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A review of the literature on performing spinopelvic fixation for injuries and various pathologies of the spine and pelvis is presented. The

review is analytical in nature and was carried out using databases of medical literature and search resources of PubMed and eLibrary. The

following aspects are highlighted: the relevance and indications for performing spinopelvic fixation and its anatomical and biomechani-

cal features. The historical aspects of the development of methods for performing spinopelvic fixation are considered and structured. The

analysis of various methods of spinopelvic fixation (using hooks, screw insertion into the S2 sacral wings, L-shaped Luque rods, distrac-

tors, transiliac rods, Jackson, Harrington and Galveston techniques) was carried out. The features of surgical techniques, their advan-

tages, disadvantages and complications are considered.
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Spinopelvic fixation is becoming increas-
ingly important in spine surgery. If earli-
er the main indications for its use were
deformities associated with pelvic torsion
(neuromuscular scoliosis), then with the
expansion of surgical activity, an increase
in the number of spinal osteotomies,
sagittal balance correction of the trunk,
the question of performing spinopelvic
fixation has acquired a new significance.
The anatomic features of the lumbosacral
spine as a transitional zone, complex
biomechanical interactions, as well as its
crucial role for the entire axial skeleton
define the relevance of the spinopelvic
fixation performance.

This paper presents the first part of
the literature review on spinopelvic fix-
ation. The search is performed in the
PubMed and eLibrary databases.

The objective is to analyze features of
anatomy and biomechanics of the lum-
bosacral spine in relation to spinopelvic
fixation, to identify the main indications
for its implementation, to present tech-
niques of spinopelvic fixation, their char-
acteristics, advantages and disadvantages.

The first part of the article discusses
techniques that are already of historical

interest. Nevertheless, some of them are
implemented and developed at the cur-
rent stage of spine surgery.

Anatomical and Biomechanical
Features of Spinopelvic Fixation

Lumbosacral junction is one of the so-
called transitional zones of the spine. It
makes the transition from a relatively
mobile lumbar spine to a rigid pelvic
ring. After that, there is a further
redistribution of the load to the lower
limb girdle. The biomechanics of this
segment is complex. It is driven by a
number of human traits, including his
postural characteristics and upright
posture. The exercise stress on the
lumbosacral spine is extremely high.
The force effects passing through
the lumbosacral junction includes an
axial load. It is almost 3 times higher
than the body weight during physical
exertion. In everyday activity, this area
is exposed to the shear load caused
by the anatomy of the lumbosacral
spine and lumbo-pelvic interrelation,
including lumbar lordosis, pelvic
incidence (PI) and others, and also the
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complex loads that arise during flexion,
extension and rotation of the trunk.
In forward inclination of body, the
lumbosacral spine suffers shear loads of
up to 100 N [1].

The sacrum is composed mainly of
spongy bone tissue with a relatively thin
cortical box. The S1 pedicles are wide
and, regardless of the shape of the screws
used, are not in close contact with the
tubular bone, which downgrades the
strength of their fixation. The small
anterior-posterior size of the sacrum
limits the length of the screws used [2,
3]. If osteoporosis is present, it signifi-
cantly lowers the fixation strength of the
screws in the sacrum.

Therefore, the difficulty in achieving
stable fixation of the lumbosacral spine
is related both to the unique features of
this anatomical area and to the high bio-
mechanical loads on it.

We consider the so-called short fixa-
tion involving one or more caudal seg-
ments of the lumbar spine and sacrum
(lumbosacral fixation) up to the S1 ver-
tebra, also to a certain extent a type of
spinopelvic fixation. It is anatomically
and biomechanically justified to consider
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the sacrum as a part of the pelvis. The
experience gained in the use of extended
fixation up to the L1 vertebra and crani-
ally defines the relevance of addition-
al spinopelvic fixation, the use of more
reliable instrumentation techniques and
spinal fusion.

In 1992, McCord et al. [4] performed
a biomechanical study on cattle spinal
segments and assessed 10 techniques
of spinopelvic fixation. By analogy with
the lever system, McCord introduced the
concept of a “pivot point” in the lumbo-
sacral joint. The authors believe that the
pivot point of the lumbosacral spine is
located in the so-called middle osteoli-
gametous column between the L5 and S1
vertebrae. The middle osteoligametous
column, in turn, is represented by the
posterior vertebral bodies of L5 and S1
and the posterior annulus fibrosus with
a part of the posterior longitudinal liga-
ment (Fig. 1).

According to the obtained data, the
more anteriorly the fixator is located
from the pivot point, the stronger the
fixation (Fig. 2). The strongest fixation
was identified when using screws or rods
installed in the iliac bones. The authors
also concluded that the installation of
screws through the sacroiliac joint is
meaningful only if they are of sufficient
length. They should be located anteri-
orly to the pivot point. In turn, the use
of Harrington and Lugue techniques for
spinopelvic fixation is not justified due
to insufficient strength.

O’Brien [5] identified 3 fixation zones
in the sacropelvic segment (Fig. 2): I —
S1 vertebral body, cranial parts of the
sacral wings; II — lower parts of the
sacral wings, sacrum from S2 to coccyx;
III - iliac bones on both sides. He notes
that the fixation strength increases from
zone I to zone III. Zone III has the high-
est mechanical strength during the pull-
out test and during flexion-extension.
Additionally, the location of the screws
or rods in the iliac bones, i.e., in the most
stable fixation zone, allows the implants
to be placed much more anteriotly from
the McCord pivot point, which also
enhances the fixation stability.

Indications for Spinopelvic Fixation

There are several main indications for
spinopelvic fixation [7-12].

1. Prolonged instrumental fixation
of the spine involving the sacrum. It is
the most frequent indication for spino-
pelvic fixation. During extended fixa-
tion involving the sacrum, an extreme-
ly high flexion load arises, aggravated
by the lever effect at the lumbosacral
joint (Fig. 3) [9]. Cunningham et al. [13]
demonstrated that fixation above the
L3 vertebra significantly increases the
load on the screws in the S1 vertebra.
The strengthening of the distal part of
the fixation by iliac screws decreases
the load on the screws in the S1 verte-
bra. The proximal fixation point, which
would be an indication for spinopelvic
fixation, is not clearly identified. Accord-
ing to some authors, spinopelvic fixation
should be performed if the instrumenta-
tion is performed from the S1 to L2 and
above. According to others — if above
the level of the thoracolumbar junction
[14-16).

2. Correction of lumbosacral defor-
mities. Severe deformities followed by
sagittal and frontal imbalance often
require three-column osteotomies, which
results in destabilization. In this case, spi-

nopelvic fixation ensures, in fact, ade-
quate spine stability [17-19]. Addition-
ally, there is an additional leverage when
correcting spinal deformity and pelvic
torsion.

3. Surgical treatment of severe spon-
dylolisthesis. Analysis of the treatment
outcomes of 3—4 grade spondylolisthesis
revealed a high level of destabilization of
fixation at the S1 vertebra with reduction
loss, if the posterior instrumental fixation
is not complemented by spinopelvic fixa-
tion |20, 21]. Biomechanical and clinical
studies have shown that spinopelvic fixa-
tion in severe grades of spondylolisthe-
sis ameliorates the treatment outcomes
and downgrades the complication rate
[22-24).

4. The correction of neuromuscular
deformities followed by a pronounced
pelvic torsion. The application of fixing
elements only up to the sacrum does not
ensure proper stabilization or sufficient
leverage for corrective maneuvers in neu-
romuscular scoliosis with pronounced
pelvic torsion [25-27).

5. Fractures of the sacrum and pelvis
with the manifestation of lumbopelvic
dissociation. Spinopelvic fixation in such
cases permits both to achieve stable fixa-
tion with the elimination of instability

Middle osteolipametous

PIVOT
POINT

column

Posl.long. 1g.
Pos}.vert.body

Fig. 1

The pivot point of the lumbosacral spine according to McCord et al. [4]
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Fig. 2

The location of the implants relative to the McCord pivot point [6]

and pain syndrome, and to perform the
apposition of bone fragments [28-30].

6. Bone defects of L5, S1 as a result of
tumor, inflammatory or other destruc-
tive processes.

7. Oncological surgeries requiring par-
tial or complete resection of the sacrum.

8. Unsatisfactory outcomes of pre-
viously performed surgeries: pseudoar-
throsis at the L5-S1 fixation level, frac-
tures and instability of surgical hardware,
osteoporosis [12].

Techniques for Spinopelvic Fixation

Spinal fusion in situ. The spinopelvic
fixation until the 60s of the last century
was reduced to spinal fusion with bone
grafting in situ, which needed prolonged
brace immobilization. Nevertheless, the
frequency of bone block formation
failure was extremely high. It was
observed in more than 50 % of cases [31].
The poor results were a strong incentive
to the development and implementation
of various fixators that could reduce the
need for long-term loads limitation and
improve the ossification.

The Harrington technique of spinopel-
vic fixation. It was Harrington [32] who
in the 60s of the 20th century developed
the first widely used instrumental sys-
tem for the scoliosis correction. It con-
sisted of rods and hooks to enable con-
traction and distraction. The hooks were
anchored in the arch or transverse pro-
cesses. It was also possible to focus on
the arches of the S1 vertebra, thereby
performing spinopelvic fixation. How-
ever, this technique was associated with

a huge number of instability cases. For
improving the outcomes of spinopelvic
fixation, Harrington proposed the appli-
cation of a special transverse sacral rod.
The technique consisted of installing
threaded rod in iliac wings through two
additional incisions. The rod was stabi-
lized by tightening with nuts. Then the
distal ends of the Harrington distractors
were attached to it. However, this did
not allow to avoid a high frequency of
unsatisfactory results. These included up
to 40% of pseudoarthrosis of the lumbo-
sacral segment and 26 % of hook instabil-
ity [31]. The Harrington instrumentation
also did not have sufficient stability dut-

Fig. 3

The load pulling out the screws in
the S1 vertebra when the trunk is
pitches forward [10]
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ing flexion and rotation, as well as lean-
ing laterally [31, 33]. Additionally, due to
a decrease in lumbar lordosis, it resulted
in the flat back syndrome [31, 34].

Kazmin’s distractor. Beginning in
the 60s of the last century, AL Kazmin
applied the technique of scoliotic defor-
mity correction with the help of an
original distractor [34]. The lumbar sco-
liotic curve was corrected using distrac-
tors, which bumped distally into the ili-
ac crest, proximally into the transverse
process of the vertebra. We believe that
this technique can be legitimately attrib-
uted to spinopelvic fixation. This is sup-
ported by the fact that the technique is
applied in the spondylolisthesis treat-
ment, as well as after sacral tumor resec-
tion (Fig. 4) [35]. The distractors did not
have the ability of primary rigid fixation.
This was primarily related to the lack of
rotational stability. It required a long
period of loads limitation in the form
of bed rest and rigid bracing before the
bone block formation. But at that time,
the use of distractors allowed to signifi-
cantly improve the treatment outcomes
of spinal deformities. The distractions
have become redundant only with the
introduction of segmental fixation of the
spine and TPF.

Fixation by L-shaped Luque rods. An
essential stage in the instrumental fixa-
tion of the spine, including the imple-
mentation of spinopelvic fixation, was
the technique proposed by Luque. The
technique was developed in the 70s of
the 20th century; the first papers were
published in the 80s [36—38]. The con-
cept of segmental fixation of the spine
was firstly introduced by the Luque sys-
tem. The rods were fixed by a sublami-
nar wire. Therefore, there was a possi-
bility of direct multilevel impact on the
spine segments. This technique differed
from the direct impact only on the cra-
nial and caudal hooks when using dis-
tractors. The instrumentation enabled
contouring and thereby correction to be
done not only in one plane, providing an
opportunity to preserve lumbar lordosis
[14, 31]. In order to perform spinopelvic
fixation, it was suggested to bend the
rods at the distal end almost at a right
angle and insert their short part into the
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iliac bones, similar to the Harrington rod
[36, 38). King et al. [39] later modified
the design for spinopelvic fixation, add-
ing the option of fixing the rods inserted
into the iliac crests by bolts (Fig. 5). How-
ever, this design was not ideal from a bio-
mechanical point of view. The rods were
not connected to each other, and thus
there were piston-like movements. There
was also a comparatively low stability
of the structure with respect to torsion
and flexion loads [33, 40]. Generally, the
level of pseudoarthrosis with the Luque
instrumentation was lower than with the
Harrington one (6 vs. 41 %) [15, 41-43].
It should be noted that the damage to
the roots during wire conduction is one
of the complications [15].

Galveston technique. In 1982, Allen
and Ferguson, who worked at the Texas
Medical University in Galveston and col-
laborated with Luque, offered an origi-
nal technique for pelvic fixation [44].
The new concept was the introduction
of modeled rods through the posterior
superior iliac spine into the iliac bones
towards the large sciatic notch on both
sides (Fig. 0).

After that, the rods were fixed to the
lumbar and thoracic spine using a sub-
laminar wire. The implementation of the
Galveston technique in the 80s of the
last century considerably improved the
surgical outcomes for extended fixations
with spinopelvic fixation and decreased
the incidence of pseudoarthrosis [41, 46].
One of the disadvantages of the Galves-
ton technique is the micromotion of
the rods in the iliac bones, which, along
with the stress on them after deforma-
tion correction, according to a number of
authors, results in the osseous resorption.
The so-called wiper effect occurs [27]
with subsequent destabilization [27, 47].
It must also be mentioned that the cor-
rect flexing of the rods is technically not
an easy task. This challenge was solved in
due time by the release of a line of pre-
curved rods, which, being connected to
each other in the proximal part, elimi-
nated the need to install a framing spac-
er. Nevertheless, many surgeons simply
cut off the upper joint of the rods, ratio-
nalizing this by the need for an accurate
adjustment of the rod length [9]. There

are reports of the high efficiency of the
suggested technique of spinopelvic fixa-
tion: according to a number of authors, 4
bone block was formed in 88.0-93.7 % of
cases [27, 46, 48]. However, some authors
have also reported that the use of this
technique results in a greater incidence
of pseudoarthrosis in adult patients with
deformities compared to patients with
neuromuscular scoliosis [49]. The tech-
nique, also known as Luque — Galveston,
has long been regarded as the gold stan-
dard in the treatment of spinal deformi-
ties with pelvic distortion. Up to now,
this method is applied in a number of
hospitals. The very idea of conducting
rods into the iliac bones and using the
latter as a fixation area and support was
an advance in the development of tech-
niques for spinopelvic fixation. There is
no doubt that this idea resulted in the
further appearance of transiliac screws
installation technique.

Cotrel — Dubousset instrumentation.
Introduced in the 80s by Cotrel and
Dubousset, the system continued the
principles of segmental fixation and cor-
rection of deformities. It included locking
hooks and monoaxial screws [50, 51]. In
addition to the possibility of a more sta-
ble fixation compared to the wire, as well

Fig. 4

The use of AL Kazmin’s distractor
for spinopelvic fixation after sacral
chordoma resection [35]
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as the opportunity for correction, includ-
ing the technique of derotation in scolio-
sis, this system allowed for spinopelvic
fixation. The performance of spinopelvic
fixation only with screws or hooks that
are fixed behind the S1 vertebra demon-
strated low efficiency. The incidence of
pseudoarthrosis reached 30-40 %, and
complications associated with implants —
up to 70 % [40]. The screw removal from
the S1 vertebra reached 44 % [52]. Nev-
ertheless, the Cotrel — Dubousset sys-
tem has been greatly developed with the
improvement of tools, procedures for the
application and introduction of addition-
al elements, in particular for spinopelvic
fixation.

Fixation with hooks. The laminar
hooks can be used to fix the instrumen-
tation behind the sacrum. There are two
ways of positioning the hooks, both cau-
dally and cranially, and they are located
in the intervertebral foramen of S1, S2
and S3. The hooks can be arranged in the
form of a crab grip or as an addition to
the screws transmitted in the S1 vertebra.
Stovall et al. [53] demonstrated that the
use of hooks in addition to fixing with
screws in the S1 vertebra increases stabil-
ity. However, it is known that lumbosa-
cral fixation with hooks and sublaminar

Fig. 5

Spinopelvic fixation with L-shaped
rods in the modification of King et al.
(9]
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wire does not ensure sufficient stabili-
zation and resistance to rotational and
flexion loads [8, 34, 49]. Therefore, the
use of hooks can only be regarded as an
additional option to fixing with screws.
Jackson technigue. In 1993, Jackson
and McManus [54] studied the anatomy
of the sacrum according to CT scans.
They argued for the possibility of install-
ing rods in the lateral mass of the sacrum
when performing spinopelvic fixation
(Fig. 7). In theory, the advantages of such
fixation were the following: good resis-
tance to the loads occurring when the
trunk is tilted forward, and the absence
of involvement in the sacroiliac articula-
tion fixation. Nevertheless, technically
there is a rather complicated contouring
of the rods for inserting them into the
sacrum and laying them into the screws
inserted into the S1 vertebra. Additional-
ly, there are doubts concerning the fixa-
tion stability in osteoporosis. There are
also contradictory biomechanical stu-
dies of fixation stability by this technique
[55, 50]. Nevertheless, there are reports of
the successful application of this tech-
nique in the surgical correction of sco-
liosis in children [57]. In 2014, Fukuda
et al. [58] have described a modification
of the Jackson technique with the use of
intrasacral insertion of polyaxial screws.
It resulted in avoiding the complexity of
contouring and installation of the rod.

Fig. 6
Luque - Galveston spinopelvic
fixation [45]

Dunn — McCarthy technique. 1t is
especially difficult to implement correc-
tive deformities in children with eatly
development of scoliosis, having severe
congenital deformities of the spine.
McCarthy et al. [59], noting that in neu-
romuscular deformities, the iliac bones
are often thinned, they suggested using
a specially curved rod with its resting
against the sacrum wings (Fig. 8).

The authors have published an article
on the analysis of the surgical outcomes
of 24 patients with neuromuscular sco-
liosis using Luque fixation and the rest-
ing of a curved rod against the sacral
wings [59]. This technique of supporting
of rods by iliac wings is still topical. It is
used in the treatment of children with
severe congenital spine deformities [01,
02). The main complications of this pel-
vic fixation technique are the possibility
of the S-shaped end of the rod sliding
laterally or medially along the iliac crest,
the development of the inflammatory
process and the pain. Walick et al. [63)],
after performing a retrospective analy-
sis of data on 49 patients treated using
the Dunn - McCarthy technique, report
the neuropathic pain in the leg in 14 %
of cases due to irritation of the L5 root
by the medially located intrapelvic rod
end. Ramirez et al. [64] performed a mul-
ticenter study and studied the results of
the use of VEPTR with spinopelvic fixa-
tion with 2 Dunn — McCarthy rod in 65
patients suffering from infantile scolio-
sis. The above-described complications
were identified in 50 % of cases, to which
fractures of the distal part of the struc-
ture and its instability were added [64].
The authors emphasize that the use of
this instrumentation is justified in the
treatment of progressive infantile scolio-
sis in the absence of another possibility
of spinopelvic fixation. The number of
complications is related not only to the
severity of clinical manifestations, but
also to the placement of the S-shaped
hook. According to the authors, the sup-
port of the S-shaped rod end according
to Dunn — McCarthy should be made
within the middle third of the iliac crest
(Fig. 9).

Warner and Fackler [65] modified the
Dunn - McCarthy fixation technique for
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the treatment of children with kyphotic
deformities associated with myelodys-
plasia. After giving a Z-shape to the distal
end of rod, they led it through the first
posterior sacral foramina, then through
the sacral canal and the anterior sacral
foramina. The support obtained in this
way allowed the rod to be effectively
used as a lever and to correct kyphotic
deformity. Odent et al. [66] published the
papers of using modified Dunn — McCar-
thy rods for the correction of severe
kyphotic deformities in children with
meningomyelocele in the second stage,
the authors made an extended anterior
spinal fusion.

Fixation with screws to the sacral
wings, iliac bones and S2 vertebra.
Anchorage to the sacrum, in addition
to the screws in S1, can be the installa-
tion of screws in the sacral wings. The
screws are inserted outward into the
sacral wings and can be connected to
the rod mounted above and onto the
screws in the S1 vertebra through the
sacral plates, Chopin blocks. According
to biomechanical studies, lumbosacral
fixation, combining divergently directed
screws in the S1 vertebra, sacral wings
and iliac wings, significantly outperforms
fixation with screws only in the S1 verte-
bra [67]. A biomechanical comparison of
spinopelvic fixation by Luque — Galves-
ton and using Chopin blocks showed
similar fixation strength by both tech-
niques [68]. It must be noted that the use
of plates imposes some restrictions on
the choice of the screw insertion point
and their direction. Another disadvan-
tage is that the spongy bone tissue of the
sacral wings is weak for fixing the screw.
A bicortical screw is also available. How-
ever, it is not recommended, since the L5
nerve root and common iliac veins and
arteries are located on both sides of the
anterior surface of the sacral wings, and
consequently there is a high probability
of their injury [3]. An additional tech-
nique for strengthening the fixation to
the S1 vertebra is the insertion of screws
in §2. The pedicle of the S2 vertebra is
short, and, probably, fixation is done
to a greater extent due to the posterior
vertebral cortical rim. A bicortical inser-
tion is hazardous by damage to the large
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Fig. 7

Jackson technique of lumbosacral fixation with rods [54]

Fig. 8

Dunn — McCarthy technique of lumbosacral fixation with rods [60]

intestine. It has been biomechanically
proven that a greater degree of fixation
is obtained with the diverging direction
of the screws [69].

Park et al. [70] suggested a diago-
nal screw insertion technique into the
S2 vertebra and, in fact, into the sacral
wings. In 2013, the authors published
the results of using this technique in 13
patients with extended lumbosacral fixa-
tion. All but one of the patients had good
results in the long-term period averaging
26.6 months. The insertion of the screws
from the bottom up and laterally into
the sacral wings allowed the use of rela-
tively long screws (50 mm, diameter 6.0

mm). In order to prevent possible com-
plications, the screws were transmitted in
monocortical manner. The authors sug-
gest their technique as an alternative to
iliac screws, which, of course, is of inter-
est. However, it requires more studies.
Transiliac fixation. The concept of
Harrington with a transverse rod trans-
mitted through the iliac bones was fur-
ther developed. Widmann and Hresko
[71] suggested their modification of the
Harrington transiliac rod, using addition-
al fixation with transverse connecting
beams and connectors from the Cotrel —
Dubousset system. The authors used the
technique in 10 children and adolescents

105

with neurogenic and congenital defor-
mities and observed its effectiveness. No
more papers on this technique have been
found.

Kostik [72, 73] proposed using a rod
without a thread, unlike Harrington,
which could be installed without addi-
tional incisions. The rod was contoured
along the surface of the sacrum, attached
to the screws in the S1 vertebra and con-
nected to the superposed structure. Kos-
tuik [73] points out that anterior L5-S1
fusion is required to achieve sufficient
stability. Despite the high efficiency of the
technique described by the author with
the fusion formation in 97 % of cases [73],
no articles analyzing the outcomes on
this topic have been published [7].

In 2019, Ozdemir et al. [74] proposed
their own modification of the Kostuik
transiliac fixation using connectors of a
special shape for connecting the trans-
verse rod to the main structure. After
analyzing the treatment outcomes of 21
patients with neuromuscular deformities,
the authors point out the high efficiency
of the proposed technique and the possi-
bility of using it as an alternative to other
modern methods of lumbopelvic fixation.
We believe that this technique, due to the
relative simplicity and safety of imple-
mentation, deserves consideration and
analysis of long-term results for a more
accurate evaluation.

In a certain sense, the idea of trans-
abdominal fixation is reflected in the
so-called T-Constructs (Fig. 10), the suc-
cessful use of which is characterized in
the treatment of neuromuscular scolio-
sis. The transversely positioned rod was
fixed to the screws in the S1 vertebra
and with a screw inserted into the iliac
bones [75, 76)].

Conclusions

The spinopelvic fixation is one of the
most urgent problems of spine sur-
gery. The anatomical and biomechan-
ical studies performed, the analysis of
errors and complications result in the
improvement of techniques. The main
indications for spinopelvic fixation have
been determined. Nevertheless, the high
operational activity in the treatment
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Fig. 9

[64]

A positioning option for the S-shaped hook in Dunn — McCarthy spinopelvic fixation

Fig. 10

Variants of spinopelvic fixation using a T-Construct [60]
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of spinal pathology, the widespread
introduction of corrective operations,
osteotomies identify new indications
and cause the emergence of new issues
for surgeons. The historical evaluation
of the development of methods of
spinopelvic fixation is essential for the
further evolution of surgical techniques
and instrumentation. Something, of
course, remained only as a history.
Some techniques are being improved
and applied nowadays. Nevertheless,
it is indisputable that this knowledge
provides a significant foundation for
further development.

A literature review of the current
standard of spinopelvic fixation via ili-
ac screws, as well as the performance of
fixation in non-standard situations and
an analysis of the role of anterior fusion
will be described in the second part of
the article.

The study had no sponsors. The authors declare that
they bave no conflict of interest.
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