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Abstract
Summary This matched case-control study compared the
computed tomography (CT)-based regional bone density of
patients with fragility fractures of the sacrum to a control
without fracture. Patients with a sacral fracture demonstrated
a significantly lower regional bone density of the sacrum, the
sacral bone density not being correlated with the BMD by
DXA of the spine.
Introduction The aim of this study is to compare the comput-
ed tomography-based regional bone density measured by
Hounsfield units (HUs) in patients with and without fragility
fractures of the sacrum.
Methods Patients aged ≥ 50 years with a fragility fracture of
the sacrum were compared to patients of similar age and gen-
der who had a fall from standing height without fracture (n =
46). A matched case-control analysis was conducted by retro-
spective chart review and assessment of areal bone mineral
density by lumbar DXA and by volumetric regional HU mea-
surements in uncalibrated CT scans of the sacrum.
Results Patients with a sacral fracture (age 74 ± 11 years)
showed a lower bone density in the body of S1 (HU 85 ±
22) when compared to the matched control group without

fracture (age 73 ± 10 years, HU 125 ± 37, p < 0.001). The
CT-based bone density of S1 did not correlate with the DXA
values of the lumbar spine (r = 0.223, p = 0.136), and lumbar
spine T-scores did not differ between the groups (− 2.0 ± 1.3
vs. − 1.9 ± 1.2, p = 0.786). All measurements are based on
uncalibrated scans, and absolute HU values are restricted to
scans made on Siemens SOMATOM Force or SOMATOM
Edge scanners.
Conclusions Patients with fragility fractures of the sacrum
demonstrated a lower regional volumetric bone density of
the sacrum when compared to a cohort without a fracture.
Local sacral volumetric bone density as measured by CT
seems to be independent from the areal BMD as measured
by DXA of the lumbar spine.
Level of evidence: level III.
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Introduction

Osteoporosis is frequent among the elderly population and is
associated with an increased risk for fragility fractures [1, 2].
Fragility fractures can result in immobility-associated compli-
cations and death [1, 3, 4]. While vertebral fractures are the
most common osteoporotic fractures, fragility fractures of the
pelvis have increasingly come into focus as they may more
directly affect a person’s ability to walk [5]. Morbidity and
mortality rates after fragility fractures of the pelvis are com-
parable to those after hip fractures [6].

In order to avoid such fractures, it is important to identify
individuals at risk. A key risk factor for sustaining a fragility
fracture is impaired bone quality. The most accepted method
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for detecting osteopenia or osteoporosis by evaluating the ar-
eal bone mineral density (BMD) is dual-energy X-ray absorp-
tiometry (DXA) of the hip or vertebra. The DXA T-score is
correlated with fracture risk and can indicate progression or
remission of osteoporosis [7, 8]. However, DXA of the hip or
spine may not necessarily depict the bone quality of the pelvis.

In contrast to DXA, computer tomographs (CTs) are
readily available for immediate diagnosis of pelvic frac-
tures. Bone quality in the fracture region, in terms of volu-
metric bone density, can be estimated from Hounsfield unit
(HU) measurements in routine diagnostic CT scans [7,
9–11]. Furthermore, a correlation of CT gray values in
HU and biomechanical properties has been shown [1, 7, 9,
11, 12]. Using HU in combination with structural parame-
ters as trabecular thickness, trabecular number, and ratio
between bone total volume and trabecular volume may pre-
dict biomechanical properties even better [11]. The advan-
tage of HU is that it can be measured with most of the
standard picture archiving systems (PACS) available.

Silva et al. proposed that HU measurements can be used as
a predictor for fracture patterns and failure loads [13].
Whereas the DXA is less widely available, CT scans have
become a routine diagnostic tool in patients with fragility frac-
tures of the pelvis or sacrum. Using CT-based HU measure-
ments of the sacrum for the assessment of bone quality in
these patients would have the advantage of no added costs,
no additional radiation exposure, and immediate information
about the local bone density of the fractured entity.

The hypothesis of this study was that the sacral bone den-
sity expressed in HU is lower in patients with fragility frac-
tures of the pelvis than in normal controls.

The aim of the current study was to compare the bone
density in HU with computed tomography in the fractured
sacral alae of an elderly population compared to matched case
controls.

Methods

Patients

The protocol of the present study was approved by the local
ethics committee (Kantonale Ethik-Kommission Zürich,
KEK-ZH-No. 2016-01758).

All 198 consecutive patients aged over 49 years managed
for pelvic low-energy trauma at a university trauma center
between January 2007 and October 20, 2016, and examined
with both computed tomography (CT) of the pelvis and DXA
of the spine were retrieved using institutional clinical informa-
tion system (KISIM, Cistec AG, Zurich, Switzerland).

Only patients with an isolated fragility fracture of the pelvis
with unilateral involvement of the sacrum who had CT and
DXA scans within 18 months of the trauma were included

(n = 34). A fragility fracture of the sacrum was defined as a
cortical discontinuation secondary to an inadequate trauma
(e.g., falling from standing height). Patients with only a uni-
lateral fracture were included to allow for unbiased measure-
ments at the contralateral, unfractured side of the sacrum.

Excluded were nine patients because of earlier documented
sacral fracture (n = 2), out-of-hospital CTexamination (n = 2),
bone tumors or metastatic disease of the spine and pelvis (n =
0), spinal deformity or degenerative changes (n = 4), and in-
adequate scan technique (n = 3).

Twenty-three fracture patients were included into the final
analysis and were matched by age and gender to a cohort of
patients who had had a fall from standing height but no frac-
ture of the pelvis and had a CT scan of the sacrum and a DXA
of the spine within 18 months after the trauma. Matching was
conducted by a data query from the institutional clinical infor-
mation system and was possible for all 23 patients. By a ret-
rospective electronic chart review, demographic data includ-
ing weight and height as well as data regarding the patients’
smoking history, drinking behavior, rheumatic diseases, pre-
viously documented osteoporotic fragility fractures, and bis-
phosphonate and cortisone medications were collected
(Table 1).

Imaging

DXA scan data, obtained for the first to the fourth lumbar
vertebrae, included T-scores and areal BMD (measured in
g/cm2) [7]. CT scans were performed on multiple-detector
computed tomography (MDCT) units using standard protocol
settings (see Table 2); raw data were reconstructed in axial
images at 1.5-mm slice thickness and 1.5-mm increment using
bone convolution kernel and field of view 340 × 340 with a

Table 1 Baseline characteristics

Fracture Control p

n 23 23

Age (years) 74, SD 11 73, SD 10 Matched

Gender Female Female Matched

Trauma Low energy Low energy Matched

Height (cm) 157, SD 6 157, SD 6 0.878a

Weight (kg) 59, SD 17 64, SD 14 0.244a

BMI (kg/m2) 22.7, SD 7.2 26.1, SD 4.9 0.069a

Smoker (n) 2 5 0.453b

Alcohol (n) 1 1 1.000b

Rheumatoid arthritis (n) 5 6 1.000b

Steroids (n) 5 4 1.000b

Bisphosphonates (n) 11 11 1.000b

a Paired-sample t test
bMcNemar test
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matrix 512 × 512 (SOMATOM Force or SOMATOM Edge,
Siemens Healthineers, Munich, Germany). The scanners were
calibrated regularly by the use of a phantom.

Hounsfield unit measurements

Volumetric bone density expressed in HU was done in the
corpus of S1, S2, and L5 and in the alae of S1 in CT scans
of the pelvis. The multi-planar reformats (MPR) tool of the
picture archiving system (Impax, AGFA HealthCare, Mortsel,
Belgium) was used to measure the HU values for the different
sites. To standardize measurements, while taking normal ana-
tomic variation into consideration, the midbody location of
S1, S2, and L5, as well as the midpoint of the S1 alae, was
defined by two cross-reference lines in each of the axial, sag-
ittal, and coronal planes [12]. In the sagittal plane, the refer-
ence lines were drawn parallel to the tangent of the inferior
and of the superior vertebral plates as well as the most dorsal
and ventral points of the sacral and lumbar bodies (Fig. 1). In
the axial plane, the reference lines were drawn through the
midpoints of the spinal process and parallel to the tangent of
the most anterior point of the sacral and lumbar bodies. In the
coronal plane, the reference lines were drawn through the
midpoints of the sacrum as well as, for measuring the alae,

through the midpoints of the sacral foramina and parallel to
the tangent of the most anterior points of the sacral body as
well as the most anterior points of the alae.

For each point of interest, the largest possible circular re-
gion of interest (ROI) was placed, excluding the adjacent cor-
tical bone to reduce the potential of distorting the average
medullary volume (Fig. 1) [7]. Similar to the study of
Schreiber et al., initial tests displayed no significant difference
between mean values of multiple small, round ROIs versus a
single maximally sized circular ROI [7]. In the fracture group,
only the ala contralateral to the fracture was measured, in
which values for both alaes were averaged in the control
group. All measurements were performed in triplicate and
averaged. For each sacral or lumbar body, the axial and sagit-
tal ROIs were averaged.

Statistical analysis

A matched case-control analysis was conducted (N = 23 per
group; N total = 46).

The primary outcome was the CT-based bone density of the
body of S1 measured in HU. Prior to data acquisition, a sam-
ple size calculation was performed with a desired two-tailed
type I error of 0.05 and a power of 0.90. Based on literature
data, a relevant difference was considered to be 30HUwith an
expected standard deviation of 40 HU [7]. This revealed a
minimum sample size of 19 per group, which in the current
study is exceeded by the 23 matched pairs with 46 patients
included in total [14].

Further statistical analysis was done by the use of SPSS for
Windows 23.0 (SPSS, Chicago, Illinois, USA). Data are pre-
sented as frequencies (n) and means with the standard devia-
tion (SD). Case matching of patients was performed based on
age (± 5 years), gender, and trauma (fall from standing height).

To assess differences between the two matched groups, a
paired-sample t test was used for the normally distributed
continuous data and McNemar’s test for categorical data.

Table 2 Radiation dose protocol

Fracture Control p

n 23 23

Tube voltage (kV) 114, SD 9 117, SD 7 0.283a

Tube current (mA s) 217, SD 98 211, SD 87 0.814a

Radiation dose as
CTDIvol (mGy)

13.4, SD 6.7 14.0, SD 6.6 0.694a

CTDIvol computed tomography dose index-volume for large phantom
diameter (32 cm)
a Paired-sample t test

Fig. 1 Regions of interest (ROIs)
for HU measurements in the sag-
ittal (a) and axial (b) planes
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[15] Correlations between continuous data sets were tested
using the Pearson’s correlation coefficient. The level of statis-
tical significance was set at p ≤ 0.05.

Results

Forty-six female patients with a mean age of 73.1 years (SD
10.4 years) were analyzed in this matched case-control study.

In the current study, the body of S1 showed the highest CT-
based bone density (HU 105, SD 36) when compared to the
body of S2 (HU 43, SD 46; ANOVA, p < 0.001), the sacral
alae at the level of S1 (HU 0, SD 36; ANOVA, p < 0.001), and
the body of L5 (HU 82, SD 36; ANOVA, p = 0.029; Fig. 2).
The sacral alae had the lowest bone density of all measured
regions (ANOVA, p < 0.001).

Patients with a sacral fracture (mean age 74 years, SD
11 years) showed a significantly lower average bone density
in the corpus of S1 (HU 85, SD 22, Fig. 3) when compared to
the matched control group without fracture (mean age
73 years, SD 10 years, all female; HU 125, SD 37, paired-
sample t test, p < 0.001). In line with this, the alae of the
fracture group had a significantly lower bone density when
compared to the control (HU − 22, SD 29 vs. HU 23, SD 28;
paired-sample t test, p < 0.001; Fig. 3).

The lumbar spine T-scores did not differ between the
groups (− 2.0, SD 1.3 vs. − 1.9, SD 1.2, paired-sample t test,
p = 0.786).

The whole-population T-score measured at the lumbar
spine (total mean − 2.0, SD 1.2) did correlate with the CT-
based bone density of neither S1 (HU 104, SD 36, Pearson’s

r = 0.223, p = 0.136) nor L5 (HU 81, SD 36, Pearson’s r =
0.196, p = 0.198).

In this very homogeneous group of matched elderly female
patients, both the lumbar T-score (Pearson’s r = − 0.185, p =
0.217) and the CT-based bone density measured in HU in S1
(Pearson’s r = − 0.182, p = 0.227) did not correlate with age
(total mean 73 years, SD 10 years; Fig. 4).

Discussion

This study aimed to compare the bone density in HU with
computed tomography in the fractured sacral alae of an elderly
population compared to matched case controls.

It was our hypothesis that the sacral bone density expressed
in HU is lower in patients with fragility fractures of the pelvis
than in normal controls.

In this study, individuals with a sacral fracture had a signif-
icantly lower average bone density in the body of S1 when
compared to the matched control group without fracture. The
fracture cohort showed a significantly lower bone density in
the first sacral segment and the alae of S1. In the regional
analysis, the sacral alae had the lowest bone density of all
measured regions; this was especially prominent in the alae
of the fracture group.

In line with previously published studies, the body of S1
showed the highest and the sacral alae showed the lowest CT-
based bone density compared to the other measured sites in
this study [12, 16]. This is consistent with data by Peretz et al.
who identified a so-called alar void in the sacral ala at S1,
representing a zone with a lower bone thickness compared
to the S1 vertebral body [1, 16, 17]. It has previously been

Fig. 2 CT-based bone density by
measured regions
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proposed that fragility fractures of the sacrum are typically
located in this paraforaminal region. [16, 18]

The HU-determined bone density of the sacrum did not
correlate with the lumbar DXA values. This is in line with
literature, where only weak correlations between the two
values have been found [19–21]. Local sacral volumetric bone
density seems to be independent of the areal BMD as mea-
sured by DXA of the lumbar spine. Our findings indicate that
HUmeasurements of the sacrummay have a higher sensitivity
than DXA T-scores as a determinant of the pelvic fragility
fracture risk.

The limitations of this study are inherent with its retrospec-
tive study design. Thus, the relationship between the occur-
rence of a sacral fracture and low HU values of the sacrum
may not be proven to be causal due to potential confounders
not accounted for by the study design. However, it was sought

to compensate for this by adhering to a strict matched case-
control design following an a priori sample size calculation.
All patients included into analysis happened to be female.
This may be a potential bias or simply represent the reality
when dealing with elderly patients with fragility fractures of
the pelvis. Of notice, the sample of this study was not powered
to investigate differences in DXA scans and thus, one cannot
safely exclude that differences in DXAvalues exist in patients
with versus without pelvic fractures.

The key primary outcome variable of this study was HU
values. All measurements were repeated three times, but even
sequential measurements of radiographic parameters are al-
ways highly dependent on the quality of the CT scans. The
scans were taken by the use of last-generation CT scanners of
a single company. This has the advantage of a higher between-
scanner reliability of the data, but the results may be less

Fig. 3 CT-based bone density by
groups and measured regions

Fig. 4 Correlation of the CT-based bone density in the body of S1 with the individuals’ a T-score and b age
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comparable across CT scans acquired by the use of CT scan-
ners from other manufacturers or of older generation [22].

As we were looking for a parameter that clinicians could
measure using their standard PACS, the CT-based HU mea-
surements were performed without using comparative phan-
toms. Uncalibrated CT scans cannot be seen as a replacement
of DXA or quantitative CT [23]. The CTscanners used for this
study were calibrated by the use of phantoms on a regular
basis and were performed with automatic exposure control,
which aims to adjust the tube current on the basis of the
amount of attenuation detected, accounting for the patient’s
body habitus [7]. However, these automatic exposure proto-
cols are highly dependent on the manufacturer of the CTscan-
ner and there exist differences in HU/BMD conversion of up
to 20% [22]. Therefore, the results of this study cannot be
directly compared to other studies but need to be set in context
of these variabilities (Appendix 1).

In summary, HU values may not be an ideal tool for
assessing absolute bone mineral density. However, the results
of this matched case-control analysis in combination with the
findings of other studies [7, 19, 24] suggest that HU measure-
ments could be used for an earlier identification of patients at
risk for fragility fractures of the pelvis—even in the presence
of a normal DXAT-score. A lack of general osteopenia in the
lumbar spine, as measured in this study by DXA and local HU
values of L5, does not necessarily preclude the presence of a
noticeable local osteoporosis of the sacrum. In this manner,
the HU value may be used as a guide for performing supple-
mentary investigations, such as DXA scans or blood tests, for
metabolic bone disease [7].

HU values may even prove to be a prognostic factor of
implant stability [25–28] and serve in the decision-making
for or against cement augmentation of sacral screw fixation
[29].

It has to be clear, though, that uncalibrated CT scans such
as those used in this study cannot replace a standardized as-
sessment of bone mineral density (e.g., by DEXA or QCT).
Future studies may further investigate the predictive power of
CT-based bone density measurements and—in a further
step—may implement algorithms based on HU threshold
values. Yet, while HU normative values are available for other
regions of the skeleton [30, 31], further investigations will be
needed to generate reference values for the spine and the
sacrum.

Conclusion

In a matched analysis (age/gender/injury severity), patients
with fragility fractures of the pelvis demonstrated lower gen-
eral and regional bone densities of the sacrumwhen compared
with a cohort without a fracture. This difference was especial-
ly pertinent in the comparison of the alae of the S1 level. Local

sacral volumetric bone density seems to be independent from
the areal BMD as measured by DXA of the lumbar spine. CT-
based evaluation of the local bone density may serve as a
predictive marker for the elderly patient’s risk of sustaining a
fragility fracture of the pelvis.
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