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a b s t r a c t 

Introduction: Diagnosing sacral insufficiency fractures (SIF) in oncology patients is a challenge 

to radiologists, and recognition of imaging features is essential in order to avoid misdiagno- 

sis of bone metastases and prevent patients from inaccurate treatment. 

Clinical cases: in order to better understand the essence of this pathology and to make 

diagnosis easier, we present three clinical cases of SIF in patients with cervical cancer. 

All patients received radiation therapy (external beam radiation and brachytherapy) and 

chemotherapy with cisplatin. Patients underwent pelvic MRI, CT, SPECT or SPECT/CT exam- 

inations. One patient underwent a FDG-PET/CT examination. 

Conclusions: SPECT/CT should be included in the differential diagnostics when radiologi- 

cal features of pelvic bone pathology on CT or MRI are undetermined or SIF are suspected. 

SIF must always be considered in oncology patients with pelvic pain, especially in post- 

menopausal state and after radiation therapy. For patients with osteoporosis, bone density 

screening and precise review of the most common fracture sites are recommended. 

© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Sacral insufficiency fractures (SIF) are a type of bone fracture
that occurs from normal physiological stress on the bone that
is not sufficiently resilient to elasticity. SIF usually develops
in patients with osteoporosis, osteomalacia, primary hyper-
parathyroidism, rheumatoid arthritis, and Paget’s disease,
while taking corticosteroids or after pelvic radiation therapy
(RT) [1] . Several studies have shown that the incidence of
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insufficiency fractures in risk group patients ranges from
9.5% to 11.4% [ 2 ], and among the elderly from 1% to 5% [ 3 ]. In
order to prevent inappropriate and excessive treatment, SIF
must be distinguished from bone metastases in patients with
oncological diseases. 

A comprehensive understanding of the pathophysiology
associated with the effects of radiation on bone is still un-
clear. Important factors include age, menopausal status, and
genetic factors that increase the risk of fractures [4] . There is
evidence that radiation causes bone matrix damage, increases
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bone marrow fat degeneration, and reduces bone vasculariza-
tion, which contributes to the direct effects of radiotherapy on
bone function and strength [ 5 ,6 ]. 

The clinical signs of sacral insufficiency fractures are not
specific and usually include pain that is difficult to localize
in the pelvis, lower back, buttocks or legs, as well as limited
movement and daily dysfunction. In some cases, the clinic
signs may not appear at all. Symptoms may occur after an
inadequately low-energy injury, although most patients deny
the injury [7] . Symptoms worsen during exercise and are re-
lieved at rest, especially when lying on your back. The diag-
nosis of fracture is also complicated by the fact that exacer-
bations of concomitant pathology, such as spinal canal steno-
sis, lumbar radiculopathy, or osteoarthritis, may be mistaken
for sudden lower back pain onset. As a result, radiological di-
agnosis is often given late, sometimes weeks or months af-
ter the fracture. Pelvic pain after RT is common and raises
concerns about tumor recurrence or metastatic disease in pa-
tients with oncological disease [8] . In addition, SIF can often
be interpreted as malignancies in radiological studies [9] . 

SIF can occur as early as 2 months after RT, but can appear
8 years or even later, with a median duration of 6 to 20 months
[10] . The majority of patients receive conservative treatment,
including resting, immobilization, and analgesia, but unstable
pelvic fractures should be treated surgically [11] . 

Misdiagnosis can lead to unnecessary and expensive diag-
nostic tests and chemotherapy, and late diagnosis and treat-
ment of SIF can cause mobility disorders and complications
[12] . Therefore it is necessary to know radiological and clin-
ical signs of SIF and seek appropriate diagnostic methods to
solve this problem. We present three clinical cases in which fe-
male patients received radiation treatment to the cervix and
subsequently developed pelvic insufficiency fractures. 

Case presentation 

Case 1 

A 61 year-old-woman with IB stage cervical cancer com-
plained of pelvic pain 9 months after chemotherapy and radio-
therapy. The patient was treated with 46Gy external beam ra-
diation (EBR) in 23 fractions following 15Gy brachytherapy (BT)
in 3 fractions. The patient also received cisplatin (total 350mg
in 5 cycles). Pelvic MRI was performed, the signal in sacrum
region was altered (more on the left side), hypointensive sig-
nal zones were visible in sacrum in T1 and T2 sequences
with contrast material accumulation and hyperintense sig-
nal zones in the STIR sequence without clear fracture lines
( Fig. 1 ). The pathology in MRI images were differentiated be-
tween bone metastases and post-radiation/inflammatory or
post-traumatic changes. 

1 month later, bone scintigraphy was performed to rule out
bone metastases. Plain images showed a typical “Honda” or
“H” sign ( Fig. 2 ). SPECT/CT images revealed fracture lines in
the left lateral side of the sacrum with osteosclerosis and in-
creased Tc-99m MDP uptake – the changes were interpreted
as insufficiency fractures. The diagnosis was confirmed by fol-
lowing radiological examinations and by changes of clinical
signs. 

Case 2 

A 52-year-old woman diagnosed with IIB stage cervical can-
cer was treated with 50,4Gy EBR in 28 fractions following 28Gy
brachytherapy in 4 fractions and chemotherapy with cisplatin
1,8mg/week (total 310mg). 34 months later the patient pre-
sented with a complaint of low back pain radiating to both
lower limbs. She was treated on analgesics, which did not al-
leviate the pain. Pelvic MRI was performed to look for disease
progression. T1 and T2 sequences showed uneven hypointen-
sive signal, contrast material accumulation zones ( Fig. 3 ). Lo-
cal inflammatory and post-radiation changes were differen-
tiated with bone metastases. 1 month later, bone scintigra-
phy was performed. An atypical “H” sign (without a horizontal
line) was visible on plain images ( Fig. 3 ). The area of inhomo-
geneous sclerosis without visible fracture lines with intense
accumulation of Tc-99m MDP was observed on SPECT/CT im-
ages – changes were interpreted as sacrum insufficiency frac-
tures. The diagnosis was confirmed by following radiological
examinations and by changes of clinical signs. In subsequent
MRI scans, contrast material accumulation disappeared. 

Case 3 

A 66-year-old woman diagnosed with IIB stage cervical can-
cer was treated with 50,4Gy EBR to cervix, uterus and region
lymph nodes in 28 fractions following 26Gy brachytherapy in
4 fractions and chemotherapy with cisplatin (total 420mg in 6
cycles). 12 months later, a pelvic MRI was performed for dis-
ease follow-up. The patient complained of pelvic pain for a
few weeks. 

T1 sequence showed hypointensive signal in left lateral
sacrum side, contrast material accumulation was seen in this
area ( Fig. 4 ). These changes were interpreted as bone metas-
tases. 1 month later, FDG PET/CT was performed. Examina-
tion showed active metabolic lesion in left sacrum side and
smaller lesion in right sacrum side ( Fig. 4 ). Lesions were in-
terpreted as bone metastases. 6 months later, chest, abdomen
and pelvis CT was performed for disease progression signs.
Pathology in the sacrum was interpreted as possible mixed-
type metastases. 5 months later, a pelvic MRI was performed,
which showed decreased contrast material accumulation in
the sacrum, other changes were similar as in previous ex-
aminations ( Fig. 5 ). A few months later, a bone scintigraphy
was performed. Tc-99m MDP accumulation was seen in the
sacrum lateral sides with no evidence of bone metastases in
other skeletal regions ( Fig. 5 ). Combining SPECT, CT and MRI
images, changes were interpreted as healing sacrum insuffi-
ciency fractures. 

Discussion 

Whole-body bone scintigraphy (WBS) is a sensitive examina-
tion method for the detection of SIF and it is often possible
to see a typical characteristic “H” mark that is visible when
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Fig. 1 – Case 1. Altered MRI signal zones in sacrum (more on the left side) in T1 and T2 sequences (straight blue arrows) with 

contrast material accumulation (curved blue arrow) and hyperintense signal zones in STIR sequence (red arrow). (Color 
version of figure is available online.) 

Fig. 2 – Case 1. Typical “H” sign is seen on planar bone scintigraphy and SPECT/CT images. On CT images fracture lines (blue 
arrows) and osteoclerosis with increased Tc-99m MDP uptake are seen in sacrum. (Color version of figure is available 
online.) 
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Fig. 3 – Case 2. Contrast material accumulation zones and uneven hypointense signal in T1 sequence on MRI images (blue 
arrows). Bone scintigraphy showed atypical “H” sign and inhomogenous osteosclerosis is seen on CT images. (Color version 

of figure is available online.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

fracture lines are in the lateral sides and central part of the
sacrum. According to some studies, this sign is detected in
30%–40% of SIF cases [ 13 ,14 ]. When the typical “H” sign is not
visible or when the patient has a history of oncological dis-
ease, these changes are less specific [15] . Bone metastases may
be present with SIF, so the diagnosis of SIF cannot be made
from WBS alone, therefore a SPECT/CT scan is performed to
improve specificity. 

There are few studies on the role of SPECT/CT in the diag-
nosis of SIF, especially after radiotherapy [ 16 ,17 ]. Diagnosis of
SIF can be a challenge for a radiologist if he or she does not
know and cannot properly assess the features of this pathol-
ogy. 1 of the most common features of SIF are osteosclerosis
and fracture lines in the areas of abnormal radiotracer uptake.
Also, multiple fracture sites can be present in some cases, so
caution must be taken when one fracture line is found [ 16 ].
In all3 of our cases SPECT/CT showed typical or atypical “H”
sign with inhomogeneous osteosclerosis with or without frac-
ture lines in the areas of increased Tc-99m MDP uptake. In
addition, SIF manifest as new pain in the lumbar or pelvic
area without any trauma and the lesions can be interpreted
as bone metastases. Sudhir et al. conducted a study in which
2 patients complained of low back pain with radiation to both
legs and underwent spinal canal decompression, but symp-
toms persisted after surgery [3] . Therefore, the authors con-
cluded that sometimes SIF can be undiagnosed. 

Our clinical cases showed that the use of SPECT/CT after CT
and/or MRI studies, improved diagnostic accuracy in patients
with suspected SIF. Determining the presence of bone metas-
tases after RT has a significant impact on the patient’s further
treatment, particularly because it is associated with reduced
survival [18] . Therefore, the use of SPECT/CT may help in ear-
lier diagnosis and selection of appropriate treatment for pa-
tients with SIF. Moreover, by reducing the frequency of unde-
termined pathological changes and classifying them as non-
malignant lesions, excessive treatment and other costly imag-
ing techniques could be avoided. Also, if the patient is mis-
diagnosed or the diagnosis remains unclear, the person may
need a biopsy, chemotherapy or additional RT to an already
weak and damaged bone [ 17 ,19 ]. 

A biopsy was not performed on any of the patients we stud-
ied. Biopsy is not recommended due to the high possibility of
fracture and low diagnostic value [20] . In addition, there is de-
creased vascularization in RT damaged bone marrow, which
can lead to infection at the biopsy site and cause osteonecro-
sis. Clinical and radiological signs may confirm the diagno-
sis, as the clinical signs improves over time and the radiologi-
cal signs regress, although it should be kept in mind that new
fractures may occur in other areas as well. 

An MRI scan has a high sensitivity for detecting early bone
marrow edema [20] . Sacral bone marrow edema may be inho-
mogenous, with indistinct boundaries; in T1 it appears as a
hypointensive signal, in STIR and T2 sequences as a hyperin-
tensive signal. With bone marrow edema, fracture lines can
also be seen, which occur between 3 weeks and 3 months and
appear as a lower signal band, best seen in T1 contrast se-
quences [20] . The T1 hypointensive signal and the STIR hy-
perintensive signal may also be present in the presence of
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Fig. 4 – Case 3. Hypointense signal on T1 sequence and contrast material accumulation on left sacrum side (straight blue 
arrows). FDG-PET/CT showed active metabolic lesion in left sacrum side and smaller lesion in right sacrum side (curved 

blue arrows). Osteosclerotic areas are seen on CT images (straight blue arrow). (Color version of figure is available online.) 

Fig. 5 – Case 3. Follow-up CT showed inhomogenous sclerosis without visible fracture lines. Follow-up MRI showed slightly 

increased contrast material accumulation in sacrum (blue arrows). Tc-99m MDP accumulation in sacrum lateral sides was 
seen on bone scan images. (Color version of figure is available online.) 
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metastases, but no fracture lines or contrast-enhanced focal
lesions will be visible. Diagnosis of pathology may be more
difficult when no clear fracture lines are visible and there is
an accumulation of contrast material with indistinct bound-
aries; then, such changes are more difficult to distinguish from
metastases. 

Fatty degeneration of bone marrow, as seen in MRI scans,
is a common consequence of RT [21] . Depending on the dose
used, fatty bone marrow degeneration may be seen 10 to 14
days after RT. If RT doses are less than 30–40 Gy, the changes
are reversible, but if doses are greater than 40 Gy, the changes
are irreversible [22] . 

CT and MRI are widely used for the diagnosis of SIF. Cab-
barus et al. compared the two methods for the determination
of SIF [23] . 67 sacral fractures were evaluated and the sensi-
tivity of MRI was 100% and that of CT was 74.6%. However, the
ability of both examinations to identify fracture lines was sim-
ilar (95.3% and 89.7%). According to some studies, the sensi-
tivity of bone scintigraphy to detect SIF is 96% [15] , and SPECT
or SPECT/CT further increases both sensitivity and specificity
[24] . 

Chemotherapy in gynecologic cancer patients is often
used in combination with RT to increase tumor control, but
chemotherapy is also thought to increase RT toxicity. However,
several studies have shown that concomitant chemotherapy
did not significantly affect the incidence of SIF [17] . The preva-
lence of pelvic insufficiency fractures was found to be not sig-
nificantly higher in patients receiving chemotherapy (33/193,
17.1%) than in patients not receiving chemotherapy (67/317,
21.1%). In our clinical cases, all patients received chemother-
apy in combination with RT. 

In several studies, the estimated time after which SIF can
occur due to radiotherapy ranges from 2 weeks to 190 months
after treatment and is difficult to predict [ 25 ,26 ]. But it is im-
portant to note that not all SIF develops after RT. 1 of the most
significant factors in the development of SIF is osteoporo-
sis [27–29] . However, the assessment of bone mineral density
(BMD) by dual-energy X-ray absorption scanning is not com-
mon, especially in patients with cervical cancer. In our study,
all patients had a postmenopausal condition, so it could be
assumed that most of them may have had osteoporosis, but
there were no accurate data on BMD. Therefore, assessment
of BMD is recommended in post-RT and postmenopausal pa-
tients, especially when SIF is suspected. Appropriate screen-
ing and possible treatment for osteoporosis could help reduce
the incidence of SIF, especially after RT. 

Conclusion 

SIF should be suspected in patients with oncological gynecol-
ogy diseases with new onset pelvic and/or lumbar pain, espe-
cially in the postmenopausal state or after radiation therapy.
Moreover, determination of bone mineral density and radio-
logical examination of the pelvic ring are recommended due
to the high risk of fracture development in these areas. Also, a
SPECT/CT scan should be performed when changes in pelvic
bones on CT and/or MRI images are undetermined. 
Patient Consent Statement 

Images in our study are entirely anonymised from which the
individual cannot be identified (MRI, CT, SPECT/CT and PET/CT
images) and do not contain any identifying marks and are not
accompanied by text that might identify the individual con-
cerned. 

Written informed consents for scientific purposes are ob-
tained from patients, but they are in Lithuanian language. We
can send it, if it’s mandatory. 
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