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Clinical Study

Pathologic sternal involvement is a potential risk factor for severe sagittal
plane deformity in multiple myeloma with concomitant thoracic fractures
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Abstract BACKGROUNDCONTEXT: Skeletal involvement is observed in almost 80% of patients pre-
senting with symptomatic multiple myeloma (MM). The vertebral column is the most frequently affected
site by myeloma-induced osteoporosis, osteolysis, and compression fractures. Multiple pathologic
compression fractures can lead to significant spinal deformity, which is often considered for complex
reconstruction because of the poor quality of life for the affected patients.

PURPOSE: This study aimed to compare the clinical and radiological outcomes of two groups of
MM patients; the first group had thoracic spine fractures and a concomitant pathologic sternal frac-
ture (SF), and the second group had thoracic fractures but no sternal fracture (NSF).

STUDY DESIGN: This was a cross-sectional study.

PATIENT SAMPLE: The sample comprised 98 consecutive patients (n=98) with symptomatic MM
and concomitant pathologic thoracic spine fractures over a 3-year period at a national tertiary re-
ferral center for the management of MM with spinal involvement.

OUTCOME MEASURES: Clinical outcome measures used included European Quality of Life-5
Dimensions (EQ-5D), Oswestry Disability Index (ODI), and visual analogue scale (VAS) pain score.
METHODS: All consecutive patients with MM were enrolled. The cohort was split into two patient
groups: patients with SFs (SF group) and patients without sternal fractures (NSF group). Clinical,
serologic, and pathologic variables, radiological findings, treatment strategies, and outcome mea-
sures were collected.

RESULTS: The SF group was younger (58%13 years vs. 66%11 years [p=.008]) when compared
with the NSF group. The SF group presented with a greater thoracic kyphosis (73°£18° vs. 53°+17.5°
[p=.005]), similar VAS pain scores (50.6£22.1 vs. 54.4+22.5 [p>.05]), but poorer EQ-5D (0.2410.13
vs. 0.48+0.23 [p<.001]) score and ODI (60.6£10.3 vs. 48.2+17.8 [p=.013]) when compared with the
NSF group.

CONCLUSIONS: Pathologic SF in an MM patient with thoracic compression fractures is a po-
tential risk factor for the development of a severe thoracic kyphotic deformity and sagittal malalignment.
This has been demonstrated in this study to be associated with a very poor health-related quality of
life. A greater awareness of sternal myeloma disease is needed at presentation (the time of the primary
survey) so that SFs can be potentially avoided, thereby preventing progression to a severe kyphotic
deformity. © 2015 Elsevier Inc. All rights reserved.
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Introduction

Multiple myeloma (MM) is a neoplastic plasma-cell dis-
order that is characterized by clonal proliferation of malignant
plasma cells in the bone marrow microenvironment, with high
levels of monoclonal (M) protein in the blood or urine and
associated organ dysfunction [1]. It accounts for approxi-
mately 1% of neoplastic diseases and 13% of hematologic
cancers. In Western countries, the annual age adjusted inci-
dence is 5.6 cases per 100,000 persons [2]. The median age
at diagnosis is approximately 70 years; 37% of patients are
younger than 65 years, 26% are between the ages of 65 and
74 years, and 37% are 75 years of age or older [2,3]. In recent
years, the introduction of autologous stem-cell transplanta-
tion and the availability of agents such as thalidomide,
lenalidomide, and bortezomib have dramatically changed the
management of MM and extended overall survival [3-5]. In
patients presenting at an age under 60 years, 10-year surviv-
al is now approximately 30% [4]. Clinical manifestations of
MM include bone disease, hypercalcemia, cytopenia, renal
dysfunction, hyperviscosity, and peripheral neuropathy [1].

It is estimated that over 60% of bone lesions occurring in
MM patients involve the spine, as compared with 90% in meta-
static prostate cancer, 75% in breast cancer, and 45% in lung
cancer [6]. This could be attributed to the fact that vertebral
bodies contain a high amount of hematopoietic bone marrow,
so that a large surface of the hematopoietic niche is adja-
cent to osteoblasts, osteoclasts, or other stromal cells involved
in bone remodeling. The principal underlying pathologic mech-
anism causing bone disease and pathologic vertebral collapse
in MM is a shift in the balance of bone formation and bone
resorption toward bone resorption, and eventually total dis-
sociation between the two processes occurs in latter stages
of the disease.

Over 80% of the vertebral fractures in patients with MM
occur between T6 and L4 and 50% of them can be found
between T11 and L1 [7]. This is similar to what is observed
in patients with benign osteoporosis, and it is probably caused
by the contribution of biomechanical factors acting at the tho-
racolumbar junction. The type of pathologic fracture caused
by MM can vary depending on the site of spinal involve-
ment; vertebral body collapses are found mainly in the thoracic
region, wedge compression fractures in the thoracolumbar
region, and superior end plate fractures in the lumbar region
[7]. The spine is also the site where bone solitary plasma-
cytomas are more frequently observed; the average incidence
is 50% as compared with 12% for the pelvis and 9% for the
ribs [8]. In myeloma spinal disease, the thoracic and lumbar
spines are more frequently involved than the cervical region
[9].

Positive sagittal malalignment has been shown to be det-
rimental to health-related quality of life (HRQoL), with the
severity of symptoms increasing in a linear fashion with pro-
gressive sagittal imbalance [10]. Vertebral compression
fractures in the osteoporotic population, in addition to the re-
sultant thoracic hyperkyphosis and sagittal malalignment, have
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Context

The authors present results among a series of patients with
multiple myeloma and thoracic compression injuries. This
study involved 98 patients in total.

Contribution

The study included 15 patients with pathologic sternal in-
volvement. The authors report that pathologic sternal
fracture in patients with thoracic compression fractures due
to myeloma is a risk factor for the development of a severe
thoracic kyphotic deformity and sagittal malalignment. This
has deleterious effects on quality of life and function as
measured using the EQSD and ODL.

Implications
These findings echo determinations made for traumatic in-
juries to the thoracic spine and the impact of sternal
involvement on stability as the proverbial “fourth column.”
It should be recognized that the study’s findings hinge on
the experiences of only 15 patients with sternal involve-
ment. This may impair generalization to other populations.
The authors appropriately recognize that this study pres-
ents Level IV evidence.
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been shown to result in significant functional disability and
a reduction in HRQoL [11-13].

The sternal-rib complex has been previously referred to
as the fourth column of the spine and has been demon-
strated to confer mechanical stability to the thoracic spine when
there is a thoracic fracture related to trauma [14-20]. However,
with sternal involvement being relatively common in MM
(Fig. 1), we hypothesized that a pathologic sternal fracture
(SF) with concomitant thoracic compression fractures may
be a risk factor for the development of a severe thoracic
hyperkyphotic deformity and sagittal malalignment.

The aim of this study was to compare the clinical and ra-
diological outcomes of two groups of MM patients; the first
group had thoracic spine fractures and a concomitant patho-
logic SF and the second group had thoracic fractures but no
sternal fracture (NSF).

Methods

This was a cross-sectional study of 98 consecutive pa-
tients over a 3-year period that was referred to our national
tertiary referral center for the management of their thoracic
fractures related to MM. The cohort was split into two patient
groups: SF group (n=15) and NSF group (n=83). Exclusion
criteria included monoclonal gammopathy of unknown
significance, asymptomatic MM, plasma cell leukemia, and
amyloid light-chain (AL) amyloidosis.
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