Acta Orthop. Belg., 2014, 80, 444-450

ORIGINAL STUDY

Non-union of osteoporotic vertebral fractures — identification and treatment of
an underestimated pathology in elderly patients with persistent back pain

Daniel ApLER, Sven K. TscHOEKE, Nicolas voN DER HOEH, Jens GuLow, Georg voN SaLis-SoGLio, Christoph-E. HEYDE

From Department of Orthopaedic Surgery, University Hospital Leipzig, Leipzig, Germany

Objective : Non-union of osteoporotic vertebra frac-
tures are a seldom entity. However, when back pain
persists in the course of conservatively treated osteopo-
rotic vertebra fractures, a non-union should be consid-
ered. We thus sought to validate our diagnostic algo-
rithm in patients with known osteoporotic vertebra
fractures presenting persistent back pain and advert to
the diagnosis and treatment of vertebral non-unions.
Patients and Methods : Patients admitted with pre-
existing osteoporotic vertebra fractures and therapy-
resistant back pain were retrospectively analysed. All
admitted patients were subject to standard plain
radiographs in erect position and conventional CT or
MR imaging of the spine, respectively. In addition,
patients with suspected non-union were subject to
lateral fulcrum radiographs in supine position.
Results : From a total of 172 admitted patients, four
patients presented with non-union of a fractured
osteoporotic vertebra (2%). The subsequent surgical
therapy included cement-augmented rod-and-screw
stabilization, with or without additional correction of
deformity, and kyphoplasty (N =3) or kyphoplasty
alone (N = 1). All surgical interventions were success-
ful in pain reduction and allowed immediate and
improved postoperative mobilisation.

Conclusions : Non-union of osteoporotic vertebra
fractures must be considered when symptoms outlast
conservative treatment. In these cases, plain lateral
fulcrum radiographs are a simple and effective
adjunct to the conventional diagnostic methods.
Surgical stabilization then proves to be the effective
treatment of choice.

Keywords : persistent back pain ; osteoporosis ; verte-
bral non-union ; kyphoplasty ; spine surgery.

Acta Orthopeedica Belgica, Vol. 80 - 4 - 2014

INTRODUCTION

Osteoporosis is defined as the significant reduc-
tion of bone mass with changes in the trabecular
architecture and consecutive loss of stability lead-
ing to an increased risk of fracture (12,19,23).
Vertebral compression fractures of the thoracic and
lumbar spine are the most common complication of
osteoporosis and often the first sign and symptom of
this particular disease (13,16,17,19). While the inci-
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dence of osteoporotic vertebral fractures continu-
ously increases, they similarly resemble a high so-
cioeconomic burden worldwide. Recent studies
have estimated approximately 20 million patients in
the US and 2.8 million in Germany to be affected by
osteoporotic fractures of the spine (7). Acute verte-
bral fractures show a high mobility within the frac-
ture zone, thus being of avail to selected surgical
reduction techniques, including cement-augmented
stabilization procedures (17,19). Yet, the majority of
osteoporotic vertebral fractures may be successfully
treated conservatively and as bony union and stabil-
ity progresses, the associated pain gradually sub-
sides. However, in cases where bony union is not
achieved within the average consolidation period in
conservative treatment, the fracture consequently
maintains its dynamics, subsequently representing a
non-union (9,71,17,19). This dynamic fracture mobil-
ity has been demonstrated to appear radiographi-
cally evident as an intravertebral cleft, induced by
forced elevation of vertebral height in a supine hy-
perextension cross-table (lateral fulcrum) radio-
graphic technique (77). Due to the associated patho-
morphology of delayed, ostensibly posttraumatic
ischemic osteonecrosis and collapse of the vertebral
body, this observation has become synonymous
with Kummel’s disease and is thus referred to as
Kummel’s sign (9,13).

Therefore, in the standard diagnostic follow-up
of patients with osteoporotic vertebra fractures the
conventional two-plane x-ray in an erect position
occasionally lacks sufficient informative value,
while MRI and/or CT are predominantly subject to
specific objectives. In the following study we sought
to evaluate our patient cohort presenting with
persistent back pain and a history of osteoporotic
vertebral compression fractures and advert to the
diagnosis and treatment of non-unions, respectively.

PATIENTS AND METHODS
Patients

From January 2009 through December 2009 patients
treated for osteoporotic vertebral fractures at the Depart-
ment of Orthopaedic Surgery, University Hospital
Leipzig, Germany, were retrospectively analysed. In all

patients, symptoms presented either spontaneously or
after an incident of inadequate or low-energy trauma.
Osteoporotic patients presenting acute or chronic back
pain with a history for adequate or high-energy trauma
were excluded from the study. Imaging diagnostics in-
cluded conventional two-plane radiographs in erect posi-
tion, lateral fulcrum radiographs in supine position as
described by McKiernan and colleagues (17) and an MRI
of the spine. Computed tomography (CT) was only used
in place of MRI in patients presenting specific contra-
indications (e.g. cardiac pace-maker). Fractures were
classified according to the Magerl classification (15).
Hospital admission was indicated in cases of kyphotic or
scoliotic deformity, progressive sintering or persistent
back pain unamenable to further ambulant conservative
treatment. Patients discharged from in-ward treatment
received a clinical and radiographical follow-up after
6 weeks, 3, 6 and 12 months, respectively. Severity of
pain was subjectively assessed by the average level of
back pain at the time of initial consultation using the
Visual Analogous Scale (VAS). Functional disability
was evaluated by the Oswestry Disability Index (ODI).
Comorbidities and risk factors with regard to osteo-
porosis were recorded. In cases were osteoporosis was
suspected, patients were subject to osteodensitometric
analyses via dual-energy x-ray absorptiometry (DEXA).
All patients admitted for further in-patient treatment
underwent routine laboratory investigation.

Indication for Surgery

Patients presenting a kyphotic deformity of more than
or equal to 15 degrees at the thoracic or greater than
20 degrees at the lumbar level, as well as patients with
progressive sintering of greater than 10 per cent within
14 days, were indicated to receive surgical stabilization.
Furthermore, indication for surgery included patients
complaining of persistent pain for more than 7 days in
spite of intensified in-patient analgesic treatment, but
without significant deformity.

RESULTS
Patient demographics

A total of 172 consecutive patients (N =172)
were diagnosed with osteoporotic vertebral frac-
tures and enrolled into the study. 68 (N = 68) of
these patients (39,5%) (average age of 69.3 +
6.8 years (54-87 years)) were admitted to further in-
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Table I. — In-Patient treatment

Conservative Surgery
n Female (mean age) 13 (76) 39 (73)
n Male (mean age) 8 (76) 8 (63)

Table II. — Surgical procedures

n Female n Male

Kyphoplasty (1 segment) 27 5
Kyphoplasty (> 1 segment) 2 3
Posterior screw-and-rod 5 4
Instrumentation

cement-augmented

additional corrective osteotomie

patient treatment according to the criteria mentioned
above (Table I). The average level of back pain was
indicated to be 8.0+ 1.6 on the VAS. Of these,
21 patients were successfully treated with opti-
mized pain medication and physiotherapy indicat-
ing an average VAS of 3.0 £ 1.2 at the time of dis-
charge. 4 patients required additional bracing for
supportive stabilization within a continued conser-
vative treatment concept. The remaining 47 patients
(N =47, 69% of all patients admitted to in-patient
treatment) with an average age of 72.5 + 8.4 years
(65-87 years) showed no improvement and persis-
tent symptoms despite optimized analgesic treat-
ment and customized physiotherapy and required
surgical stabilization (Table II). Respectively, there
was no significant difference between the cohort of
patients with successful conservative treatment and
those requiring a surgical intervention.

Non-unions

Of the 47 patients presenting with therapy resis-
tant symptoms of severe back pain, 4 patients (N = 3
female, N = 1 male patient) were identified to show
a vertebral non-union. Conventional two-plane ra-
diographs in erect position demonstrated a collapsed
flat vertebra in 3 cases (N = 3) and a kyphotic verte-
bral sintering in one case (N = 1). In 2 cases (N = 2)
the conventional radiographs in erect position
featured signs of an intravertebral vacuum phenom-
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Fig. 1. — A) Conventional lateral X-ray of the thoracolumbar
junction in erect position showing the collapsed Th10 vertebra.
B) Lateral fulcrum radiograph revealing the non-union of Th10
with its pathognomonic intravertebral cleft (Kummel’s sign)
(white arrow).

enon. The additional fulcrum radiographs in supine
position ultimately confirmed the instable vertebra
and intravertebral vacuum phenomenon in all 4 pa-
tients (Fig. 1). This was further confirmed by an in-
crease in signal intensity in the Turbo-Inversion
Recovery-Magnitude sequence (TIRM) and re-
duced signal intensity in T1-weighted images of the
subsequent MRI (Fig. 2). In patients were MRI was
omitted due to specific contraindications (e.g. in-
situ cardiac pace-makers), the intravertebral vacuum
sign and fracture morphology was identified by
computed tomography (Fig. 3). Subsequently, all
4 patients with confirmed non-unions received
primary kyphoplasty of the fractured vertebra. In
3 patients, this procedure was supplemented by
corrective osteotomy and cement-augmented pos-
terior screw-and-rod instrumentation (Fig. 4). Due
to the small number of patients demonstrating
a non-union, there was no significant difference
in the presence or distribution of co-morbidities
(Table III).

DISCUSSION

Atraumatic or vertebral compression fractures re-
lated to low-energy or inadequate trauma are, along
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Fig. 2. — Sagittal CT image of L1 showing the pathognomonic
intravertebral cleft (white arrow) in an 81 yo female patient
with persisting back pain 10 weeks after onset of initial symp-
toms.

with proximal humerus fractures, wrist fractures
and fractures of the hip, the most common compli-
cation of osteoporosis in the elderly (7). Beside the
progressive socioeconomic burden associated with
these complications, their consequences highly
compromise the individual’s activity level and over-
all quality of life. Studies investigating the clinical
course and overall morbidity in patients with osteo-
porosis have demonstrated that complications sec-
ondary to unidentified or untreated vertebral frac-
tures are associated with a significant increase of the

one- and five-year mortality rate in both women and
men (7,8,17,19).

In addition to the poor local microvascularization
and reduced capacity of remodeling in osteoporotic
bone, osseous microlesions of the vertebral end-
plates have been suggested to increase the risk of
developing vertebral compression fractures, partic-
ularly in degenerative disc disease. Moreover, once
such an incident has occurred, the likelihood to sus-
tain additional compression fractures at an adjacent
level increases exponentially. However, since os-
teoporotic vertebral fractures are rarely instable,
fractures resulting from high-energy or adequate
trauma in osteoporotic patients must clearly be de-
lineated. As a result, the majority of osteoporotic
compression fractures are successfully treated con-
servatively. While adequate pain medication and
anti-osteoporotic drug therapy is mandatory, further
adjuncts of the conservative treatment regimen in-
clude specific exercise and training therapy, and in
some cases temporary bracing. In order to identify
or prevent secondary deformity and progressive sin-
tering, close-meshed radiological follow-ups are re-
quired. In line with these measurements, simple
plain radiographs may then elucidate the patho-
physiological occurrence of a non-union as an intra-
vertebral vacuum phenomenon (74).

In the rare event of an instable osteoporotic
compression fracture or imminent neurological
compromise, primary surgical stabilization methods
should be considered in analogous manner to insta-
ble fractures resulting from high-energy or adequate
trauma.

Fig.3. — Follow-up series of a 75 yo female patient presenting with persistent back pain. A) Lateral X-ray at initial consul-
tation (4 weeks after onset of symptoms) showing a mild sintering of the cranial endplates of L1 and L2. B) Lateral X-ray
4 weeks after initial consultation showing a collapsed L1 vertebra. C) Lateral X-ray 6 weeks after initial consultation with
complete collapse and D) obvious Kummel’s sign (white arrow) in the lateral fulcrum radiograph identifying a non-union
of L1.
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lateral

lateral

C

Fig. 4. — Conventional X-rays of the 75 yo female patient in
erect position after posterior cement augmented screw-and-rod
instrumentation and kyphoplasty of the L1 vertebra at 3 days
post-op (A), 6 months (B) and 1 year after surgery (C).

Pain persistency within the clinical course of
conservative treatment, however, may have diversi-
fied causes. These include progressive sintering,
fractures of the adjunct vertebra or a vertebral non-
union. Dynamic instability is often characterized by
analogical symptoms : while patients sense less or
no pain in supine position or at rest, erecting or mo-
bilization is often accompanied by local and intense
pain, which subsides once the patient reaches his
erect position. From a biodynamical point of view,
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Table III. — Co-Morbidities

n Surgery | n Non-union

Hypertonia 43 4
Past history of vertebral 17 1
fracture

Past history of malignant 13 0
tumor

Rheumatoid arthritis 6 0
Cardiopathy 11 4
Diabetes 2
Parkinson’s disease 2 0
Spondylitis ankylosans 0

this may be due to the collapse of the vertebra and
subsequent gravity-induced compression, otherwise
restricted by gaping in the supine position. Thus, the
event of collapsing and its subsequent excitation of
the periosteum have been suggested to be one of the
leading causes for the pain often, but not obligatory,
described by patients with vertebral non-unions, re-
spectively (9). Although the event of a non-union is
likely to be associated with poor bone quality, simi-
lar aspects may be observed when intervertebral
disc tissue dislocates into the fracture cleft of
healthy vertebras (19). However, in osteoporotic
bone, osteonecrosis due to an insufficient blood
supply of the anterior vertebral column (7,10,11,16)
or microlesions of the osseous endplates (6) lead to
the characteristic radiological signs (intravertebral
vacuum phenomenon in kyphotic or compression
fractures) and associated morphological chang-
es (13). In this line, Tsujio and colleagues investi-
gated possible predictive factors for non-union in a
cohort of 363 osteoporotic vertebral fractures.
Among the 350 patients included in their study, the
authors identified fractures within the thoracolum-
bar region, the presence of a middle-column injury
and a confined high intensity or a diffuse low inten-
sity area on T2-weighted MRI to be of significant
importance (26). Consistent with these factors, ver-
tebral non-unions from our patient collective all
presented within the thoracolumbar region (n =2
Th12, n=2 L1). However, compared to the latter
observation and a recent report by Wu and col-
leagues (29) the incidence of osteoporotic non-union
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vertebra fractures from our patient cohort was sig-
nificantly lower (34,8% (29) and 13.5% (26) vs. 2%).
Based on the radiological appearance, dynamic mo-
bility of an osteoporotic vertebral fracture charac-
teristically shows an intravertebral cleft (Kummel’s
sign), but may be missed on standard imaging such
as the conventional two-plane radiographs in erect
position, MRI or CT. Although both MRI and CT
have been shown to equally identify vertebral frac-
ture union and non-union (27), lateral fulcrum radio-
graphs in supine position may be of higher value
when comparing respective Cobb-angles from con-
ventional radiographs to determine the scale of dy-
namic mobility and potential therapeutic options of
correcting deformity (vertebroplasty/kyphoplasty
with or without additional posterior instrumenta-
tion). Toyone and colleagues defined a “wedging
rate” by comparing the distance ratio of the leading
vertebral edge in standard lateral versus lateral ful-
crum radiographs (25). In their patient cohort a
wedging rate exceeding 10 degrees significantly
correlated with the indication of pain of greater than
40 on the VAS. However, in cases where non-
unions may be related to other inflammatory, infec-
tious or malignant entities, the characteristic intra-
vertebral cleft may very well be absent (7-9,14,17,19).

The range of therapeutic options is wide spread.
Studies investigating vertebral non-union fractures
have suggested both conservative and surgical ap-
proaches, including primary conservative bracing
and diverse surgical interventions, particularly in
patients treated conservatively without any benefit
for over 4 to 6 months (8). However, the majority of
non-operative treatment methods risk failing such
primary therapeutic goals as restoring function, suf-
ficient stabilization and the physiological sagittal
balance in secondary deformities. In addition to ver-
tebroplasty and kyphoplasty, the scope of surgical
interventions is amended by autogenous and allog-
enous bone grafting, with or without posterior in-
strumentation, and, in cases with impairment of
neurological structures, decompression of the spinal
canal, eventually combined with anterior stabiliza-
tion (1,3,7-9,11,13,18,28). Due to the reduced bone
quality in osteoporotic vertebral fractures, however,
posterior screw-and-rod stabilization often impli-
cates the instrumentation of multiple levels to im-

prove the overall load-sharing. In addition, pedicle
screw stability within the demineralized bony struc-
ture of the osteoporotic vertebra may be enforced by
cement-augmenting techniques (2,18,20-21,24). Other
strategies of correcting severe kyphotic deformity
may include additional subtraction or posterior
closing wedge osteotomies (4-5,22) to ensure the
restoration of a physiological sagittal balance.

Although non-union of osteoporotic vertebra
fractures remains a seldom entity overall, our study
adverts to this pathology particularly in conserva-
tively treated patients presenting with persistent
back pain. In this line we believe, that additional
lateral fulcrum radiographs in supine position qual-
ify for an easily accessible and effective diagnostic
tool to assess both the incident of a non-union, as
well as the potential to correct the related secondary
deformity.
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