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Sternal insufficiency fracture related to
steroid-induced osteoporosis: A case report
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Osteoporosis often results in fractures, deformity

and disability. A rare but potentially challenging
complication of osteoporosis is a sternal insufficiency
Jfracture. This case report details a steroid-induced
osteoporotic male who suffered a sternal insufficiency
fracture after minimal trauma. Prompt diagnosis

and appropriate management resulted in favourable
outcome for the fracture, though a sequalae involving a
myocardial infarction ensued with his osteoporosis and
complex health history. The purpose of this case report
is to heighten awareness around distinct characteristics
of sternal fractures in osteoporotic patients. Discussion
focuses on the incidence, mechanism, associated
factors and diagnostic challenge of sternal insufficiency
fractures. This case report highlights the role primary
contact practitioners can play in recognition and
management of sternal insufficiency fractures related to
05teoporosis.
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L’ostéoporose cause souvent des fractures, des
difformités et I'invalidité. Une complication rare, mais
potentiellement grave, de [’ostéoporose est la fracture
par insuffisance osseuse du sternum. Ce rapport

décrit en détail le cas d’un mdle atteint d’ostéoporose
causée par les stéroides et qui a subi une fracture par
insuffisance osseuse du sternum aprés un traumatisme
minime. Grdce a un diagnostic rapide et une gestion
appropriée, on a obtenu de bons résultats pour la
Jracture, mais des séquelles ont été laissées sous forme
d’un infarctus du myocarde en raison de ses antécédents
médicaux complexes. Le but de cette étude de cas est
de sensibiliser sur les caractéristiques distinctes des
[fractures du sternum chez les patients ostéoporotiques.
La discussion porte sur ’incidence, le mécanisme,

les facteurs associés et la difficulté de diagnostic des
fractures par insuffisance osseuse du sternum. Cette
étude de cas met en évidence le role que peuvent jouer
les chiropraticiens qui offrent des soins primaires dans
le diagnostic et la gestion des fractures par insuffisance
osseuse du sternum liées a I’ ostéoporose.
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Introduction

Osteoporosis affects approximately 1.4 million Can-
adians, mainly postmenopausal and elderly individuals.'
Patients with one or more vertebral fractures are 4-5 times
more likely to have a subsequent vertebral fracture.? There
is also significant risk for fractures at the hip** and wrist’,
leading to further disability and increased economic bu-
rden to society. Authors have proposed that sternal frac-
tures, a rare complication of osteoporosis, are not well
understood.*® Pathogenesis of this condition in osteopor-
otic patients, and its impact on subsequent fracture risk
and overall health, is unclear. Although the clinical pres-
entation and management of isolated sternal fractures are
well known in the general population®', they may have
distinct characteristics in those with osteoporosis, making
it difficult for recognition and management among pri-
mary contact providers.

This case report (event timeline outlined in Table 1)
describes a steroid-induced osteoporotic patient, with
a history of multiple vertebral compression fractures,
suffering a sternal insufficiency fracture, and later experi-
encing a complex sequalae involving a myocardial infarc-
tion (MI) related to his osteoporosis and co-morbidities.
The incidence, mechanism, associated factors and diag-
nostic characteristics of sternal fractures in the osteopor-
otic population will be discussed. In light of the MI that
occurred in this patient’s long-term follow-up, the case
also discusses the potential relationship between MI and
low bone mineral density (BMD) with osteoporosis.

Case Report

A 56 year-old steroid-induced osteoporotic male pre-
sented to his orthopaedic surgeon for post-operative
follow-up. Ten weeks prior to this follow-up appoint-
ment, he had recurrent back pain diagnosed as vertebral
compression fractures, for which he received two-stage
kyphoplasty to T12, L1 and L4 (first stage), and L2, L3
and L5 (second stage), completed two days apart. The pa-
tient reported immediate improvement in pain and was
discharged the next day after an uneventful post-opera-
tive course. He was given oxycodone/acetaminophen and
scheduled for follow-up in 6-8 weeks. His medical history
was remarkable for asthma, chronic obstructive pulmon-
ary disease, rheumatoid arthritis, multiple previous chest
infections and previous compression fractures (treated
with kyphoplasty at T9, T10, and T11). His long-standing
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Table 1:
Timeline of Events
Week | Event
1 Two-stage kyphoplasty for new compression
fractures (T12-L5)
8 Onset of chest pain after reaching into refrigerator
10 Diagnosis of sternal insufficiency fracture

(confirmed on radiographs)
Treatment with pain medication and monitoring

26 Resolution of symptoms related to sternal
insufficiency fracture
Diagnosis of new compression fractures (T7-T8)

27 Kyphoplasty for compression fractures (T7-T8)

33 Onset of left rib pain and recurrence of upper
thoracic pain
Treatment with pain medications and monitoring

35 Onset of chest pain radiating to left arm — sent to
emergency

Diagnosis of ST-elevated myocardial infarction
Treatment with medication; discharge 2 days later
in stable condition

use of medications consisted of methylprednisone for
rheumatoid arthritis (4 mg once daily, patient titrated as
needed); albuterol (four puffs 4 times daily, and every 2
hours as needed), budesonide (two puffs 2 times daily),
budesonide/formoterol inhaler (two puffs 2 times daily),
and ipratropium bromide inhaler (two puffs 4 times daily)
for asthma and chronic obstructive pulmonary disease; a
course of alendronic acid/colecalciferol (had completed
course of teriparatide), calcium and vitamin D for osteo-
porosis. The patient was a non-smoker with no personal/
family history of coronary artery disease.

At follow-up with the orthopaedic surgeon, his pain
from compression fractures was significantly reduced, but
he was now presenting with anterior midline chest and
upper thoracic pain of two weeks’ duration that started
after reaching into the refrigerator. Presenting after min-
imal trauma, the pain was localized to mid-sternum and
midline upper thoracic spine. No neurological symptoms
were reported. At this time, the patient was not taking
any medication for the pain. On physical examination,
severe anterior head carriage and thoracic kyphosis was
noted, visually estimated to be 70-80 degrees of thoracic
kyphosis with the curve apex at the mid-thoracic spine
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Figure 1:
reveals fracture of the sternal body. There is interval de-
velopment of a new fracture in the proximal portion of the
sternal body (arrow).

Lateral spot-view radiograph of the sternum

level. The patient used a cane minimally and was slow
in ambulation due to postural imbalances related to his
severe kyphosis. Light palpation of mid-sternum in the
anterior-to-posterior direction revealed crepitation and
reproduced the chest pain. Sternal radiographs revealed
a fracture subluxation with slight step deformity in mid-
portion of the sternum, corresponding to the painful area
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Figure 2: Lateral thoracolumbar radiograph reveals
previous kyphoplasty procedures at T9, T10, Tll, Ti2,
L1,L2,L3, 14 and L5. Contrast agents are confined to the
vertebral bodies with no significant leaks. Old compres-
sion fractures suspected at T7 and TS8. There is general-
ized decrease in bone density and multilevel degenerative
changes.

clinically (Figure 1). Thoracic radiographs revealed no
new fractures in the upper thoracic spine (Figure 2). Since
the sternal fracture was evident on radiograph and clinic-
ally correlated with his symptoms, a diagnosis of sternal
fracture was given and no additional tests were ordered at
the time. The isolated sternal fracture was managed con-
servatively with oxycodone (1-2 tablets every 4-6 hours

J Can Chiropr Assoc 2013; 57(1)



as needed), acetylsalicylic acid (325 mg once daily for 30
days, then 81 mg once daily) and monitoring.

With monitoring, the sternal fracture pain improved
with pain medication and clinically resolved after 16-17
weeks. However, the patient experienced recurrent back
pain, confirmed as new compression fractures at T7 and
T8 at visits with the orthopaedic surgeon, and the pain de-
creased significantly after kyphoplasty to these segments.
Six weeks after kyphoplasty, the patient presented with
diffuse pain in the left mid ribs and a recurrence of upper
thoracic pain, and watchful waiting was decided upon.

Long-Term Follow-up:

Two weeks later, the patient reported midline chest pain
40-60 minutes prior to his arrival to the emergency de-
partment, of 8/10 in severity that radiated to his left arm.
There was no nausea, vomiting, shortness of breath or
diaphoresis. One week prior, the patient went to a walk-
in clinic for recurrent left shoulder and arm pain and re-
ceived pain medication. On examination, the patient was
alert, oriented, in no acute distress and able to complete
full sentences. Cardiovascular, respiratory, abdominal
and neurological examinations were normal. The patient
had distal pulses positive and cool extremities bilaterally,
but no tender calves or significant edema.

Laboratory results revealed troponin at less than 0.01
and creatine kinase of 36. Chest radiographs found no ob-
vious consolidation or sternal fracture. Echocardiogram
and coronary angiography revealed an inferior ST-elevat-
ed MI, a 100% occlusion (< 1 mm) of a small distal pul-
monary venous branch of right coronary artery and mild
inferior hypokinesis. Due to the small occlusion size, the
ST-elevated MI was managed with clopidogrel bisulfate,
acetylsalicylic acid, heparin, antibiotics and a refill of res-
piratory medications, while respiratory status was mon-
itored in the coronary care unit. On discharge 2 days later,
the patient was neurologically intact, in stable condition
and was to continue post-MI management at home with
follow-up from his medical doctor, specialists and com-
munity care services.

Discussion

Incidence:
Sternal fractures are rare, with a reported incidence of
0.5% of all bony fractures®, and often by major trauma
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like motor vehicle accidents. Of all sternal fractures pre-
senting to emergency in a 6.5-year timeframe, 92.3% of
272 cases were related to motor vehicle accidents and
7.7% were due to direct sternal trauma.” Few reports have
documented a sternal fracture in an osteoporotic individ-
ual, known as an insufficiency or fragility fracture, which
is a stress fracture in bones with decreased mineralization
and elastic resistance.” In a retrospective survey of all in-
sufficiency fractures except spinal fractures, only one ster-
nal fracture (1.1%) was identified among 91 insufficiency
fractures.® In a recent review, most sternal insufficiency
fractures were due to some form of high or low degree of
trauma, such as a fall from standing.” However, the sternal
fracture in our case was from reaching into a refrigerator,
which is considered minimal trauma, occurring 10 weeks
after kyphoplasty was performed for multiple compres-
sion fractures. This warrants a closer investigation on the
role osteoporosis may have on the sternum.

Mechanism and Associated Factors:
While the etiology of sternal insufficiency fractures is not
well understood, generalised bone changes in osteoporosis
plays an important role. Trabecular bone changes during
osteoporosis have been shown to increase risk for subse-
quent fractures. Known as the fracture cascade phenom-
enon of osteoporosis'', this may occur in sites other than
the spine, but to a lesser extent. For example, a vertebral
fracture also increases the risk of subsequent hip fracture
by 3-fold.’ Histomorphometric bone analyses from iliac
crest have reportedly found anistrophic trabecular chan-
ges in individuals with osteoporotic vertebral fractures,
including fewer trabeculae, greater trabecular spacing,
lower osteocyte density and reduced cortical thickness.!!
Since the sternum is a flat bone comprised of two thin lay-
ers of compact bone surrounding trabecular bone, it may
be susceptible to such microarchitectural disruption.
Biomechanical factors may compound trabecular ef-
fects and increase fracture risk. Some propose that in-
creased thoracic kyphosis from compression fractures
transfer axial force loads from spine to sternum and in-
creases fracture risk.*"'>13 A recent dynamic systems mod-
el describes multidimensional risk factors to osteoporotic
fractures, including altered bone quality and density, local
and global spine changes, and aberrant biomechanics.'
While load transference in biomechanics is discussed in
this model, its impact on bony structures anteriorly, such
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as the sternum, is not considered; the model is limited to
changes along the spine and paraspinal musculature. This
case report sheds further light on this cascade and may
suggest the need for a broader anatomical perspective
when considering altered biomechanics and trabecular
changes in osteoporosis.

In this patient, a number of factors may have contrib-
uted to the sternal fracture. In addition to his severe thor-
acic kyphosis and longstanding osteoporosis, the patient
had a two-stage kyphoplasty procedure 10 weeks prior
to the sternal insufficiency fracture, where he laid prone
on a surgical table that supported the weight of his chest
through a padded horizontal chest bolster across the ster-
num. In subsequent kyphoplasties, the placement of bol-
sters on the surgical bed was changed to two vertical bol-
sters from the iliac crest to the shoulders to prevent direct
pressure on his sternum. For patients undergoing kypho-
plasty and had previously suffered a sternal insufficiency
fracture, this simple, no-cost repositioning of the surgical
table bolsters may be indicated to decrease pain and risk
of further complications at the sternal fracture site.

Clinical Presentation and Significance:

The variable clinical presentation of sternal fractures can
be a diagnostic challenge in differentiating it from other
conditions. Chen reported that in 7 cases of sternal insuffi-
ciency fractures, 2 buckling fractures were asymptomatic
while 5 non-buckling fractures were painful."> However,
Min and Sung reported that 5 of 7 patients with buckling
sternal fracture had chest pain.!* Two previous cases also
presented with such severe anterior chest pain that they
were suspected as myocardial infarctions.” Our patient
complained of moderately intense anterior chest pain of
two weeks duration, noted as local tenderness and crepi-
tation during sternal palpation. A clinical index of suspi-
cion for sternal fracture allowed for appropriate manage-
ment, which involved sternal radiographs to confirm the
diagnosis. Although sternal fractures as a complication of
osteoporosis are relatively rare, it should be recognized
that clinical presentation can range from asymptomatic
to severe pain and should be a differential diagnosis for
osteoporotic patients with chest pain.

Literature is mixed regarding prognosis and calls for
differentiation between traumatic and insufficiency frac-
tures. In traumatic cases, it has been suggested that com-
puted tomography should follow radiographs to evaluate
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the extent of sternal and episternal injuries.' However,
isolated sternal fractures, likely in the case of insuffi-
ciency fractures, have a very good outcome's, as sternal
fractures alone are reportedly not indicative of significant
myocardial, mediastinal or thoracic aorta damage’. Our
patient’s sternal insufficiency fracture was successfully
managed with pain medication, and appeared to have
healed within 16-17 weeks from onset.

Long-Term Sequalae of this Case:

Despite the favourable outcome of the sternal insufficien-
cy fracture, the patient had complications related to his
osteoporosis and complex health history. Two weeks after
his sternal fracture appeared to have healed, he suffered
a ST-elevated MI, which required immediate reperfusion
therapy to avoid cardiogenic shock, especially within 12
hours of symptom onset and without contraindications.'®
In this case, the recurrent anterior chest pain in our pa-
tient was not dismissed as residual pain from the preced-
ing sternal fracture; instead, thorough investigation was
conducted to rule out MI. The prompt diagnosis and man-
agement within 1 hour of symptom onset enabled the MI
to be successfully managed medically with favourable
short-term outcome.

Growing literature suggests a significant link between
cardiovascular disease and low BMD, particularly be-
tween MI and future osteoporotic fracture risk. For in-
stance, lower femoral neck and hip BMD has been signifi-
cantly associated with increased risk of MI in both men
and women, even after adjusting for smoking, hyperten-
sion, hypertriglyceridemia and diabetes.!” Conversely, in
a matched cohort study, a substantial increase in fracture
risk (in all fracture sites) in survivors of MI was observed,
a trend that has markedly increased over the past 3 dec-
ades.'® This population-based study noted an emerging as-
sociation between MI and the risk of osteoporotic fracture
in the community, a novel finding that was not observed
in the general population.

Although there are possible confounders to the in-
creased risk of fractures in MI survivors, recent literature
suggests that these factors take a smaller role than previ-
ously thought. First, vitamin D and calcium supplements
have been suggested to increase MI risk.'*2! Second, phar-
macological agents could play a role, since MI patients
often have comorbidities being managed pharmacologic-
ally.?** This includes medications for cardiovascular dis-
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ease like heparin, oral anticoagulants and loop diuretics
that can lead to drug-induced osteoporosis.” However,
the well-controlled 30-year longitudinal population-
based study by Gerber et al still found a steady increase
in osteoporotic fracture risk after MI, even after consid-
ering 19 serious comorbid conditions and stratifying for
ST-elevated MI individuals who tend to be less frail and
healthier.”® These analyses indirectly argue against the
role of certain comorbidities and/or medications as pri-
mary explanations for the increase in fracture risk after
MI, and emphasize the importance of considering a sub-
stantial fracture risk at all fracture sites in osteoporotic MI
Survivors.

It is important for chiropractors to be aware of poten-
tial complications associated with osteoporosis, particu-
larly sternal insufficiency fractures and increased fracture
risk after MI, as these patients may present on a monthly
or annual basis. In 2010, in a combined online and mail
survey of American chiropractors conducted by the Na-
tional Board of Chiropractic Examiners with 3938 out of
9839 respondents (40% response rate), it was found that
3.7-3.8% of chief complaints from patients were related
to chest pain.*® Although fractures were rarely (1-10x/
year) seen by respondents in the past year, osteoporosis
was more often seen by respondents, at a rate of 1-3x/
month, where 70% of these cases were co-managed.”
Since sternal fractures in these patients may be biomech-
anically linked with high degrees of thoracic kyphosis,
similar to previous sternal fracture cases with multiple
compression fractures'**” and/or severe osteoporosis®’,
these individuals being seen by the chiropractor may be
more frail, have more complex health conditions and re-
quire participation in secondary prevention programs and
physical activity in preventing bone loss and falls?-.

Conclusion

Although rare, sternal insufficiency fractures can present
as challenges in the clinical setting, as they have vari-
able clinical presentations and are often biomechanically
linked to high degrees of thoracic kyphosis from mul-
tiple compression fractures in severe osteoporosis. This
case report detailing a sternal insufficiency fracture in
an osteoporotic male heightens awareness of their dis-
tinct characteristics in the osteoporotic population, aiding
diagnosis and management by primary contact providers.
In addition, this case report discusses the consideration
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of an increased fracture risk after a MI in osteoporotic
patients, highlighting the integral role chiropractors can
play in incorporating fracture prevention strategies in this
patient population.
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