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Abstract
Purpose To evaluate the feasibility of transverse iliosacral (TIS) screw placement in different segments of the sacrum and
measure the parameters of the unilateral iliosacral (IS) screw in the case that cannot be inserted the TIS screw.
Methods This study used 100 pelvic continuous computed tomography images. Mimics (Materialise Interactive Medical Image
Control System) was used to reconstruct the three-dimensional pelvis model. All sacrums were divided into the normal group and
dysmorphic group. Any difference in osseous fixation pathway (OFP) diameter in the first two segments between both groups
was investigated. In dysmorphic sacrums, the optimal inserting angle and length of the unilateral S1 screw were measured. The
number of foramen in every sacrum was recorded.
Results Thirty-two sacrums had sacral dysmorphism. The OFP diameter for the S2 TIS screw in the dysmorphic group was larger
than that in the normal group (p = 0.02). Receiver operating characteristic curve analysis indicated the cutoff values as 20.55 mm
and 15.18° for the S1 front edge height and S1S2 angle, respectively. In the dysmorphic case, the unilateral S1 IS screw should be
insertedwith a cephalad incline angle of 36.14 ± 5.97° and a ventrally incline angle of 37.33 ± 4.64°. S3 TIS screw placement rate
was 53.1% in the dysmorphic group.
Conclusions The most common cause of sacral dysmorphism is the fusion of the L5 to the true S1. In dysmorphic sacrums,
the unilateral IS screw should be placed obliquely in the S1 segment, and the S2 segment usually has a sufficient OFP for
the TIS screw. Using S3 TIS screw and two TIS screws in the first segment technique is not recommended because of a
high risk.
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Introduction

Unstable pelvic ring injuries have been associated with a high
mortality rate. Several fixation techniques can treat unstable
injuries of the posterior pelvic ring. However, percutaneous
iliosacral (IS) screw fixation is a reliable and effective method
to stabilize pelvic fractures with minimal soft tissue invasion
[1]. With improved understanding of the sacral anatomy, the
technique of transverse iliosacral (TIS) screw insertion was
applied. TIS screw is a single lengthened screw traversing
through bilateral sacroiliac joints and the entire sacral body.
Compared with the standard unilateral IS screw, the TIS screw
was proved to provide improved resistance to vertical shear
forces both biomechanically [2, 3] and clinically [4, 5], owing
to its increased length, transversal of more sacral body bones,
more cortices of fixation, and a longer lever arm to resist
vertical shear forces. The indications for the use of the TIS
screw are evolving and include bilateral IS joint injuries,
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comminuted and displaced posterior pelvic ring injuries,
spinopelvic dissociations, and revision surgery for nonunion
cases [4–6].

The sacrum exhibits a complex anatomical structure with
high variations [7, 8]. Sacral dysmorphism is defined as the
first sacral segment (S1) infeasible for TIS screw placement
[9]. Considering the potential risks of percutaneous IS fixa-
tion, such as neurovascular damage [10], some surgeons in
this field have attempted to quantify the upper sacral morphol-
ogy by computed tomography (CT)-based studies [11–13]. A
7–8-mm scale was utilized previously as a simple pre-operative
indicator that has been proven safe through an extensive clini-
cal series [14–16].

Prior studies investigating the size and orientation of the
sacral osseous fixation pathway (OFP) have focused on the S1
and the second sacral segment (S2). The cross section of the
OFP differs between the normal and dysmorphic sacrum, and
the S2 is recommended as the substitute segment for fixation
of dysmorphic sacrum [9, 11]. Understanding anatomical var-
iations of the sacrum in a three-dimensional (3D) model is
essential to prevent intra-operative complications of TIS screw
insertion.

Jeong et al. [13] conducted a computational study based on
the cadaveric sacra. In order to further analyze the sacral anat-
omy and measure the IS screw parameters more accurately,
the in vivo intact pelvis CT data were selected as the research
objects in the current study. The aims of this study were to
explore the possibility of TIS screw fixation in different sacral
segments and to measure the parameters of the S1 unilateral
iliosacral (IS) screw in the case of sacral dysmorphism.

Methods

The study was approved by the Regional Ethics Board. All
patient information was anonymized in this retrospective
study. A retrospective review of patients who visited our hos-
pital (level 1 trauma center) from January 2016 to October
2017 was performed by utilizing the picture archiving and
communication system (PACS). Computed tomography
(CT) scans of these patients were primarily carried out to
diagnose individual disease. Inclusion criteria were age 18–
85 years, skeletal maturity, and a pelvic CT scan with serial
axial images of 1.5 mm or less. Any pelvic bones with prior
history or current evidence of trauma, tumor, or severe degen-
erative alterations were excluded. After screening, 100 adult
patients (57 men and 43 women) were enrolled. Demographic
data were collected from the PACS, including age and sex.

CT data in Digital Imaging and Communications in
Medicine format were imported into the Mimics software
(Materialise Interactive Medical Image Control System;
Materialise, Antwerp, Belgium) to reconstruct 3D pelvis
models, including the sacrum and two iliac bones (Fig. 1a).

After the 3D pelvis model was generated, hide the two iliac
bones and adjust the transparency mode of the sacrum to
Bhigh.^ Then, the cancellous bone was distinguished from
the sacral foramen and cortical bone (Fig. 1b).

Two orthopaedic traumatologists with a clinical focus on
pelvic and acetabular trauma evaluated each patient’s CT im-
age identically. Average values measured by both researchers
were used as the final result. For each subject, sacral segments
were defined and numbered beginning with the first sacral
segment which has a full articulation with the ilium. The de-
fined boundary between normal and dysmorphic was deter-
mined by whether a 7.0-mm TIS screw could be placed
intraosseously at the S1 segment. The sacrum that cannot be
inserted with a TIS screw without perforating the cortex at the
S1 level was defined as dysmorphic sacrum.

To simulate TIS screw insertion, a straight cylinder was
generated by the 3-Matic software (Materialise). A 7.0-mm-
sized transverse cylinder representing the TIS screw cylinders
was inserted into the S1 segment (Fig. 1c, d). It was positioned
from the outer cortex of one iliac bone to the outer cortex of
the contralateral iliac bone. If the placement of the 7.0-mm S1
transverse cylinder was not possible, then the sacrum was
dysmorphic. The same method was utilized to evaluate the
presence of a potential S3 OFP. The length of this cylinder is
the longest TIS screw we can place in the corresponding seg-
ment. The diameter of the cylinder that mimics the TIS screw
was adjusted to maximum and ensured that it does not pene-
trate the cortex at the same time. Then, the diameter of the
cylinder is exactly the OFP diameter of the TIS screw (Fig. 2).

In the true lateral projection of the opaque sacrum, the S1
front edge height was measured as the distance of the S1 front
edge beyond the sacral wings (Fig. 3a). A vertical line on the
S1 upper edge and S2 lower edge was drawn in the sagittal
plane of the sacrum. The intersection of two perpendicular
lines forming an angle (∠α) was defined as the S1S2 angle
(Fig. 3b). In dysmorphic sacrum, the cephalad incline angle
and ventrally incline angle of the unilateral S1 screw were
measured from the CT coronal and axial scans (Fig. 3c, d).
Furthermore, the number of foramen in each sacrum was
recorded.

Statistical analysis

All data were collected and inputted into SPSS Statistics 23.0
(SPSS Inc., Chicago, IL, USA) statistical software. The
Kolmogorov-Smirnov test was used to determine the normal-
ity of the distribution. Chi-square test and two-sample t test
were used to compare means between both groups. A confi-
dence interval of 95% was assumed (significance level p <
0.05). Receiver operating characteristic (ROC) curve analysis
was performed to identify the association between a dysmor-
phic sacrum and anatomical parameters.

1962 International Orthopaedics (SICOT) (2019) 43:1961–1967



Results

Between January 1, 2016, and October 1, 2017, 100 patients
who met the above inclusion criteria were identified. Of these
patients, 57 were men and 43 were women with an average
age of 48.87 ± 15.64 years. Of the 100 patients, 32 (32%) had
sacral dysmorphism. No statistically significant difference
was found in age, sex, height, and weight (p > 0.05) between

both groups. Of the 32 patients in the dysmorphic group, 17
patients (53.13%) had an S3 OFP that could accommodate a
7.0-mm TIS screw. Then, five of the 68 patients in the normal
group (7.35%) had sufficient OFP for S3 TIS screw placement
(Table 1).

On the basis of the number of sacral foramen, one model
had a sacrum with three foramina. Two models in the normal
group had five foramina. However, the sacrum with five fo-
ramina accounted for 62.5% (20/32) of the dysmorphic group.
A statistically significant difference was observed between the
two groups (p = 0.00) (Table 1).

The average OFP diameters at the S1 level in the dysmor-
phic and normal groups were 4.82 ± 1.72 mm and 13.67 ±
3.65 mm, respectively (p = 0.00). The average length of the
S1 TIS screw in the normal group was 153.55 ± 9.98 mm. A
statistically significant difference was found in the S2 OFP
diameter between the dysmorphic group and the normal group
(p = 0.02). However, the average length of the S2 TIS screw in
the dysmorphic group was not significantly different (p =
0.44) from that in the normal group (Table 1). In the dysmor-
phic group, the optimal insertion angle of the unilateral S1
screw was cephalad inclined at 36.14° ± 5.97° and ventrally
inclined at 37.33° ± 4.64°, with an average length of 90.45 ±
4.8 mm (Table 2).

The average S1 front edge height was 23.38 ± 4.60 mm in the
dysmorphic group and 14.42 ± 4.34 mm in the normal group

Fig. 1 a Reconstruction of the
sacrum and iliac model in Mimics
software. b 3-Matic software was
used to remove the bilateral iliac
bone. Then, the sacrum was set as
a high transparency. Three OFPs
are visible and marked with light
green. c, d A 7.0-mm-sized
transverse cylinder representing
the TIS screw cylinders was
inserted into the S1 segment

Fig. 2 The largest cylinder in the 3D-Matic was simulated in true lateral
view. The OFP diameter was obtained by measuring the cylinder’s
diameter
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(p= 0.00). The average S1S2 angle was 17.35° (11.12°, 21.52°)
in the dysmorphic group and 8.43° (3.23°, 15.10°) in the normal
group (p = 0.00). ROC curve analysis using the S1 front edge
height revealed an area under the curve of 0.922 (95%CI, 0.869–
0.975). The S1 front edge height cutoff value was 20.55 mm
(sensitivity 0.971, specificity 0.750). ROC curve analysis based
on the S1S2 angle revealed an area under the curve of 0.745
(95% CI, 0.645–0.845). The cutoff value of S1S2 angle was
15.18° (sensitivity 0.765, specificity 0.656) (Fig. 4).

Discussion

The IS screw has made important progress in the treatment of
unstable posterior pelvic ring disruptions and has been evalu-
ated extensively [1, 2, 16–19]. Previous reports showed that
TIS screws may provide a better stability compared to the
conventional unilateral IS, especially in the treatment of ver-
tical sacral fractures [2, 20, 21]. Thus, this study was per-
formed using 3D software (Mimics) to explore the anatomical
parameters of different sacrum segments. The results showed
that dysmorphic sacrum accounted for about one third of the
cohort we studied. The lumbar sacralization constitutes almost
2/3 of the dysmorphic sacrums. The S1 front edge height and

S1S2 angle were two predictable indicators for the feasibility
of TIS screw placement. For the patients with a dysmorphic
sacrum, the S2 segment usually has a sufficient OFP for a 7.0-
mm TIS screw. The unilateral IS screw could also be placed
obliquely in the S1 segment to strengthen the fixation if
needed.

In some previous studies, pelvic CT data were post-
processed by medical image processing software, such
as Amira, Mimics, and 3-Matic [12, 13, 15, 22]. Jeong
et al. [13] measured the surrounding surface area by an
imaginary line in the true lateral view and used this ana-
tomical variable in the statistical analysis. However, this
Bsafe zone^ is only the surface area of the sacrum, not the
cross section of the bone tunnel, which will affect the
accuracy of the study. Mendel et al. [12] calculated the
volume and sagittal cross section of the transverse corri-
dors of the sacral segment to describe the spatial extent.
However, both studies measure the area or volume of
irregular patterns, and the true trajectory of the screw is
a cylinder trajectory. A larger area of irregular cross sec-
tion does not mean that a larger diameter screw could be
placed. In the current study, the OFP diameter was mea-
sured in true lateral view using the 3-Matic software at the
time when the stimulated cylinder is about to break

Fig. 3 a From the true lateral
view, the distance of the S1 front
edge beyond the sacral wings is
defined as the S1 front edge
height (in this case, the S1 front
edge height is 26.22mm). bDraw
the vertical line of S1 upper edge
and S2 lower edge, respectively.
The intersection of two
perpendicular lines forming an
angle (∠α) is defined as S1S2
angle. c, d Measurement of
cephalad inclined angle (c) and
ventral inclined angle (d) of the
unilateral S1 screw in dysmorphic
sacrum
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through the cortical bone. The results of our study were
consistent with the previous study. The sacral dysmorphic
group has a notably small S1 OFP, which does not allow
for TIS screw placement. The S2 OFP diameter in dys-
morphic sacrum is much larger than that in the normal
sacrum. In the normal group, the diameter of the S1
OFP is larger than that of the S2 OFP.

The importance of preoperative identification of the first
sacral segment boundary ratio was emphasized by Mendel et
al. [14]. They suggested that when the ratio of the superior
width to the anterior height of the first sacrum is greater than
1.5, a sufficient OFP for screws usually exists. Jeong et al. [13]
introduced the horizontal distance of the safe zone and the
anterior height of the first sacral segment to predict the possi-
bility of TIS screw placement. The ROC analysis of the cur-
rent study revealed that the cutoff value of S1 front edge
height was 20.55 mm, which is consistent with Jeong’s study.
Except for the S1 front edge height, a new anatomical param-
eter BS1S2 angle^ was introduced in our study to express the
retroversion of the first sacrum. The results reveal that if the
S1S2 angle is larger than 15.18°, the pelvis would be likely a
dysmorphic sacrum. All of these anatomical parameters, such
as S1S2 angle, anterior height, and width/height ratio, are
descriptions of the upper sacrum. Further studies should be

conducted to explore anatomical indicators that can more ac-
curately determine the sacral dysmorphic.

The qualitative characteristics of upper sacral segment dys-
plasia were described by Rout et al. firstly [23]. They reported
six key characteristics to define sacral dysmorphism: (1) the
upper sacrum is more collinear with the iliac crest, (2) hyper-
trophic mammillary at the sacral mid-alar area, (3) misshaped
upper foramina, (4) residual disk space between the first two
segments, (5) an acute alar slope, and (6) a Btongue-in-
groove^ sign. The recent study showed that 62.5% of the
sacrums have five foramina in the dysmorphic group. In other
words, almost 2/3 of the dysmorphic sacrum has a sacralized
L5, which is placed over the true S1 and fused with S1. The
sacralized L5 usually has a projecting vertebra, in which a
shorter unilateral IS screw could be inserted obliquely.
Dubory et al. [24] collected 30 pelvic CTscans and performed
a computed tomographic anatomical study of the upper sa-
crum. They demonstrated that the gender, weight, and height
have correlation with the anatomy of the upper sacrum.
However, no statistical significant was found in these demo-
graphic variables between the normal group and dysmorphic
group in the current study. Recently, researchers have proved
the genetic factors were responsible for the development of
lumbosacral segments [25, 26].

Table 2 The average tilt angle
and length of S1 unilateral IS
screw for dysmorphic group

Cephalad incline angle Ventral incline angle Length

Dysmorphic group (n = 32) 36.14° ± 5.97° 37.33° ± 4.64° 90.45 ± 4.80 mm

Table 1 Patient demographics in
both the dysmorphic group and
normal group

Dysmorphic group Normal group p value

Age (years) 48.16 ± 14.34 49.21 ± 16.31 0.76

Sex (n) 0.92

Male 18 39

Female 14 29

Height (cm) 167.53 ± 7.68 168.63 ± 7.71 0.51

Weight (kg) 65.03 ± 9.90 68.91 ± 10.06 0.07

S3 TIS screw viability (n) 0.00

S3 TIS screw viable 17 5

S3 TIS screw inviable 15 63

Foramen number (n, %)

3 foramens 0 1 (1.5%) 0.00

4 foramens 12 (37.5%) 65 (95.6%)

5 foramens 20 (62.5%) 2 (2.9%)

OFP diameter for S1 TIS screw (mm) 4.82 ± 1.72 13.67 ± 3.65 0.00

S1 TIS screw length (mm) – 153.55 ± 9.98 –

OFP diameter for S2 TIS screw (mm) 14.01 ± 3.01 12.60 ± 2.13 0.02

S2 TIS screw length (mm) 138.30 ± 10.04 136.83 ± 8.26 0.44

S1 front edge height (mm) 23.38 ± 4.60 14.42 ± 4.34 0.00

S1S2 angle (°) 17.35 (11.12, 21.52) 8.43 (3.23, 15.10) 0.00
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Eastman et al. [27] conducted an experiment that en-
rolled 250 patients to explore the feasibility of S3 TIS screw
insertion. Their study demonstrated that 15.2% of the pelvis
has adequate OFP to accommodate an S3 TIS screw. In our
cohort, 53.1% of dysmorphic sacrums possessed an S3
pathway that could safely accommodate a TIS screw. By
contrast, only 7.4% of the sacrums in the normal group
allows an S3 TIS screw. While a pathway may exist at the
S3 level, the start site for an S3 TIS screw is significantly
more caudal than that of an S1 screw. This means that ana-
tomical variations of the superior gluteal artery or other
neurovascular structures close to the greater sciatic notch
will be at risk when inserting an S3 TIS screw. Salazar et
al. noted a significant difference in the bone quality between
the first and second sacral segments and questioned the
quality of fixation achieved in the second sacral segment
[28]. The bone quality of the S3 segment was not investi-
gated in the present study. Further, bone quality and biome-
chanical studies could be investigated whether these clinical
concerns exist when inserting an S3 TIS screw.

Previous studies described a technical trick of inserting two
TIS screws into the upper sacral segment [5, 29]. However,
the present study results show that the average OFP diameter
for upper segment was about 14 mm, which was just appro-
priate to accommodate two 7.0-mm TIS screws. Although
better biomechanical stability was provided, this technique
increased the duration of intra-operative fluoroscopy and the
risk of surgery greatly. Instead, using two TIS screws in the
first two segments is a safer choice than using two parallel
screws in the first segment.

Several limitations should be noted in the present study.
First, all subjects were selected from one institution.
However, the anatomical parameters of the sacrum may vary
among different ethnicities. Second, this study was based on
the 3D model generated using normal pelvic CT data.
Simulating the TIS screw placement in the 3D software is an
ideal situation. The posterior pelvic ring injuries is often ac-
companied by different degrees of sacroiliac joint dislocation.
An anatomic reduction of the sacroiliac joint must be per-
formed before the TIS or IS screw placement. Otherwise, the
damage of blood vessels and nerves will also occur in the
incompletely anatomical reduction cases.

Conclusions

Sacral dysmorphism occurs in 32% adults. The most common
cause of sacral dysmorphism is the fusion of L5 to the first
sacrum, which constitutes almost 2/3 of the cases. The S1
front edge height and S1S2 angle can be used to predict the
feasibility of TIS screw placement. In sacral dysmorphism, the
unilateral IS screw should be placed obliquely in the S1 seg-
ment, and the S2 segment usually has a sufficient OFP for the
7.0-mm TIS screw. Using a S3 TIS screw and two TIS screws
in the first segment is not recommended because theoretically,
the risk is high.
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