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Abstract

Aim of this prospective study is to assess the effect of posterior dynamic stabilization IntraSPINE system on
sagittal spinal balance, using EOS® X-Ray imaging system. Between March and December 2015, 8 patients
affected by lumbar soft stenosis underwent indirect decompression of the lumbar canal by positioning of
IntraSPINE® device. Sagittal balance was evaluated considering following parameters: C7 Plum Line (C7PL),
Thoracic Kyphosis (TK), Lumbar Lordosis (LL), Pelvic Tilt (PT), Pelvic Index (PI) and Sacral Slope (SS). The EOS®

2D/3D system and corresponding sterEOS 3D software for surface 3D reconstruction has been used to calculate the
above mentioned parameters. All patients had neurogenic claudication and low back pain for more than 6 months
and resistant to drug treatment. They underwent clinical examination before surgery and 1 month after surgery.
Statistical analyses were performed using Stata software. All results were considered significant if p<0.05. C7PL,
TK, LL, PI and SS were not modified after surgery. PT increased after surgery. VAS, ODI and JOA significantly
increased after surgery. The results show that the posterior dynamic stabilization offered by this device leads to a
good symptoms control and does not seems to change the sagittal balance.

Keywords: IntraSPINE; Sagittal balance; Dynamic posterior
stabilization device; Intralaminar device; EOS™ X-Ray

Introduction
Neurogenic claudication caused by lumbar spinal stenosis and

spinal instability currently represent the most frequent symptoms for
visiting a spine surgeon in the occidental countries [1]. The initial
treatment approach is conservative and prescribes anti-inflammatory
medications, physical therapy programs and epidural steroid
injections. Unfortunately, only a small number of patients take benefits
from these interventions obtaining a prolonged symptoms control [2].
In the case of failure of the conservative treatment, a surgical approach
is indicated and a direct surgical decompression has been shown
significantly improvement in pain, function and satisfaction in a
remarkable number of cases with durable effects [3]. Traditional
approaches include open laminectomy or laminotomy and more
recently, excellent results came from the minimally invasive
decompression through a mono-lateral approach with undercutting
[4-6]. In cases of vertebral instability or spondylolisthesis the
procedure can be completed with a fusion. Despite the fact that there
are complications after such approaches [7] there is a subgroup of
patients with a low Schizas scale grade (A or B) (Figure 1) [8] whose
general condition and comorbidities preclude to undergo a major
spinal operations.

In these cases a less invasive approach can be performed and a
posterior dynamic stabilization system can be used [9-12]. The aims of
dynamic stabilization are to unload the disc and the facet joints to
preserve the motion under mechanical loading and to restrict
abnormal motion in the spinal segment.

These devices determine an increase of both the spinal canal area
and the neural foraminal area leading to an improvement in symptoms
of neurogenic claudication. Current data from biomechanical and
clinical studies support the short-term efficacy of interspinous and
interlaminar implants in treating claudication related to moderate
spinal stenosis [13,14]. Indirect decompression has been criticized as
being kyphogenic in the lumbar spine.

These devices reduce the range of motion during flexion-extension
at the instrumented level. The range of motion of the adjacent motion
segments is not affected by the implant during axial rotation, flexion-
extension, or lateral bending [15]. Djurasovic at al. [2] have shown that
there are no changes in local kyphosis after implantation of the X-
STOP. Despite these discordant opinions about the effects of these
devices on the spine physiology, only few studies have pointed out the
attention on their effect on the sagittal balance [15,16].
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Figure 1: Description of the morphologic classification of spinal
stenosis combining graphic and MRI examples. Grade A stenosis:
there is clearly CSF visible inside the dural sac, but its distribution is
inhomogeneous: A1: the rootlets lie dorsally and occupy less than
half of the dural sac area. A2: the rootlets lie dorsally, in contact
with the dura but in a horseshoe configuration. A3: the rootlets lie
dorsally and occupy more than half of the dural sac area. A4: the
rootlets lie centrally and occupy the majority of the dural sac area.
Grade B stenosis: the rootlets occupy the whole of the dural sac, but
they can still be individualized. Some CSF is still present giving a
grainy appearance to the sac. Grade C stenosis: no rootlets can be
recognized, the dural sac demonstrating a homogeneous gray signal
with no CSF signal visible. There is epidural fat present posteriorly.
Grade D stenosis: in addition to no rootlets being recognizable
there is no epidural fat posteriorly. We defined grade A as no or
minor stenosis, B as moderate stenosis, C as severe stenosis, and D
as extreme stenosis [8].

Sagittal balance describes the ideal and "normal" alignment in the
sagittal plane, resulting from the interplay between various organic
factors. Any pathology that alters this equilibrium instigates sagittal

malalignment and its compensatory mechanisms. As a result, sagittal
malalignment is not limited to adult spinal deformity; its pervasiveness
extends through most spinal disorders. While further research is
developing, the literature reports clinically relevant radiographic
parameters that have significant relationships with patient-reported
outcomes [17].

This is a prospective study to determine the effect of posterior
dynamic stabilization IntraSPINE system [11,12] on sagittal spinal
balance using EOS® X-Ray imaging system [18], since no studies have
fully delineated the effect of indirect decompression on spinal balance
on EOS images.

Materials and Methods
Approval from our institution's ethical board was obtained for this

prospective study.

Between March and December 2015 at the Spinal Unit of the
I.R.C.C.S. Neuromed Hospital of Pozzilli (Italy), 8 patients (4 female, 4
male average age 54.5 range 39-78) with symptomatic lumbar soft
stenosis (Schizas grade scale A and B on MRI image) underwent
indirect decompression of the lumbar canal by positioning of
IntraSPINE® device by the same neurosurgeon team. All patients had
neurogenic claudication and low back pain for more than 6 months
that were resistant to physical and drug treatment. They had not other
disease conditions and co-morbidities that could affect spinal
functions or parameters of sagittal balance. Patients with degenerative
spondylolistesis greater than 4 mm translation were excluded.

Figure 2: VAS rating scale. It is a psychometric response scale. It is a
measurement instrument for subjective pain. When responding to a
VAS item, respondents specify their level of agreement to a
statement by indicating a position along a continuous line between
two end-points (0 minimum pain level; 10 maximum pain level).

Oswestry Disability Index (ODI) (Table 1) [19], Visual Analogue
Scale (VAS) (Figure 2) [20], modified Japanese Orthopaedic
Association scoring system (JOA) (Table 2) [21] were used to compare
the surgical effect and the degree of pain of patients 2 days before and
1 month after surgery.

ODI Score Description

0-20% Main Disability: Patient can cope with most ADLs. No treatment indicated except change posture, lifting, etc.

21-40%
Moderate Disablity: Patient has more pain with sitting, lifting and standing. Social life is difficult, occasionally off work. Most ADLs
and sex activity not affected. Conservative therapies not indicated.

41-60%
Severe Disability: Pain is significant problem for patient with significant problems with sleep, travel, personal care, ADLs, sexual
activity.

61-80% Crippled: Back pain has impact in all aspects of daily living and work. Surgical treatment indicated.
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81-100% Bed bound: These patients are bed bound or exaggerating symptoms

Table 1: Oswestry Disability Index (ODI) [19]. The self-completed questionnaire contains ten topics concerning intensity of pain, lifting, ability to
care for oneself, ability to walk, ability to sit, sexual function, ability to stand, social life, sleep quality, and ability to travel. Each topic category is
followed by 6 statements describing different potential scenarios in the patient's life relating to the topic. The patient then checks the statement
which most closely resembles their situation. Each question is scored on a scale of 0–5 with the first statement being zero and indicating the least
amount of disability and the last statement is scored. 5 indicating most severe disability. The scores for all questions answered are summed, then
multiplied by two to obtain the index (range 0 to 100%). Zero is equated with no disability and 100 is the maximum disability possible.

I. Subjective Symptom (9 points)
II. Ojective
observations

(6
points)

A. Low back pain A. Lasegue's sign

a. None 3 a. Normal 2

b. Occasional mild pain 2 b. 30°-70° 1

Frequent mild or
occasional severe pain 1 c. <30° 0

B. Sensory

c. Frequent or continuous
severe symptom 0 a. Normal 2

b. Mild sensory deficit 1

B. Leg pain and/or
tingling c. Severe sensory deficit 0

a. None 3 C. Muscle power

b. Occasional slight
symptom 2 a. Normal 2

c. Frequent slight or
occasional 1 b. Mild weakness 1

severe symptom c. Severe weakness 0

d. Frequent or continuous
severe symptom 0

C. Gait

a. Normal 3

b. Able to walk father
than 500 m 2

although resulting in pain,
tingling

and/or muscle weakness

c. Unable to walk father
than 500 1

m owing to leg pain,
tingling,

and/or muscle weakness

d. Unable to walk father
than 100 0

m because of leg pain,
tingling,

and/or muscle weakness

III. Restriction of activities
of daily living (14 points)

(ADL)
Severe
Restriction

Moderate
Restriction

No
Restrictio
n

a. Turning over while
lying 0 1 2

b. Standing 0 1 2

c. Washing 0 1 2

d. Leaning forward 0 1 2

e. Sitting (about 1 h) 0 1 2

f. Lifting or holding heavy
objects 0

1
2

g. Walking 0 1 2

IV. Urinary bladder
function (-6 points)

a. Normal 0

b. Mild dysuria -3

c. Severe dysuria
(incontinence, urinary
retention) -6

Table 2: Japanese Orthopaedic Association for Assessment of Low Back
Pain (JOA) (21). The score rating system is divided into a 29-point
scale of 9 points for “subjective symptoms”, 6 points for “objective
observations”, 14 points for “activities of daily living (ADL)” and minus
6 points for “bladder function”; higher point scores indicate improved
symptoms.

Five patients had an IntraSPINE® 10 mm placed at one level, 2
placed at two levels, and one placed at three levels (Table 3).

Patient Age (years)
Number of
Levels Treated VAS JOA ODI (%)

Pre/Post Pre/Post Pre/Post

Patient 1 48 L4-L5 06-Apr 07-Oct 42/28

Patient 2 66 L4-L5 07-Mar 06-Nov 42/18

Patient 3 39 L4-L5 09-Apr 05-Oct 58/26

Patient 4 78 L4-L5 08-Apr 10-Dec 32/16

Patient 5 64 L2-L3/L3-L4 08-Mar 07-Dec 40/15
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Patient 6 47 L4-L5 08-Apr 07-Dec 44/22

Patient 7 39 L4-L5/L5-S1 05-Mar 08-Oct 34/20

Patient 8 55 L2-L3/ 07-Apr 09-Nov 28/16

L3-L4/L4-L5

Table 3: Pre and post-operative clinical data.

We considered the following parameters to evaluate sagittal balance:
C7 plum line (C7PL), thoracic kyphosis (TK), lumbar lordosis (LL),
Pelvic Incidence (PI), Pelvic Tilt (PT), Sacral Slope (SS) and PI-LL<10°.

C7PL is defined as the horizontal offset from plumb line dropped
from C7 vertebral body to the postero-superior corner of the sacral
plate. It is used if a patient is in neutral, positive or negative sagittal
alignment [22]. TK is commonly defined as the angle between the
upper endplate of T4 vertebrae and lower endplate of T12 vertebrae
[23]. LL is defined as the angle between the sacral endplate and the
cranial endplate of transitional vertebrae located between the lumbar
curve and the thoracic curve [24]. In consideration of the fact that up
to 65% of the LL occurs in the extreme caudal lumbar segments [25]
we have considered L1-S1 LL to be the standard measurement for the
lumbar curve. PI is defined as the angle between a line drawn from the
center of the femoral head axis to the midpoint of the sacral plate and
the perpendicular to the sacral plate. PI defines the relative orientation
of the sacrum versus iliac [26]. PT is defined as the angle between a
line drawn from the center of the femoral head axis to the midpoint of
the sacral plate and the vertical [27]. SS corresponds to the sagittal
inclination of the sacral endplate and is defined as the angle between
the sacral endplate of S1 vertebrae and the horizontal (Figure 3) [28].
While these last two parameters are directly related by the geometrical
equation PI=PT+SS, they are not interchangeable in the evaluation of
the sagittal plane [28]. PI-LL is defined as the difference between the PI
angle and the LL angle. This parameter quantifies the mismatch
between pelvic morphology and the lumbar curve [29]. The EOS®

2D/3D system with its sterEOS 3D software for surface 3D
reconstruction (EOS Imaging, France) has been used to calculate the
above parameters. All patients had preoperative and 1 month after
surgery EOS 2D images and 3D reconstructions [30].

Figure 3: The picture shows EOS 3D reconstruction of our patient,
on which sterEOS 3D software automatically calculates the pelvic
and spinal parameters of the sagittal balance (C7PL, LL, TK, SS, PI,
PT).

Statistical analyses were performed using Stata software (version 13;
StataCorp LP, College Station, TX). Before each analysis, the Shapiro
Wilk test was used to assess the normality of distribution of variables. If
normality assumption was satisfied, parametric tests were used
(Student’s t-test, linear regression analysis), otherwise, non-parametric
equivalent tests were employed. All results were considered significant
if p<0.05.

Results
In all cases normality assumption was satisfied, so parametric tests

were used. For each parameter, we have calculated mean and standard
deviation before and after surgery.

We obtained the following results using Student’s t-test for paired
data: C7PL (pre-operative 40.75 mm (mean) ± 47.75 mm (standard
deviation) vs. post-operative 31.13 mm ± 59.46 mm, p=0.68); TK
(44.88° ± 10.78° vs. 43.75° ± 7.67°, p=0.62); LL (53.62° ± 8.37° vs.
49.38° ± 12.73°, p=0.19); PI (53.13° ± 10.82° vs. 53.38° ± 11.01°,
p=0.82); SS (35.63° ± 10.25° vs. 33.13° ± 9.42°, p=0.17) were not
modified after surgery (Table 4).

Patient PI PT SS C7PL LL TK

Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post Pre/Post

(degrees) (degrees) (degrees) (mm) (degrees) (degrees)

Patient 1 45/45 16/18 29/27 35/51 52/43 58/56

Patient 2 66/66 18/23 47/43 114/50 57/55 47/44

Patient 3 63/60 23/30 38/30 21/118 51/35 30/39

Patient 4 47/52 15/17 32/35 105/93 40/46 32/32

Patient 5 44/46 20/18 23/29 34/-56 54/57 60/48

Patient 6 69/71 16/21 53/50 34/-8 70/74 41/39

Patient 7 45/46 Sep-16 35/30 15/-28 55/49 44/41
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Patient 8 45/41 20/21 25/20 -1.103448276 50/36 47/51

Table 4: Pre and post-operative parameters for the evaluation of the sagittal balance

PT increased after surgery (17.12° ± 4.22° vs. 20.62° ± 4.44°, p=0.02)
(Table 4). In order to establish if PT modifications were age related, we
performed a linear regression analysis (using PT differences between
after and pre surgery as dependent variables and age as independent
variables). The age was not influencing the PT modifications (p=0.10).

In order to establish if PT modifications were gender related, we
performed a Student t-test for unpaired data (using PT differences
between after and pre surgery as variables and gender as group). The
gender was not influencing the PT modifications (p=0.53).

VAS and ODI (respectively: 7.25 ± 1.28 vs. 3.63 ± 0.52, p=0.0001; 40
± 9.2 vs. 20.13 ± 4.85, p=0.0001 Student’s t-test for paired data)
significantly decreased after surgery. In order to establish if VAS and
ODI difference between post and pre-surgery was related to any of
sagittal balance parameters modification, we performed a linear
regression analysis. TK, LL, PI, SS, PT, C7PL differences between post
and pre-surgery were not related to VAS modifications (respectively: p:
0.8, p: 0.53, p: 0.83, p: 0.52, p: 0.73, p: 0.90) and ODI modifications
(respectively: p: 0.43, p: 0.99, p: 0.79, p: 0.83, p: 0.56, p: 0.95).

JOA significantly increased after surgery (7.37 ± 1.6 vs. 11 ± 0.92,
p=0.0003 Student’s t-test for paired data). In order to establish if JOA
difference between post and pre-surgery was related to any of sagittal
balance parameters, we performed a linear regression analysis. TK, LL,
PI, SS, PT, C7PL differences between post and pre-surgery were not
related to JOA modifications (respectively: p: 0.95, p: 0.72, p: 0.88, p:
0.99, p: 0.82, p: 0.58).

Discussion
Spino-pelvic alignment has emergent as one of the key principles in

the understanding of pathology, response to treatment and outcome.
This applies to the range of spinal pathologies from adolescent
deformities, to degenerative pathologies, trauma and complex adult
deformity. Additionally, the concepts of spinal alignment are important
not only in the diagnosis but also in the treatment of spinal conditions
whether using non-operative, minimally invasive or through open
surgical procedures [31].

The past two decades have seen an increased interest in the analysis
of the sagittal plane in the setting of spinal pathologies and even
asymptomatic subjects [32].

The restoration of sagittal spinal balance has been directly related to
improvement of pain and function after spine surgery in various
disease states [33-36].

Sagittal spinal balance has been described as reciprocal curves of
thoracic kyphosis (TK) and lumbar lordosis (LL). The relation of the
pelvis to the spine, also described as spino-pelvic balance, is a
previously overlooked contributor to overall sagittal balance. Only
recently it has been appreciated that pelvis morphology or PI and
orientation significantly influence the sagittal spinal geometry,
specifically LL, in normal and disease states [26,28,37]. Abnormal PI
and spino-pelvic parameters are central to the development and
progression of many spine diseases, including isthmic spondylolysis

(IS) and spondylolisthesis and, a variety of other spinal pathologies
[38].

Literature has repeatedly shown that spino-pelvic alignment is a
primary determinant and strongly correlates with patient-reported
outcomes, as measured by pain and disability. In 2002, work by Schwab
et al was the first to correlate a main driver of sagittal malalignment,
lack of lumbar lordosis with a patient reported outcome: VAS [39] and
later with Scoliosis Research Society questionnaire (SRS-22) and ODI
[40]. Shortly after, Glassman reported that lumbar kyphosis was very
poorly tolerated by patients [33]. In 2013, Schwab’s team again
reported that the lack of harmony between PI and LL, quantified by the
PI-LL mismatch was significantly correlated with pain and disability
[41]. Dubousset and Duval-Beaupère emphasized the importance of
incorporating the pelvis in spinal malalignment assessment [42,43].
Following that, an increased interest in the correlation of PT and
health related quality of life (HRQOL) outcomes has emerged. Lafage
et al. in a series of 125 adult deformity patients, reported a significant
correlation between PT (pelvic retroversion) and HRQOL outcome
scores [44]. More recently, Blondel et al. have reported high
correlations of Sagittal Vertical Axis (SVA) and HRQOL underlining
the role of spino-pelvic sagittal parameters as the main driver of
disability for adult spinal deformity (ASD) patients [45]. The same
team in another study [41] of 492 patients demonstrated that SVA was
one of the parameters the most correlated with the ODI (r=0.469).
Accordingly, using retrospectively collected HRQOL and radiographic
data, Schwab et al [29] have proposed three thresholds values of
sagittal spino-pelvic alignment that must be achieved postoperatively
following spinal reconstructive procedures in order to obtain
satisfactory outcomes. These values include: 1) SVA less than 50 mm,
2) PT less than 20° and, 3) LL proportional to the PI, whereby PI-
LL=10°. These data were the first to provide surgeons with defined
threshold spino-pelvic parameters to evaluate patients and guide spinal
reconstructive procedures. Several studies have demonstrated that the
correlation of the sagittal malalignment implies a clinical benefit for
the patients [45,46]. Blondel et al. [45] underlined that the correlation
of the SVA improves the clinical outcomes of patients at 2 years. This
improvement was even more substantial if the restoration of the
sagittal global alignment was complete.

Following the latest research that correlates spino-pelvic
radiographic parameters to clinical outcomes, sagittal malalignment
has been established as a potentially very disabling condition
[29,34,40,41].

Sagittal balance can be difficult to measure accurately. Patients can
assume many different compensatory postures, including a retroverted
pelvis, extended hips, flexed knees, and dorsiflexion of the ankles to
pull their head back over their pelvis [47]. Digitalized teleradiography
in standing position allows a good evaluation of the sagittal balance
and is the most commonly used system today, but the EOS X-rays
brought a real progress for the study of the pelvi-spinal balance
avoiding vertical parallax distortion with a very low dose of radiation
[48]. This system is based on the use of a high sensitive detector
developed by Dubousset et al. [18,30]. This collimated detector is
mechanically coupled to an X-ray tube in a stiff gantry out a fan-
shaped strongly collimated X-ray beam. The simultaneous use of two
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X-ray tubes and two detectors, placed in two orthogonal planes in the
gantry allows a simultaneous acquisition of lateral and frontal views.
These two devices scan the body of the patient, in a standing position,
on a vertical distance varying from 5 to 180 cm [49]. This system
allows a very important reduction of the X-ray dose of an order of
80-90% versus conventional or digitalized radiographs [48]. An
important dynamic range of 30000 gray levels and a pixel size of 250 m
give good quality images [48] with a simultaneous visibility of thinnest
regions as well as the thickest ones. Absence of parallax explains the
lack of distortion of the anatomical structures. At last, with an
appropriate software and a “bone morphing” technique, the
simultaneous acquisition of sagittal and frontal views with identical
anatomical landmarks in frontal and sagittal planes, makes possible the
construction of a three-dimensional bone envelope weight bearing
image of spine, pelvis and lower limbs which can be secondarily
extracted and studied in all the planes of the space [47].

In this study we have focused our attention on the sagittal balance
before and after the implantation of IntraSPINE in order to confirm
that these devices do not modify this parameter. This study represents
the first assessment of the sagittal balance after the implantation of a
posterior dynamic device using the EOS® X-Ray imaging system. The
IntraSPINE device is an intralaminar device used as a dynamic
stabilization for the treatment of various degenerative diseases of the
lumbar spine. Its main indication is the soft stenosis and foraminal
stenosis with or without instability in symptomatic patients unable to
undergo major spine surgery. In our study we considered C7PL, TK,
LL, PT, PI and SS to evaluate sagittal balance.

C7PL is a useful metric parameter because it conveys a quick and
unambiguous description of a trunk’s general alignment. It is highly
sensitive to any deviation of the spinal curvature and can be masked by
the pelvic retroversion. The measurement of C7PL is dependent on
patient position and the rotation of the pelvis [22]. Bridwell [50]
defines as the C7PL within 6 cm of the posterior-superior corner of the
S1 body. In our series C7PL was not significantly modified after
surgery (p=0.68); and post-operative values return to normality (31.13
mm ± 59.46 mm).

The average TK in an asymptomatic adult subject varies from 34° to
44°, with extreme values spanning from 0° to 76° range [23]. We found
that TK was not significantly modified after surgery (p=0.62) and post-
operative values return to normality (43.75° ± 7.67°).

The mean reported values for LL on asymptomatic adult subjects
varied from 43° to 63° with a standard deviation around 10° and
extreme values spanning from 30° to 80° range. LL should be subject-
specific and estimated based on the pelvic incidence (and the age of the
subject) [51]. LL was not significantly modified after surgery (p=0.19)
and post-operative values return to normality (49.38° ± 12.73°).

PI was not significantly modified after surgery (p=0.82); because PI
is a morphological parameter, the term “normal” is debatable.
Nevertheless, the reported average value in asymptomatic adult
subjects is 52° ± 10° with lower values around 35° and higher values
near 85° [28]. The post-operative values return to normality (53.38° ±
11.01°).

SS was not significantly modified after surgery (p=0.17); the average
SS in asymptomatic adult subjects has been reported to be 41° ± 8°
(28). SS is affected by patient’s position. The post-operative values
return to normality (33.13° ± 9.42°).

We noticed that the IntraSPINE device determines a straightening
of the spine (LL, SS, C7PL, TK decreased) without causing a global
misalignment.

PT significantly increased after surgery (p=0.02) (17.12° ± 4.22° vs.
20.62° ± 4.44°); the PT is a dynamic parameter that also changes
through rotation of the pelvis about the hip axis. The average PT in
asymptomatic adult subjects has been reported to be 13°± 6° (52). PT
increases over the course of childhood, and studies on children have
shown that they exhibit a smaller PT at the age of 7 years old (4°), than
they do as adolescents (8° in 13 years old subjects) [52]. Positive values
of PT denote posterior rotation of the pelvis (e.g. retroversion), and
negative values denote an anterior rotation (e.g. anteversion) [27].

In our series age and gender were not related to PT modifications
(p=0.10 and p=0.53, respectively).

Despite of a PT significantly increased after surgery, we have noticed
that this did not compromise the LL and the general alignment.

Pelvic morphology and orientation determines the position of the
lumbar spine. In an asymptomatic adult, a high correlation has been
demonstrated between LL and SS (r: [0.65;0.86]), while the correlation
between LL and PI is slightly weaker (r: [0.60;0.69]). No correlation
between LL and the PT has been reported in the literature [24].
Instead, C7PL gives an idea about the general alignment of the trunk
and highly sensitive to loss of LL [33].

Based on these findings and, more specifically, the strong
correlation between the SS and the LL, Roussouly et al. studied a group
of asymptomatic volunteers to define four types of LL [24]. The first
two types are associated with a low SS (<35°) and low PI: type 3 is a
well-balanced lumbar spine with SS ranging from 35°-45°, and type 4,
is a balanced spine with accentuated curves throughout the thoracic
and lumbar spines. While the type one is somewhat unique, the type
two to four illustrate that lordosis increase with SS (Figure 4).

Figure 4: Roussouly classification. The first two types are associated
with a low SS (<35°) and low PI: type 3 is a well-balanced lumbar
spine with SS ranging from 35°-45° and type 4, is a balanced spine
with accentuated curves throughout the thoracic and lumbar spines.
While the type one is somewhat unique, the type two to four
illustrate that lordosis increase with SS [24].

In our series, we had a preoperative type 3 and a post-operative type
2, with a pelvic retroversion (SS decreased and PT increased).

Schwab et al. stated that attention to PT is necessary to obtain
optimal outcomes following realignment procedures. Schwab proposed
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a threshold of 20° of PT and showed that increase retroversion
correlates to impairment in walking endurance and quality of life [29].

In an effort to offer a simple estimate of the LL required, a new
parameter has recently emerged: “PI-LL”. This parameter quantifies the
mismatch between pelvic morphology and the lumbar curve; the
authors suggested to target a PI-LL below the 10° threshold in order to
reach a satisfactory spino-pelvic alignment [29].

In our series post-operative PI-LL value was 4°<10°.

All our patients after surgery have maintained a good spino-pelvic
alignment and a significantly improvement of clinical outcomes. In fact
VAS and ODI significantly decreased after surgery (p=0.0001 for both)
and JOA significantly increased after surgery (p=0.0003).

Evaluation scores, such as VAS, JOA and ODI, are currently applied
in our clinical practice, as they offer an immediate numeric evaluation
of clinical outcome, easily comparable with the preoperative one. JOA
score give an immediate overview on neurological status, ad it includes
objective parameters regarding pain (Lasègue evaluation) and
radicular assessment as motor, sensitive and bladder function. This
evaluation needs to be performed by a physician. VAS and ODI
evaluations provide complementary information about subjective
perception of lumbar pain: VAS score is a simple numeric value of
overall pain feeling, while ODI evaluation includes impact of pain on
daily activities and quality of life. In our experience combination of
objective and subjective evaluation offers a better comprehension of
clinical outcome.

Conclusion
This is the first study to examine sagittal balance on the EOS® X-Ray

system after the implantation of IntraSPINE device. The results show
that the posterior dynamic stabilization offered by this device leads to a
good symptoms control and does not seems to change the sagittal
balance. However, this represents a preliminary study on a small
cohort of patients and further studies further studies are granted to
clarify this issue.
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