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Abstract

Introduction Patients suffering from osteoporosis-associated fragility fractures of the sacrum (FFS; also termed sacral insuf-
ficiency fractures) are increasingly observed. They have typical fracture patterns with fracture lines located in the sacral ala.
When treating these patients operatively, iliosacral screw loosening is not uncommon. We aimed to study the sacral bone
mass in patients presenting with a FFS using 3D statistical models.

Materials and methods 3D models of averaged Hounsfield units (HU) were generated based on CT scans from 13 patients
with a unilateral FFS (mean age 79.6 years; 11 females, 2 males). The control group without fractures consisted of 28 males
and 32 females (mean age of 68.3 years). A virtual bone probe along the trans-sacral corridors S1 and S2 was taken.
Results The bone mass distribution in the fractured sacra was similar to the control group, however, with overall lower HU.
Large zones of negative HU were located in the sacral ala. In the fractured sacra, the HU in the sacral ala was significantly
lower on the non-injured side when comparing to the fractured side (p <0.001) as well as compared to the non-fractured
group (p <0.001). Low bone mass was observed in sacral body S1 (40 HU) and S2 (20 HU).

Conclusions The extensive area of negative HU may explain the fracture location in the sacral ala. The low HU in the
sacral bodies advocates the use of trans-sacral implants or augmented iliosacral screws to enhance the strength of fracture
fixation. The increased HU in the fractured ala could be explained by fracture-asssociated hemorrhage and can be used as
a diagnostic tool.
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Introduction

Fragility fractures of the pelvis (FFP) and fragility fractures
of the sacrum (FFS, also termed as sacral insufficiency
fractures [1]) have become more prevalent [2] due to an
increased elderly population and a continuous rise of people
affected by osteoporosis [3]. There is only scarce informa-
tion about the incidence of isolated FFS. They were found
in 1.8% of women aged > 55 years presenting with lower
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back pain [4]. However, they are often part of FFP; a frac-
ture of the posterior pelvic ring that is found in 82-98% of
elderly presenting with an anterior pelvic fracture [5, 6]. FFS
exhibit distinct patterns with the fracture lines being located
uni- or bilaterally in the sacral ala, corresponding to Denis
zone I [7]. Sometimes, there is a transverse fracture line,
creating an H-type fracture pattern [1, 5, 8]. This is similar
to the spinopelvic dissociation described by Roy-Camille
et al. [9], but with different trauma mechanism and clinical
circumstances [10]. H-type fractures have been found in 21%
of FFS in a series including 245 patients with a FFP [5]. A
possible explanation for these “unique and consistent loca-
tions” [8] are the large areas of low bone mass identified in
the sacral ala extending from S1 cranially to S3 caudally.
Furthermore, the bone mass is markedly lower in S2 com-
pared to S1, which may explain the occurrence of an asso-
ciated transverse fracture between S1 and S2. These results
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were demonstrated by a previous study using a 3D statistical
modeling approach in individuals without fractures [11].

The primary therapeutic approach in non-displaced FFS
is conservative treatment with pain-adapted mobilization
and analgesic medication. In displaced fractures of the
sacrum and in cases of long-standing pain, however, surgi-
cal stabilization is recommended. To minimize the surgical
trauma in this frail patient group, the least invasive approach
is preferred [1]. Nevertheless, when fixing sacral fractures
with percutaneous iliosacral screws in elderly, loosening
with backing out is seen in up to 14% [1, 12]. This can be
prevented using cement augmentation [13] or trans-sacral
implants [1, 14, 15].

Regarding the unique fracture pattern and challenges in
the operative fixation of FFS, the goal of this study was
to analyze the sacral bone mass in patients with a non-dis-
placed FFS, using a 3D statistical modeling approach [16].
We further compared the data with the bone mass of elderly
without sacral fracture [11]. We hypothesize that patients
with sacral fractures exhibit a lower bone mass, especially
in the sacral ala.

Materials and methods

A retrospective series of anonymized pelvic CT scans from
13 patients with a unilateral non-displaced FFS older than
60 years was included. Patients with bilateral or displaced
sacral fractures, and such with signs of fracture consolida-
tion or non-union were excluded on beforehand. The scans
were acquired with following CT machines and protocols:
nine with Philips Brilliance 64 (5 with protocol B, 4 with
protocol D), one with Philips iCT 256 (protocol B), two with
Siemens Somatom Zoom (B60s protocol), and one with Sie-
mens Sensation 64 (B60s protocol). All scans were without
intravenous contrast medium. A tube voltage of 120 kVp
was applied. The mean voxel resolution in x and y direction
was 0.7 mm (£0.12), and 1.2 mm (£ 0.6) in z direction.

60 individuals served as the control group with an
age > 60 years without fractures, which were part of a pre-
vious study [11]. They had a mean age of 68.3 years (+5.3),
28 were males and 32 females. CT scanners SOMATOM
Sensation 64 and SOMATOM Definition (Siemens AG,
Erlangen, Germany) were employed. B45f convolution ker-
nel was used, and a tube voltage of 120 kVp applied. Intra-
venous contrast was used in all the individuals.

To quantify the general bone mass of each patient, the
average Hounsfield units (HU) in a circular region of inter-
est in the mid-sagittal and mid-transverse plane of LS was
calculated using synedra View Personal (Version 1.1.0.1,
synedra information technologies GmbH, Innsbruck, Aus-
tria) [11].
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A 3D model of each sacrum was generated using Amira
software (Amira 5.4.1, Visage Imaging, Inc., Berlin, Ger-
many) as described previously [16]. The voxels of sacra
with fractures on the right side were mirrored at the mid-
sagittal plane to simulate fractures on the left side. Hence,
after processing, the fractures were located on the left side
in all sacra. The homologous voxels were averaged within
the sacral mean shape [16].

To demonstrate sites of low bone mass, negative HU were
segmented and visualized within the mean shape. A virtual
bone probe with a diameter of 7 mm was placed centrally
along trans-sacral corridors S1 and S2. These values were
visualized using Excel (Version 2010, Microsoft Corpora-
tion, Redmond, CA, USA) [11].

To compare the values of the fractured and non-fractured
side, the respective difference of HU along the virtual bone
probe in S1 and S2 was calculated. Therefore, the values
were mirrored at the sacral midline. The alar region was
determined for S1 by the region with less than 50 HU in
the control group and for S2 by negative HU in the control

group.
Statistical analysis

Normal distribution of continuous data was tested using
the Kolmogorov—Smirnov test. After confirming a signifi-
cant probability of a normal distribution, we calculated the
descriptive statistics and compared different groups using
the unpaired ¢ test and SPSS for Windows (Version 19, 2010,
IBM Corp., Armonk, NY, USA). A p value of <0.05 was
considered as statistically significant.

Results

The mean age of the 13 patients included was 79.6 years
(9.2, 61-95), 11 were female and 2 male. Three patients
sustained a right-sided and ten a left-sided fracture of the
sacral ala. This was accompanied by an ipsilateral fracture
of the anterior pelvic ring in 10 patients, and one patient
had bilateral anterior pelvic ring fractures (all FFP Type
IIc [5]). Two patients presented with an isolated FFS (FFP
Type IIa [5]).

The mean HU in L5 were significantly lower in the group
with fractured sacra (mean 49 HU +31.7, range 10-115)
when comparing to the non-fractured control group (mean
124 HU +51.1, range 14-259; p <0.001; Fig. 1), indicating
a lower vertebral bone mass.

The bone mass along the trans-sacral corridors was mark-
edly lower in patients with a FFS when comparing to the
control group (Fig. 2). The overall bone mass distribution
showed a similar pattern, except to the comparably higher
HU in the sacral ala at the fractured side (Denis zone I [7]).
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Fig. 1 Averaged Hounsfield units measured in the L5 vertebra
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Fig.2 Virtual bone probe along trans-sacral corridor S1 (a) and S2
(b). The fractured left side (in the figure right) has lower HU in the
sacral ala comparing to the non-injured side. Overall, the values in
the fractured sacra are lower than in the non-fractured control group.
The HU in the sacral bodies of the fractured group are alarmingly low

In the sacral body S1 (Denis zone III), the averaged values
were as low as 40 HU with peaks of moderate HU being at
the transition of the sacral body to the zone of the sacral
(Denis zone II). In sacral body S2, the averaged values were
only about 20 HU. Also, cortical bone at the auricular sur-
faces of the sacrum demonstrated lower HU in S1 and S2
when compared with non-fractured sacra.

The averaged bone model revealed a similar 3D distribu-
tion of negative HU when compared with the previously
published data of bone mass in individuals with low general
mass (< 100 HU in LS) without sacral fracture [11] (Fig. 3).
The area of negative HU in the non-injured sacral ala was
slightly larger with more negative HU in the sacral bod-
ies. The fractured side, however, revealed a smaller area of
negative HU.

The HU of the averaged model along the trans-sacral cor-
ridors S1 and S2 were assessed (Table 1). We found that
the fractured side had significantly higher averaged HU in
the sacral ala compared to the non-injured side (in S1 10
HU+83vs. —33HU=+15.1;in S2 — 17 HU+9.5 vs. — 53
HU +16.1; both p <0.001). The HU of the ala on the frac-
tured side were similar to the values in the control group
(in S1 10 HU+8.3 vs. 20 HU+17.1, p 0.12; in S2 — 17
HU=+9.5 vs. — 18 HU +10.3; p 0.76); however, the non-
fractured side of the patients with FFS had significantly

Fig.3 Anterior semitransparent view of the sacral mean shape with
negative HU in red. The fractured side is left, in the figure hence on
the right. Extensive area of negative HU (in red) on the non-fractured
side from S1 down to S3 with some extension in direction of sacral
body S2. On the fractured left side (right) less negative HU especially
in S1
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Table 1 Averaged bone mass

; Distance CT values (HU)
along trans-sacral corridors of

a
the mean models (mm) S1 fractured  S1 non-fractured S1 control  S2 fractured S2 non-fractured S2 control

62 187 129 0 0 0
5 218 153 297 0 0 0

51 21 108 0 0 0
10 24 8 71 119 1 180
12 25 -3 47 187 159 206
15 14 -30 28 64 125 90
17 11 - 36 11 29 36 50
19 7 -37 5 1 2 26
22 4 - 41 2 -5 -22 10
24 6 - 52 5 -8 -30 -3
27 5 - 50 12 -20 —45 -21
29 -3 -31 24 - 18 - 174 -29
32 17 -20 45 -31 - 61 —28
34 23 1 59 -24 - 65 -27
37 41 9 62 —-15 - 60 —-15
39 34 45 79 -3 -37 -8
41 59 62 119 12 -32 17
44 96 78 162 7 5 55
46 101 92 174 29 1 90
49 92 87 168 39 10 105
51 75 94 172 43 25 114
54 50 55 156 36 22 113
56 37 39 137 21 7 102
58 30 30 122 10 10 98

Bold values represent the sacral ala

“Distance from lateral towards midline

lower HU than the control group (in S1 — 33 HU+15.1 vs.
20HU+17.1;in S2 — 53 HU+16.1 vs. — 18 HU+10.3;
both p <0.001).

Discussion

The sacra of elderly suffering from a unilateral FFS dem-
onstrated an overall lower bone mass; the most markedly
decrease was in the sacral bodies. The lateral limits of the
sacral body S1 demonstrated moderate values of bone mass.
Compared to the non-injured side, the gray values in the
fractured zone were significantly higher.

The overall distribution of negative HU and bone mass
along trans-sacral corridors in patients with FFS was simi-
lar to non-fractured sacra as reported previously [11]. The
fractured sacra, however, revealed not only generally lower
values, but there was a large difference in bone mass in the
sacral bodies [17]. The values in the sacral bodies of patients
with FFS were very low: approximately 40 HU in S1 and 20
HU in S2. This is clinically important as the threaded part of
IS screws inserted for fracture fixation is located in the sacral
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body [18]. The stability achieved by these screws depends on
a good holding power to exert compression on the fracture
site. The low values of bone mass measured in the sacral
bodies of the 13 patients with FFS may explain the higher
risk of loosening of IS screws seen in osteoporotic patients
[1, 12]. This may advocate the use of trans-sacral implants,
as we suppose, that they do not depend on the sacral bone
mass but on the density of iliac cortical bone [15, 19, 20].
However, the use of trans-sacral implants can be limited by
the variable anatomy of the upper sacrum [21, 22]. Alter-
natively, this finding may support cement augmentation
of iliosacral screws [13]. Their use led to significant pain
reduction with a low complication rate [23]. Biomechani-
cally, cement augmentation failed to show significant con-
struct strengthening [24—26]. However, the mode of failure
changed from screw backing out in non-augmented screws
to breaching of the iliac cortex when using augmentation
[26]. This may be caused by a better anchorage in the sacral
body leading to less subsidence at the screw tip [25]. The
mode of augmentation, before screw insertion or through
perforations at the screw tip, did not reveal different pull-out
strength [27].
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The extent of negative HU in the non-injured ala of frac-
tured sacra, representing mainly fatty bone marrow [28],
may explain the typical pattern of FFS, which often are
located in the sacral ala (corresponding to Denis I [7]) [1,
5,8, 11].

The higher HU observed in the fractured sacral ala could
be explained by fracture-associated intraosseous hemor-
rhage, crush zones with increased intertrabecular interden-
tation, or also beginning, radiologically non-visible fracture
consolidation. Following Henes et al. [29], a side difference
of 36 HU in the sacral ala assessed by CT indicates an occult
fracture located in the sacral ala confirmed by MRI. This
method had a sensitivity of 79% and a specificity of 100%
(Fig. 4). In our collective, similar values were observed with
a difference between the fractured and non-injured side of 43
HU in S1 and 36 HU in S2. This may be a valuable diagnos-
tic tool in the diagnostics of FFP and FFS. When a CT scan
is performed in patients with sacral pain without evidence of
a sacral fracture, HU measured in the sacral ala on both sides
could confirm or exclude an occult sacral ala fracture [1].

Sacroplasty is used in some centers for pain relief in FFS
by injecting PMMA (polymethylmethacrylate) cement into
the fractured sacral ala [30]. Sacroplasty is supposed “to
restore structural stability to the weakened bone” [30]. The
biomechanical data supporting this, however, is controver-
sial [31-33]. When considering the large alar region contain-
ing negative HU in the fractured group, representing fatty
bone marrow [28] (visualized in Fig. 3), as large cement
volumes as 6 ml are used to fill the alar void [34].

We hypothesize that the moderate peaks at the outer
limits of the sacral body S1 are trabeculae extending from
the cranial endplate of S1 to the anterior sacral cortex [35].
They may persist with major bone loss similar to principal
compressive trabeculae in the proximal femur [36], which
would demonstrate their importance in weight transmission.

| 5 r -
Mittelwert: -39, Abweichung: 203 Mittelwert: 14, Abweichung: 206

Fig.4 82 years old female presenting with a isolated anterior pelvic
ring fracture on the left side. As there was severe lower lumbar pain
without evidence of a fracture in the CT (a), an MRI was obtained.

We demonstrated a noticeable lower sacral and vertebral
bone mass in injured patients comparing to individuals with-
out a FFS. As osteoporosis-associated fragility fractures are
more prevalent in elderly and female gender [3], the non-
fractured control group was significantly younger with
more males. Hence, a lower general bone mass in patients
with FFS was expected to some extent and confirmed in
the sacrum as well as in L5. Similarly, in elderly with a
fracture of the proximal humerus, a lower local bone mass
was demonstrated in the contralateral humerus compared to
a collective without fractures [37].

The limitations of this study were the use of multiple CT
machines, which may have an influence on the level and
calibration of HU. Using a tube current of 120 kV, a minor
difference between scanners was shown for water (0-8 HU)
and for diverse phantom measurements (between 0 and 10
HU and 0-18 HU) [38]. However, in cortical or cancel-
lous bone, this was not yet demonstrated. The comparison
with the control group is limited by the use of iv-contrast
medium, but the studies remain controversial [39]. As men-
tioned above, the control group was not matched for gender
or age. Another limitation was the comparable low number
of patients with fractures, because we excluded displaced
sacral fractures, patients with bilateral sacral fractures, and
such with visible signs of fracture consolidation or non-
union. We used clinical CT scans without calibration to a
bone mineral density phantom, hence formal diagnosis of
patients with osteoporosis or osteopenia was not possible.
We consider clinical CT’s as relevant as their measured bone
mass correlate with bone mineral density [40]. The use of
clinical CT scans in the diagnosis of osteoporosis was advo-
cated recently [41, 42]. Due to a lack of therapeutic conse-
quence, patients in our center did not undergo a MRI, hence
in our fractured patients, a contralateral occult fracture was
not possible to rule out [1].

This showed a bone bruise in the left sacral ala (b). On the left side
in S1, there was an increase of 55 Hounsfield Units (a) as an indirect
sign of an occult fracture
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We showed that also cortical bone of patients with FFS
had lower HU. However, with the resolution of clinical CT’s,
it is not possible to differentiate a progressed trabeculariza-
tion of the cortical bone from a cortical thinning [43]. Fur-
ther research could aim at studying the thickness of cortical
bone in sacra, especially in such with a FFS.

Conclusions

Sacra with non-displaced FFS demonstrated low bone mass
especially in the alar region. The values in the sacral bod-
ies were significantly lower than the values measured in a
control group without FFS. These findings support the use of
trans-sacral implants for the treatment of FFS or FFP, as the
stability of these constructs does less depend on the screw
purchase in the sacral body comparing to iliosacral screws.
Alternatively, augmentation of iliosacral screws could be
considered. The higher HU in the fractured area compared
to the non-fractured side helps to diagnose occult fractures
in the CT.
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