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Abstract

Introduction The use of trans-sacral implants to treat fractures of the sacrum is limited by the variable pelvic anatomy. We
were interested in how many trans-sacral implants can be placed per pelvis? If a trans-sacral implant cannot be placed in S1,
where is the cortex perforated, and is the use of sacroiliac screws safe in these pelves?

Materials and methods 3D pelvic models were created from CT scans of 156 individuals without fractures (92 European
and 64 Japanese, 79 male and 77 female, mean age 66.7 & 13.7 years). Trans-sacral implants with a diameter of 7.3 mm were
positioned virtually with and without a surrounding safe zone of 12 mm diameter.

Results Fifty-one percent of pelves accommodated trans-sacral implants in S1 with a safe zone. Twenty-two percent did not
offer enough space in S1 for an implant even when ignoring the safe zone. Every pelvis had sufficient space for a trans-sacral
implant in S2, in 78% including a safe zone as well. In S1, implant perforation was observed in the sacral ala and iliac fossa
in 69%, isolated iliac fossa perforation in 23% and perforation of the sacral ala in 8%. Bilateral sacroiliac screw placement
was always possible in S1.

Conclusions The use of trans-sacral implants in S1 requires meticulous preoperative planning to avoid injury of neurovascular
structures. S2 more consistently offers space for trans-sacral implants.
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Introduction

Demographic changes lead to increasing numbers of
elderly patients experiencing osteoporosis-associated fra-
gility fractures of the pelvis (FFP) [1, 2]. These fractures
are usually treated non-operatively. However, in cases of
intractable pain during mobilization, or fracture displace-
ment with consequent instability, operative stabilization is
performed [3]. Sacral fractures are commonly treated with
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minimally-invasive sacroiliac (SI) screws [4]. However,
14-20% of elderly patients with osteoporosis experience
backing out of conventional SI screws [5—7]. In high-energy
fractures, up to 17% have demonstrated SI screw loosen-
ing, with vertical shear fractures as risk factor [8]. Trans-
sacral implants can be used to lessen this complication [6,
9-11], as they do not depend on screw purchase in the sacral
body’s decreased bone mass [12, 13]. They anchor in the
cortical bone of the posterior ilium bilaterally and if using
a trans-sacral bar, they can exerting some compression on
the sacral fracture [9]. They further may prevent secondary
contralateral sacral fractures [14] due to higher stress also
experienced in the contralateral sacral ala when a pubic rami
fracture is present [15]. Trans-sacral implants showed bio-
mechanical benefits over SI screws [16, 17] without clinical
disadvantages of anchorage in the non-injured SI joint [18].
Alternatively, SI screws can be augmented with cement to
enhance screw purchase in the osteoporotic sacral body [19].

Trans-sacral implant positioning in S1 is restricted by
the highly variable anatomy of the upper sacrum [20, 21].
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The safe corridor for trans-sacral implants is smaller than
that for unilateral SI screws, because the implants must pass
an isthmus bilaterally in the sacrum [22]. Measurements of
three-dimensional (3D) models or computed tomography
(CT) scans have indicated that 14—41% of pelves do not offer
enough space to safely accommodate a trans-sacral implant
in S1 [23-29]. When respecting a safe zone of 12 mm diam-
eter, trans-sacral corridor S1 is not available in 52% of pel-
ves [29]. In 77-100% of pelves where implant positioning
was impossible or critical in S1, there was enough space for
an implant in S2 [24-26, 28-30]. Anatomically adequate
trans-sacral corridors in S3 were reported in 15-24% [28,
29, 31]. The use of multiple implants in the posterior pelvic
ring lead to less screw loosening [6] and higher biomechani-
cal stability [32, 33]. However, information regarding the
maximal number of implants possible, the location of corti-
cal bone perforation, and the possibility of using SI screws
is limited. Further, the pre- and intraoperative imaging of the
corridor’s borders is difficult and may not help to identify
pelves suitable for trans-sacral implants.

We used virtual trans-sacral implant positioning to
answer how many implants can be placed per pelvis, with
or without surrounding safe zones? In pelves not offering
sufficient space for a trans-sacral implant in S1, we were
interested in the location of cortical perforation, and whether
conventional SI screws are safe.

Methods
CT data

Clinical CT scans of 92 European (EU; 48 female, 44 male)
and 64 Japanese (JP; 29 female, 35 male) individuals were
included. Mean age was 66.7 years (+ 13.7, range 26-91).
Individuals with bony pathology other than osteoporosis
(13) or fractures (6), as well as those with sacralization of
L5 (11) or lumbarization of S1 (1) and spina bifida (1) were
excluded. The data of the European individuals was obtained
from the CT database of the AO Research Institute Davos,
Switzerland. CT scanners Siemens Sensation 64 and Sie-
mens Definition (Siemens AG, Erlangen, Germany) were
used with 120 kpV voltage and B45f Kernel. The mean
voxel size was 0.75x0.75x 1.02 mm. Postmortem scans
with the GE LightSpeed VCT (GE Healthcare, Waukesha,
USA) were used for the Japanese group, with application
of 120 kpV tube voltage and “Standard Kernel”. The mean
voxel size was 0.68 X 0.68 x 1.11 mm.

Virtual implant positioning

A 3D model was created for each pelvis using Amira soft-
ware (Amira 5.4.3, Visage Imaging, Inc., Berlin, Germany)
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[20]. The trans-sacral corridors were visualized in the lateral
semitransparent view. A screw with a diameter of 7.3 mm
and variable length was used for virtual implant position-
ing. A safe zone with a diameter of 12 mm was optionally
displayed around the screw. After manual orientation of the
pelves in the lateral view to obtain the maximal possible
trans-sacral diameter, trans-sacral implants were virtually
placed in S1, S2, and S3, with or without safe zones.

If the S1 trans-sacral corridor did not offer sufficient
space for an implant, the cortical perforation of the virtual
implant was located and classified as: isolated perforation
in the iliac fossa, isolated extraosseous implant in the sacral
ala, and extraosseous location in the iliac fossa and the
sacrum.

When trans-sacral implant placement in S1 was not pos-
sible, conventional SI screws were positioned from the outer
table of the ilium to the S1 vertebral body.

Statistics

The Chi-square test was used to compare nominal groups.
A value of p <0.05 was considered statistically significant.
Statistical analysis was performed using GraphPad Quick-
Calcs (https://www.graphpad.com/quickcalcs/contingenc
y1/; accessed April 2017).

Results

Trans-sacral implants were virtually placed in S1, S2, and
S3 whenever possible. Pelves were clustered according to
the maximum number of implants accommodated by S1
(Table 1). Male pelves were more often spacious enough to
fit two trans-sacral implants including a safe zone in S1 (p
0.01, Fig. 1). In 15 pelves (10%), the trans-sacral corridor
was not “high” (cranio-caudally) enough to accommodate
a screw with a surrounding safety zone, but it was “wide”
(antero-posteriorly) enough for two trans-sacral implants
without safe zones. Fifty-one percent of the pelves (80 indi-
viduals; 53 EU and 27 JP, p 0.058) offered enough space in
S1 for a trans-sacral implant including a surrounding safe
zone. All pelves provided enough space in S2 to place a
trans-sacral implant with 7.3 mm diameter. Implant position-
ing in S2 including a safe zone was possible in 78% (75%
EU and 83% JP, p 0.25). In S3, 18% of the pelves accommo-
dated trans-sacral implants (10% EU and 31% JP, p 0.002;
Fig. 2). However, none of these had space for a safe zone in
S3. Pelves without space for a safe zone in S1 more often
accommodated implants with safe zones in S2 (p 0.031) and
implants without safe zones in S3 (p <0.001). In addition,
pelves unable to accommodate any implant in S1 more often
had space for a trans-sacral implant in S3 (p <0.001), how-
ever they offered only non-significantly more often space for
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Table 1 Maximum of possible
virtual trans-sacral implants
(7.3 mm) with or without a
safe zone of 12 mm diameter,

Maximum of trans-sacral implants in S1

Implants in S2 including a safe Implants in S3
zone® without a safe
zone®

clustered according to S1 2 implants with safe zone

56 (36%)
37EU, 19 JP
36m, 20 f
1 implant with safe zone
24 (15%)
16 EU, 8 JP
9m, 15f
2 implants without safe zone
15 (10%)
4EU, 11JP
10m,5f
1 implant without safe zone
26 (17%)
17 EU, 9 JP
9m, 17 f
No implant
35 (22%)
18 EU, 17 JP
15m,20f
Sum
156

37 (66%) 1 2%)

20 (83%)

1 (4%)

13 (87%)

5(33%)

21 (81%)

5 (19%)

31 (89%)

16 (46%)

122 (78%) 28 (18%)

m male, f female, EU European, JP Japanese

“Maximum number of implants in S2 or S3 clustered into categories according to maximum number of

implants in S1

an implant with safe zone in S2 (p 0.09). Considering only
implants surrounded by a safe zone, 24% pelves had space
for three implants, 25% accommodated two implants, 44%
had space for one implant and only 7% for none.

Of the 35 individuals lacking space in S1 for a trans-
sacral implant, 69% of perforations occurred in the sacral ala
as well as the iliac fossa (12 EU and 12 JP; Fig. 2). Isolated
perforation of the iliac fossa was present in 8 pelves (23%;
4 EU and 4 JP; Fig. 3). Isolated osseous perforation of the
sacral ala was observed in 3 pelves (8%; 2 EU and 1 JP).

Bilateral placement of an SI screw obliquely from pos-
tero-inferior to anterio-superior was possible in all pelves,
irrespective of the space available for a trans-sacral implant
(Fig. 2).

Discussion

Using virtual implant positioning in 3D pelvic models, this
study confirmed space for trans-sacral implants in S1 includ-
ing safe zones in half of pelves. There was always sufficient
space in S2 to accommodate trans-sacral implants. In cases
where there was no space for a trans-sacral implant in S1,
virtual placement of SI screws was always possible.

The use of multiple implants in the posterior pelvic ring
is encouraged by higher biomechanical stability [32, 33]
as well as less screw loosening in FFP [6]. A recent study
showed good clinical results with only 1% of guide wire cor-
tical breaching using navigation and an average of 2.3 pos-
terior implants (mostly placed trans-sacral) [11]. Half of the
pelves in our study accommodated two or more trans-sacral
implants surrounding a safe zone in S1 and S2 together.

Implants are commonly positioned in S1. There, one
fifth of the pelves did not offer sufficient space to place a
trans-sacral implant; however, half of the pelves had cor-
ridors large enough to accommodate an implant with a
surrounding safe zone in S1. The remaining 27% had space
for implants without a safe zone. This corresponds to man-
ual measurement of the corridor dimensions [29]. Previous
publications stated that trans-sacral implant placement in
S1 is impossible for 14-41% of pelves [23-29, 34]. The
highly variable anatomy of the upper sacrum results in
anatomical conditions which make implant positioning
critical [20, 21]. Larger trans-sacral corridors in S1 were
observed with higher pelvic incidence, larger sacral cur-
vature and more cranially positioned SI joints [21]. Mor-
phological features were defined using radiographs and CT
scans in these sacra, called “dysmorphic” [35, 36]. How-
ever, their assessment is subjective, and no single feature
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Fig.1 Pelvis accommodating a maximum of two implants in S1
including a safe zone, one implant in S2 also with safe zone and an
implant in S3

was found to predict a small corridor [26]. More objective
criteria have been discussed; however, reliability has not
yet been tested. These include the “sacral dysmorphism
score,” a ratio of two angles measured in reformatted CT
planes [26], and evaluation of the “lateral sacral triangle”
on a lateral radiograph [37]. Radiographically, the cor-
ridor’s limits are difficult to assess, especially the upper
border [38]. This is due to the inconsistent location of the
limiting structure (sacral ala, upper limit of the ST joint, or

the iliac fossa) [29] and the individual angulation of outlet
and inlet views [39].

Alternatively, if space for trans-sacral implants in S1 is
limited, implants can be positioned in S2 [40]. In this study,
implant positioning was always possible in S2, with 22% not
accommodating a surrounding safe zone. Previous studies
have found that 52-100% of pelves offer space for trans-
sacral implant positioning in S2 [24, 25, 27-29, 34]. The
less space there is in S1, the larger the space in S2 [21, 24,
27,29, 34]. In “dysmorphic” sacra or pelves not accommo-
dating a trans-sacral implant in S1, 77-100% accommodate
implants in S2 [24-26, 28-30, 34, 40, 41]. The biomechani-
cal benefits of S2 fixation, however, are not yet clear. The
sacrum rotates ventrally and caudally around a rotation
center located at the S2 level [42]. Trans-sacral fixation in
S2 is less stable than unilateral S1 fixation using an open
book injury model [32]. Rotational stability is higher with
S1 compared to S2 fixation using a spinopelvic dissociation
model [16]. In cases of a transverse fracture line between S1
and S2, which occurs in two thirds of fragility fractures of
the sacrum [43], there is no stabilizing benefit of using an
S2 implant. Although trans-sacral fixation in S3 is possible
[28, 29, 31], the biomechanical benefit is debatable due to
the caudal position within the SI joint. In addition, since the
use of trans-sacral implants in S2 and S3 approaches the
sciatic notch, there may be an increased risk of injuring the
superior gluteal neurovascular bundle.

Cortical perforations by the implant in S1 were located
in the sacral ala, the region of the SI joint, and the iliac
fossa. This corresponds to the variable location of the cranial
limit of the trans-sacral corridor in S1 [29]. Thus, not only
the sacrum, but also the iliac fossa determines availability
of the trans-sacral corridor S1. When perforating the iliac
fossa, the risk of continued sliding along the sacral ala with
the drill and injury to nerve root L5 may be substantial.
Intraoperatively, the iliocortical density is often taken as the
upper limit for implant positioning when using image inten-
sifier [35]. However, this radiographic structure was found
to represent the cortex of the iliac fossa [44]. Reliance on

Fig.2 This pelvis has space for trans-sacral implants in S2 and S3. The trans-sacral implant S1 perforates in the sacral ala and the iliac fossa.

Conventional IS screws are possible on both sides

@ Springer



Archives of Orthopaedic and Trauma Surgery (2019) 139:1385-1391

1389

Fig.3 There is not enough
space in S1 for a trans-sacral
implant, the perforation occurs
in the iliac fossa. Although
there is no critical anatomic
structure in the iliac fossa, there
is the risk of slinging along the
cortex of the sacral ala. Note
that the iliocortical density is
the corridor’s cranial limit

that structure may, therefore, be dangerous [45], especially
in pelves where cortical perforation occurred in the sacral
ala. In the light of the often critical corridor dimensions
and the difficulty of intraoperative corridor visualization, a
detailed preoperative planning is required. As the maximal
diameter is in the anterior part of the oval-shaped corridor
[29], we adapt a coronal plane in the pelvic CT to the sacral
inclination of S1 and measure the corridor’s dimension in
this coronal and the axial view. The addition of navigation
techniques my help intraoperatively [11, 46], however, clini-
cal studies are inconclusive about their superiority, favoring
3D compared to 2D navigation techniques [47-50].

When trans-sacral implantation was not possible in S1,
there was always enough space for bilateral SI screws. The
corridor for SI screws in sacra with limited space is oriented
from postero-caudally to antero-cranially [22, 36, 51, 52]. As
SI screws aim for the sacral body of S1, they pass only one
isthmus. This leads to the “vestibule concept” [41], where
the corridor has the form of an hourglass, with the narrow
and limiting diameter formed by the sacra ala and the S1
foramen [22, 41, 53].

This study was limited by the exclusion of sacralized L5
or lumbarized S1 vertebrae; only sacra with five fused sacral
vertebrae were studied. Sacra with a lumbosacral transitional
vertebra (LSTV) are known to have larger trans-sacral cor-
ridors in the first sacral vertebrae when S1 is defined as the
vertebra below the LSTV [25]. “Dysmorphic” sacral seg-
ments have attributes of LSTV and are reported to have
small or absent trans-sacral corridors in S1, with large S2
corridors [30, 40]. Another limitation of this study may
be that the outer cortical border was segmented; thus, in
reality, the corridor may be slightly smaller due to corti-
cal thickness. Our study collective was comprised only of
individuals without pelvic fracture. Fracture displacement
impacts trans-sacral corridor size and notably decreases
the corridor’s diameter [54]. In contrast to our study, pelves

are typically assessed intraoperatively via radiographs or
navigation. Implant positioning is more difficult using these
indirect means of anatomic visualization. One additional
limitation is that a single observer carried out the virtual
implant positioning.

Conclusion

Safe trans-sacral implantation in S1 was only possible in
half of the individuals studied due to variable anatomy. In
the others, S2 could be a useful and safe alternative. Multi-
ple trans-sacral implants are mostly possible, in half of the
pelves there was space for two or more trans-sacral implants
with a safe zone. The iliocortical density can be used as an
anatomic landmark for the upper limit of trans-sacral cor-
ridors, but the sacral ala may be lower and thus, at risk for
implant perforation. Therefore, thorough individual preop-
erative planning using CT data is mandatory to assess pelves
amenable to trans-sacral implants. Intraoperatively, 3D navi-
gation may help in safe implant positioning. When using an
oblique trajectory from postero-caudal to antero-cranial, SI
screws are a safe alternative to trans-sacral implants.
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