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Abstract

Purpose The sacrum is a mechanical nucleus working as the base for the spinal column, as well as the keystone of the pelvic ring.
Thus, injuries of the sacrum can lead to biomechanical instability and nerve conduction abnormality.

Methods The common classification is the Denis classification, but these fractures are often part of a lesion of the posterior pelvic
ring and therefore the Tile classification is very useful. The goals of operative intervention are to reduce fracture fragments,
protect neurological structures, and provide adequate stability for early mobilization.

Results The stabilization of these injuries can be difficult even in a patient with adequate bone stock and concomitant medical
comorbidities. The posterior-ring tension-band metallic plate and sacroiliac joint screw are two commonly used methods for

posterior internal fixation of the pelvis.

Conclusions In this study, we evaluate the differences, in the treatment of sacral fractures, between the two techniques, revising

the literature and our experience.

Keywords Sacral fractures - Fixation fractures - Danis’classification - Pelvic ring posterior - Sacral plate - Transiliac-transsacral

screw - Review - Clinical outcame - Comparision treatment

Introduction

Sacral fractures are often due to high-energy traumas and are
connected to fractures of the pelvic ring (pubic symphysis,
sacroiliac joint). They are rarely associated with acetabular
fracture [1].

The diagnosis of isolated sacral fracture is often unknown
since patients show faint pain, which is often taken for low
back pain, and appear neurologically intact [2]. Actually, since
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patients show no neurological symptoms, in 75% of cases,
treatment of these fractures is conservative [3, 4]. Therefore,
accurate clinical examination and I and II level imaging exams
(X rays, CT imaging and RMN) are fundamental in order to
classify and frame the fracture pattern and choose the type of
treatment.

The aims of our article are to review the literature on the
subject and study our casuistry by evaluating remote results
according to the type of fracture and surgical treatment.
Retrospective clinical evaluation was performed through two
scores (Hannover Poltrauma Score and Sf 36) from January
2012 to December 2017.

The sacrum bone consists of five vertebrae which fuse
gradually and completely during adulthood [5]. The only
joints that do not fuse are L5-S1 with intervertebral disc inter-
position, the sacroiliac joint and finally, the sacrum coccyx
joint between S5 and the coccyx. With this regard, however,
several anatomical variables should be examined while plan-
ning synthesis in this anatomical region [6].

The lumbosacral articulation is the part of the vertebral
column with most anatomical variables. Such sacral
dysmorphiais found in 30%—40% of patients [6, 7].
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Actually, the number of vertebrae in the thoraco-lumbar-sacral
region is the same, but the levels of sacral fusion may change.
“Transition defects” between L5 and S1, that may be total or
partial, alter the anatomy of the sacral ala and the inclination of
the sacrum bone itself.

Therefore, trans-iliac-sacral screw synthesis must not leave
aside accurate, preoperative x-ray imaging, three projections
at least (anterior posterior, inlet, outlet), of the hip bone and
CT imaging [6-8].

For instance, in case of L5 sacralization, that is, when the
sacrum fuses cranially with the fifth lumbar vertebra, the level
of sacrum fusion and verticalizationis best evaluated by hip
outlet projections. With regard to transsacral screw insertion,
an increased superior sacral region inclination is impor-
tant, as well. Actually, a greater inclination of this region,
which can be easily seen either with a radiographic pro-
jection of the sacrum and an outlet, makes synthesis more
difficult. Moreover, because of these variables, the view of
the sacral foramina is difficult and the sacral ala inlet pro-
jection will show more extended recess on the anterior
cortical [6-8].

Moreover, intra-operative studies compared the iliac ante-
rior cortical bone density of the sacroiliac articulation (ICD) in
patients with and without sacral dysmorphism. Lateral CT cuts
emphasize such correlation and non-dysmorphic patients
show coplanar sacral and iliac wing cortex at the level of the
iliac-sacral articulation [6]. This helps the surgeon to read the
projections during synthesis correctly. Otherwise, in patients
with this anatomical variable, screw insertion becomes more
difficult and carries the risk of inserting the screw on S1 nerve
root. The morphology of the sacral cranial region is determin-
ing when inserting sacral screws due to the presence of sacral
foramina that let out sacral nerve roots that do not appear
perfectly spherical on conventional radiography, but elliptical
and oval in shape [6].

Consequently, there are different sacral screw-insertion
safety zones [9, 10], depending on the presence or not of
anatomic dysmorphisms. The position of the patient on the
operating table is highly influencing, as well. In a patient
in supine position, especially when superior sacral
dysmorphisms are present, the correct positioning of the
screw requires a slantwise anterior-posterior and
caudocranial direction, because dysmorphism produces a
more oblique and narrower bone passageway for the screw.
It all depends on patient habitus and positioning on the
operating room table (more difficult when supine). On the
other hand, the absence of dysmorfisms determines anteri-
or, caudal direction [7].

Therefore, careful and deep pre-operative planning with
CT imaging is primary for a correct trans-iliac-sacral screw
insertion, which, as stated, changes between patients with
and without sacral dysmorfisms. For this reason, a standard
acquisition of pre-operative CT cuts is necessary. Three

@ Springer

projections, at least, are always essential: posterior-
anterior and oblique inlet and outlet, according to Judet
[6, 7]. The intra-operative lateral projection is always
radiology-technician dependent. A clear, pre-operative CT
view is, therefore, fundamental.

Materials and methods

Our study considered 40 cases of sacral fractures with an
average 21-month follow-up, from January 2012 to
December 2017. Patients were aged 47 on average, the oldest
68 and the youngest ten. The study included patients with
sacral fractures which were isolated or associated to posterior
pelvic ring injury and which were treated surgically in our
centre with trans-ileo-sacral screws (19) or percutaneous pos-
terior plate (21). Two cases that initially underwent screw
osteosynthesis required revision with plate. Pre-operative as-
sessment was performed on patients by means of X-ray imag-
ing and CT scan.

Treatment choice depends either on the type of fracture
(Denis/TILE AO classification) and clinical complexity, as
well as on the surgeon’s experience. Of the isolated sacral
fractures, six “DANIS I” fractures were treated with trans-
ileo-sacral screws and only one was treated with back plate;
six “DANIS II” were treated with plate (including the cases
treated with screw beforehand and then with plate) and three
with screws. All of the “DANIS III” cases were treated with
plates, three of them showing pre-operative neurological
symptoms (L5-S1 radiculopathy with unilateral dysesthesia
and urinary and fecal incontinence. As for sacral fractures
associated with posterior pelvic ring lesions, three cases of
TILE CI1 underwent trans-ileo-sacral screw ostheosynthesis
and one plate ostheosynthesis; five cases of TILE C2 were
screw-treated and six were plate-treated; a TILE C3 case
was treated with trans-ileo-sacral screw and the remaining
three were plate-treated (Fig. 1).

Clinical and radiographic assessments took place three, six,
12, and 20 months after surgery. The patients where set in four
more groups according to clinical complexity through the
Hannover Polytrauma score, a validated scoring system for
the treatment and assessment of politrauma patients (social,
psylogical, economic status, state of rehabilitation and/or
presence of other contextual lesions. The patients’
“Quality of Life” was assessed through an SF-36 standard
questionnaire which provides an estimation of physical
health (physical activities, limitations in daily activities
and physical pain), general health (general well-being and
vitality), and psychological-emotional health (limitations
because of social and/or emotional reasons and mental
health). The SF36 questionnaire was administered six, 12,
and 20 months after surgery.
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Fig. 1 A-P radiograph shows a case of trans-ileo-sacral screw
ostheosynthesis. Follow-up at 1 months from injury

Results

Surgery treatment choice depended on the clinical and radio-
graphic complexity of the lesion. Difficulties arise in a screw-
treated case concerning correct screw insertion because of
sacrum anatomical variations. One of the patients who
underwent trans-ileo-sacral screw osteosynthesis showed L5
deficit symptoms immediately after surgery. Therefore, syn-
thesis was revised and the screw was replaced with a percuta-
neous posterior plate. Symptmatology was resolved within
six months (Fig. 2).

Back-plate treatment proved longer biomechanical stability
in the absence of secondary complications (scomposition,
breaking or mobilization of synthesis tools).Only in one case
treated with a posterior plate with an imperfect fracture

Fig. 2 Inlet radiograph shows a case of trans-ileo-sacral screw
ostheosynthesis. Follow-up at 1 months from injury

reduction was an evolution in pseudoarthrosis, both of the
sacral fracture, of the ileopubic and ischio-pubic branch.One
of the screw synthesizes failed with nonunion after fracture
fragment mobilization and decomposition. Patients with post
trauma neurological lesions got better in time until complete
recovery. Compared to cases of equal clinical and radigraphic
complexity, plate treatment allowed an earlier charging
(30 days) than screw treament (45 days). Periodic evaluation
(SF36 form) showed a better clinical outcome in younger
patients, likely due to initial general clinical conditions and
larger bone stock. Clinical and radiographic outcomes in both,
trans-ileo-sacral-screw and percutaneous-back-plate-treated
patients, are superimposable, even though the latter showed
more complex fractures (Tables 1, 2, and 3).

Discussion and literature review

Posterior pelvic injuries strongly affect post traumatic survival
and mortality. They very often result in disabling, irreversible
outcomes as, for instance, neurological deficits, pelvic oblig-
uity with secondary scoliosis difficulty in ambulation and
maintaining sitting posture. All these complications show very
slow recovery. They are difficult to treat and therefore dis-
abling for the patient’s daily and working activities. Such le-
sions represent a challenge from a surgical point of view.

To this regard, several authors have described their casuistry,
but unfortunately, they have not reached a unanimous opinion
concerning the choice of synthesis tools according to the type of
fracture, positioning of the patient in the surgery room, or about
when a conservative, bloodless treatment can take place (Fig. 3).

In 1997, Routt et al. [11] enrolled 177 patients in a prospec-
tive study on posterior pelvic-ring unstable lesions, in a top
level traumatology centre. Patients were aged 11-78. They all
showed Tile-classified [12] lesions. A 10-month follow-up
involved 159 patients. Recovery was proved by clinical and
radiological assessment: clinical recovery was considered
complete when asymptomatic, full charge tolerance was
proved. Instead, radiological recovery became evident on frac-
ture remodeling and/or dislocation without implant failure.
Complications were caused by inadequate imaging, surgical
mistakes, and implant fixation defects. Imaging problems
were especially due to obesity in nine patients and to abdom-
inal contrast in other nine patients. Oblique projections, not
latero-lateral, were employed in all these patients [12]. Poor
understanding of the sacral anatomy was the main cause of the
wrong positioning of two trans-ileo-sacral screws inside a ver-
tebra, with no further sequelae. The study pointed out a prob-
lem, that is, lack of a complete and steady guide to screw
insertion through plain ortagonal fluoroscopy. This is the rea-
son why, already in the past, they used CT imaging, in order to
avoid misunderstanding and problems with fluoroscopy im-
aging (Fig. 4).
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Fig. 3 Outlet radiograph shows a case of trans-ileo-sacral screw
ostheosynthesis. Follow-up at 1 months from injury

In 1999, Altman et al. [13] published a case report about a
69-year-old patient who had fallen off his house roof. The
patient had a medical history of hypertension and former ce-
rebrovascular accidents. The author reported this case as the
first case in literature of trans-ileo-sacral screw osteosynthesis
dealing with an upper gluteal artery lesion, probably fostered
by the important calcification of the same vessel. Likely, an
open procedure could have avoided such emergency.

In 2001, Nork et al. [14] studied 442 patients. Among
them, he pointed out 13 patients with U-shaped sacral fracture:
a very rare fracture, that must be suspected when backbone
axial loading lesions occur. Five patients had further spinal
injury, eight showed several lumbar transverse process frac-
tures and three showed bilateral calcaneal fracture. All the
patients were treated with trans-ileo-sacral screw

Fig. 4 A-P radiograph shows a case of plate ostheosynthesis. Follow-up
at 2 months from injury

osteosynthesis: 11 had bilaterally inserted screws, one got
two screws on a single side and another one got only one
screw. Post-operative CT imaging proved that the intraosseous
insertion of the screws had not damaged the course of the
nerve and the cortical in none of the patients who underwent
surgery. Actually, neurological alterations are commonly as-
sociated to this kind of fracture and show an incidence of
about 85%, in line with the outcomes of this study: signs
and symptoms of cauda equine, along with sacral nerve root
deficits are pretty frequent. The role of osteosynthesis in sur-
gery decompression is defined only to a minimum extent in
literature. Instead, the rate of patients with a significantly im-
proved post-operative neurological functionality is surprising-
ly high. Nork [14] noticed that it concerned 77% of the sam-
ple. When completed, the study pointed out that surgical sta-
bilization allows an early and safe mobilization on declivous
position. Compared to open procedure, percutaneous inter-
vention reduced blood loss and operative timing, besides
preventing progress of kyphotic deformity and associated
nerve injuries.

In 2016, Bi et al. [15] published a retrospective and com-
parative study which compared posterior plate osteosinthesis
and trans-ileo-sacral screw osteosynthesis. The study included
46 patients who had been hospitalized between June 2010 and
May 2014 because of unstable posterior pelvic-ring lesions.
Twenty-four had undergone screw insertion surgery (study
group) and 22 compression plate surgery (control group).
The outcomes were promoting. First of all, none of the two
groups showed iatrogenic neuro-vascular injuries. All the 46
patients had up to 14-33-month follow-up (24.5 months on
average) and no breaking or mobilization of the internal fixing
implant occurred. On the other hand, a statistical difference (P
value <0.0001) in some of the parameters examined at the
beginning of the study was observed. On average, timing of
surgery was 22.08 = 1.91 minutes for screw osteosynthesis,
and 38.18 +2.97 minutes for plate osteosynthesis. The length
of the cut was noteworthy, as well: 3.63 £0.49 cm for the
group study and 7.70+0.55 for the control group. Finally,
intra-operative bleeding resulted in 43.42 +4.9 mL for screw
osteosynthesis, and 161.59+21.24 mL for plate
osteosynthesis [15]. The study ended up with a few remarks.
Back plates are valid and sufficiently strong in bilateral sacro-
iliac dislocation fixation. However, they do show some weak-
nesses. First of all, in order to draw the plate near the irregular
cortical of the back pelvic-ring, it is necessary to bend the
plate: this modification and deformation procedure reduces
resistance and may even damage the screw holes and it is often
not sufficiently precise. Posterior plates also carry the risk of
damaging blood vessels and nerve tissue when soft tissues are
exceedingly unstuck. Moreover, a number of patients who
underwent plate osteosynthesis feel uncomfortable during su-
pine decubitus position, mainly those with little fat. Actually,
in order to avoid problems, plates should be positioned in an

@ Springer



184

International Orthopaedics (SICOT) (2019) 43:177-185

area with a substantial amount of subcutaneous fat [15].
Finally, posterior plates are responsible for reduced function-
ality in patients and they cannot be used for the compression
or separation of sacral fractures. The relatively small sample
and the lack of follow up and long term functional outcomes
are the limiting factors of this study. Of course, the advantages
of trans-ileo-sacral screw ostoesynthesis, the significant statis-
tical power and the limitations resulting from the use of plates,
are outstanding [15].

A very recent study by Elzohairy et al. (2017) [16] tested
posterior pelvic ring injuries on 70 patients, from June 2005 to
December 2012. Inclusion criteria selected patients who had
been operated with open reduction internal fixation (ORIF) or
who had been treated with trans-ileo-sacral screws. The study
pointed out the advantages of employing trans-ileo-sacral
screws in a closed reduction: better long-term functional out-
comes, more significant radiographic reduction, shorter sur-
gery timing, reduction of blood loss in theater and reduction in
the request and transfusion of blood units [16].

In 2012, Chen, H et al. [17] produced a retrospective and
comparative study on two of the most common osteosynthesis
interventions (with plates and with trans-ileo-sacral screws).
Between March 2002 and October 2007, they enrolled 58
patients with clear inclusion criteria: unstable dislocation of
the sacroiliac joint and vertical sacral fractures, no need for
sacral nerve or sacral canal decompression, complete, or at
least important post traction repositioning of the fracture.
Besides that, the patients should not show mental or nervous,
daily life altering disorders. All the enrolled patients showed
Tile C [12] posterior pelvic-ring lesions and all underwent
complete 12-36-month follow-up. The patients were divided
in two groups of 29. Important statistic differences were point-
ed out: intraoperative bleeding (48.71 £ 17 mL for the group
with screws, 168.61 +£40 mL for the group with plates), length
of the procedure (42 + 7.9 minutes for plate osteosynthesis,
58 £9.04 minutes for screw osteosynthesis) and the cut
(4.36 £ 0.99 cm plate trated patients, 1.66 +0.42 cm for screw
treated patients). Clinical assessment of the patients was per-
formed through Majeed score, which considered pain report-
ed, ability to stay in sitting and standing position, sexual dys-
functions and working ability. Plate osteosynthesis scored 62—
95 points, while trans-ileo-sacral screw osteosynthesisscored
6697 points, with 86 and 88% values of excellence respec-
tively. Chen et al. [17] underlined the reduction of nerve tissue
and vascular risk factors in plate osteosynthesis, but all clinical
and intra-operative assessment parameters explain the wide
employment of trans-ileo-sacral screws in the ultimate surgery
of these lesions: they are more advantageous from several
points of view. Among them, the most important are intra-
operative bleeding and long-term outcomes.

In 2014, Acklin et al. [18] published a retrospective study
that considered 27 patients, from 2003 to 2011, aiming to the
assessement of posterior pelvic-ring lesions type C according
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to Tile [12], treated with double-plate osteosynthesis. This
approach was meant to prove higher implant strength and
solidity, but it also pointed out significant limitations. Five
patients showed immediate post-operative course infections
and five more needed implant removal: besides that, they all
complained problems in sitting position. Infection was not that
infrequent in consideration of the wide cut due to reduction
and the significant slot and exposure of soft-tissues. The ad-
vantages of this kind of approach are evident: anatomical di-
rect reduction, clearness of the sacral canal open in front of the
surgeon, reduced soft-tissue irritation, and major stability.
However, dangerous limitations, especially excessive soft tis-
sue dissection and highly increasing risk of infection, dimin-
ished the advantages.

Conclusions

The outcomes of statistics in literature and the values reported
in our retrospective study lead to substantial equality in the
clinical and radiological outcomes of the two osteosynthesis
operations, plate based and trans-ileo-sacral screw based [19].
Of course, plate osteosythesishas been introduced recently, so
follow-up data are still poor with regard to clinical assessment
of patients. Benefits are recognized about the stability and
resistance gained with implants, but available data are still
too little to state that this is the operation to be preferred defi-
nitely in the long term. Trans-ileo-sacral screw osteosynthesis
represents, to date, the first choice in reduction and stabilization
interventions. This was the first massively used procedure.
Bibliography shows that it is still the most used intervention,
the one with wider long-term follow-up. Clinical outcomes
are comparable and even higher than plate osteosynthesis
outcomes [20]. Collected data validate the theory that it is
the best, in consideration of the early and fast restart of
daily activities. Notwithstanding, this paper wants to show
that the chapter of pelvic ring injuries is not based on the
importance of definitive treatment, but on primary treat-
ment performed by the Trauma Team, and how the operat-
ing table is reached. We still need a classification allowing
emergency surgeons, anaesthetists and orthopaedic doctors
to estimate rotational stability/instability of the pelvic ring
osteoligamentous segments (there are plenty of morpholo-
gy and anatomy classifications). Even more, we need clas-
sifications that can provide a precise idea of haemodynamic
stability/instability, which substantially outline the patient’s
surgical and clinical future. It is important to provide a
classification or, at least, a diagnostic algorithm that will
help in managing this broad, yet marginal topic of
traumatology and raise the extremely high data of morbility
and mortality carried on by these lesions. Complete team
work will help in developing solutions to patients’ complex
and severe problems that still lack exhaustive responses.
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