISLOCATION

21
5
3

29
13
9

50
18
12

Franckel

A
B
C
D
E

5
1
1
5
17

4
2
4
4
37

9
3
5
9
54

P=0.381

P=0,404

Table 5: Correlation between pelvic incidence and vertebral Level, type,
neurological status
Pelvic Incidence
Low <50°

High ≥50°

Overall

P (KHI 2)

n

%

n

%

n

%

overcorrection

5

17.2

22

43.1

27

33.8

P<0.001

with normal
Correction

4

13.8

18

35.3

22

27.5

P<0.001

undercorrection

20

69.0

11

35.5

31

21.6

P<0.001

Table 6: Correlation between pelvic incidence and correction of vertebral deformity

new techniques (screw, hooks, rod) improve the correction quality
of the deformity of the kyphosis. If the vertebral deformity gives an
idea about the importance of traumatism, the real regional deformity
remains mal defined with or without the correlation with the injury
level. In our opinion, this correlation depends on the shape of backs.
Pelvic incidence is the only parameter calculated in injured patients.
Relationships between this angle and the orientation of the sacrum,
the sacral slope, and the characteristics of the lumbar lordosis were
evident. For backs with high incidence (harmony curvature), the
kyphosis deformity is meaningless if it is not correlated to the injury
level. However, for backs with low incidence (long thoraco kyphosis
or flat), this correlation is not obligatory. According to our study,
pelvic incidence is not correlated to the traumatic deformity but it is
proportional to the correction and loss. Therefore, the shape of back
(pelvic incidence) appears fundamental in the choice of the number of
vertebrae to fix above and below the fracture.
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