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Abstract Multiple myeloma (MM) is a B cell malig-
nancy characterized by important alterations of physiologic
bone turnover, wherein increased osteoclastic bone
resorption is not accompanied by a comparable increase in
bone formation, resulting in diffuse osteopenia, focal lytic
lesions, pathologic fractures, hypercalcemia, and bony
pain. Consequently, patients with MM frequently require
for quality of life’s improvement and pain’s treatment
radiation therapy, surgery, and analgesic medication.
Minimally invasive surgical procedures such as the kypho-
plasty allows patients with pathological osteolytic ver-
tebral lesions to have immediate improvement in their
quality of life. This surgical technique provides in mye-
loma vertebral collapses same quick pain relief as in
osteoporotic vertebral fractures, and a minor morphological
restoration of the interested vertebra, but sufficient to
restore sagittal alignment. The aim of the study was to
evaluate the functional and morphological results of kypho-
plasty for the treatment of vertebral osteolysis due to MM.
We report a retrospective study in 30 such patients (45
vertebral lesions) who were evaluated before and after

S. Astolfi operated patients, conceived the study; L. Scaramuzzo
drafted the manuscript, performed statistical analysis, followed
patients; C.A. Logroscino operated patients and coordinated group.

S. Astolfi (X)) - L. Scaramuzzo - C. A. Logroscino
Spine Surgery Unit, Department of Orthopaedics
and Traumatology, Catholic University,

Agostino Gemelli Hospital, Largo Francesco Vito 1,
00168 Rome, Italy

e-mail: stefano.astolfi@gmail.it

L. Scaramuzzo
e-mail: laura.scaramuzzo @virgilio.it

C. A. Logroscino
e-mail: clogroscino@rm.unicatt.it

kyphoplasty, with regard to pain, general condition, quality
of life, use of analgesics, by means of evaluation forms:
Short-Form-36, Visual Analog Scale, Oswestry Disability
Index, and with regard to percentage height restored and
reduction of segmental kyphosis. Marked clinical
improvement was observed in all patients during the first
12 postoperative months, with gradual a little worsening
thereafter from deterioration of their general condition to
60-month follow-up. The restoration of vertebral body
mean height was maintained to 5 years clinical and
radiographic control. Segmental kyphosis angle correction
showed a mean decrease of 1.7° (range 0°-2.5°) at radio-
graphic control at 5-year follow-up, with respect to the
immediate postoperative X-ray, although lower than pre-
operative. The data obtained demonstrated the effective-
ness of kyphoplasty in the treatment of vertebral collapse in
MM. The results achieved with this minimally invasive
technique were clinically and biomechanically satisfactory.
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Introduction

Treatment of patients with oncologic disorders has resulted
in an increase in quality of life and survival. With
increasing longevity, an increased incidence of skeletal
involvement and related complications is observed. Mul-
tiple myeloma (MM) commonly is characterized from
skeletal-related complications that result from a shift in the
normal balance between bone formation and bone resorp-
tion toward enhanced bone loss [1]. The lytic process
observed in MM is different from other carcinomas that
metastasize to the bone in which bone destruction is fol-
lowed by new bone formation [2]. Even when patients
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respond to anti-MM therapies, they may still have pro-
gression of skeletal event without the repair of osteolytic
lesions [3, 4]. Possible complications associated with these
osteolytic lesions include cord compression, urinary
retention, ileus, intractable pain, and pulmonary compro-
mise [5, 6]. Other chronic sequelae include deconditioning,
deformity, insomnia, and depression, resulting in sub-
stantial physical, functional and psychosocial impairment
[4]. Pharmacological therapy, orthesis and radiotherapy
alone are usually unable to control pain and/or to restore
the integrity and stiffness of the collapsed vertebra, so as to
allow a return to early weight-bearing. However, the sur-
gical intervention in this patient group typically is regarded
very difficult by the virtue of the comorbid conditions and
the poor bone quality. For this reason, balloon kyphoplasty
was introduced as a more effective treatment option for
these fractures. The technique has shown to provide rapid
pain relief, improve rehabilitation and is also capable of
preventing further loss of vertebral height, which reduces
the risk of increasing spinal kyphosis [7] but there have
been only a few studies report on the outcome of kyp-
hoplasty in the treatment of tumorous lesions. We report on
the clinical and morphological outcome of 30 patients (45
vertebral osteolytic lesions) with MM in the thoracic and
lumbar spine treated with balloon kyphoplasty. To our
knowledge, this is the first report in literature to have a 5-
year follow-up.

Materials and methods
Patients

From March 2002 to January 2008 by Spine Surgery
Division of Department of Orthopaedic Science and
Traumatology of Catholic University 45 kyphoplasty (27
thoracic affected vertebra and 18 lumbar affected vertebra;
Fig. 1) were performed in 30 patients with MM, 19 males
and 11 females, with a mean age of 63 years (range 54-76
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Fig. 1 Bar graph demonstrating the distribution frequency of the
spinal affected levels treated by kyphoplasty
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years). All patients presenting with osteolytic vertebral
lesion were evaluated by a multidisciplinary team, which
included hematologists, radiotherapists, spine surgeons and
radiologists. All underwent chemical and hematological
examinations (Table 1). The presence of an osteolytic
vertebral fracture was evaluated preoperatively by standard
radiography (Fig. 2a, b) and MRI (Fig. 3). Preferred frac-
tures were those that could be identified as site of pain, and
those that showed marrow edema on the inversion and fat
suppression sequences. All patients had one to four levels
of kyphoplasty. All were evaluated before and 1, 3, 6, 12
months and annually after kyphoplasty with regard to pain,
quality of life and general condition, using the following
criteria Visual Analog Scale (VAS), Short-Form-36
(SF-36) General Health Survey questionnaire, Oswestry
Disability Index (ODI). Also the type and quantity of drugs

Table 1 Pre-operative chemical and emathological exam conducted
for patient’s diagnostic evaluation

AGEC

Hemochrome, leukocytes’ count

VES

Protein electrophoresis

Urinary protein electrophoresis and immunefixation
Measuring of 2 microglobulin

Fig. 2 a Preoperative antero-posterior radiograph showing a col-
lapsed vertebral body in amyeloma patient. b Preoperative lateral
radiograph showing a collapsed vertebral body in a myeloma patient
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Fig. 3 MRI showing a series of collapsed vertebral body in a
myeloma patient

taken by the patients to control the pain, during the pre-
operative and postoperative periods, were recorded. All
vertebral collapses were morphologically evaluated with
regard to mid-vertebral height restoration and reduction of
segmental kyphosis (Cobb angle value) measured on pre-
and postoperative lateral X-ray (Fig. 4a, b). At the time of
kyphoplasty in all treated vertebra biopsies were performed
using the same set of instruments (Kyphon, Medtronic
Sofamor Danek, USA; Fig. 5).

Operative technique

According to the general patients’ conditions and the
treated level the procedure was performed under general
(n = 13 patients), or local anesthesia (n = 17 patients).
Patients were positioned in the prone position and a dual

Fig. 4 a Pre-operative lateral X-ray showing the median vertebral
height and the segmental kyphosis in a collapsed vertebral body.
b Post-operative X-ray showing the partial restoration of the median
vertebral height and the segmental kyphosis in the same vertebra

Fig. 5 Histological findings in a biopsy performed on a myeloma
collapsed vertebral body treated with kyphoplasty

portal approach is used in all procedures. In all procedures
PMMA was used as filler, the volume of cement used was
4.2 cc per level (range 1.5-8 cc). A bioptic examination of
the affected vertebrac was effected prior to injecting the
cement. This allows the operator to obtain a small cylin-
drical sample of tissue. In case of local anesthesia, anes-
thesia was performed by injection of ropivacaine 7.5 mg
(10 cc) mixed with 1% carbocaine (10 cc). The positioning
of the cannula and the injection of the cement are con-
stantly fluoroscopically monitored in antero-posterior and
lateral projections. Each patient received 2 g of intra-
venous cefazolin 30 min prior to surgery. The average
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length of time of the procedure was 45 min. The average
hospital stay was 3 days.

Statistics

Descriptive statistics were calculated. The clinical results
obtained were analyzed using the chi-squared test and
Fisher’s exact test. The morphological results obtained
were analyzed using the Student’s ¢ test. Significance was
set at P < 0.05.

Results

In all patients, mechanical stabilization and reduction of
the deformity of the osteolytic lesion was achieved. There
were no pathological fractures, and no clinical symptoms
related to cement leakage. Two patients reported tran-
siently increased back pain together with pyrexia in the
immediate postoperative. In one patient, the cement was
partially injected in the disc, in another there was a leakage
along the needle track, but there were no clinical mani-
festations. An overall improvement of the quality of life of
the patients was evident, and patients were able to return to
their activities of daily living (Fig. 6a—c). The median
follow-up was 4 years, with 13 kyphoplasty at 5-year fol-
low-up, 8 at 4 years, 9 at 3 years, 5 at 2 years, 7 at 1 year
and 3 at 6-month follow-up. The SF-36 questionnaire
showed a marked improvement in physical functions up to
12 months after the surgical treatment, with an average
score improving from 23% preoperatively, to 76.5% at 1

SF-36
BPCS OMCS

Fig. 6 a SF-36 data: the a
histogram shows the physical

month, 77.2% at 3 months, 77.2% at 6 months, unchanged
to 36-month follow-up. A little worsening was observed 4
year after the procedure, with an average score of 67.8%,
unchanged to 5-year follow-up. A similar trend was
observed for pain, measured by the VAS score. Pain
improved from an average preoperative score of 8.65 to
2.84 at 1 month, to 2.35 at 3 months, to 2.15 at 6 months,
unchanged to 36-month follow-up and to 3.80 at 4 years,
unchanged to 5-year follow-up. A minor improvement was
observed in mental component with an average score
improving only from 21% preoperatively, to 57.2% at 1
month, 62.3% at 3 months, and 67.2% at 6 months,
unchanged to 36-month follow-up. A worsening of mental
component was observed at 4-year follow-up, with an
average score of 48.6%, worsened at 5-year follow-up with
an average score of 45%. The ODI index showed an
improvement in the ability to carry out standard daily
activities autonomously, with a preoperative score of 87%
rising to a postoperative score of 45% 1 month after the
intervention, which further improved (21%) 3 months after
the treatment, unchanged to 36-month follow-up. At 4-year
follow-up, a worsening of the general condition was
observed, with reduced autonomy, with the average score
dropping to 37%, unchanged to 5 years yet still higher than
the score recorded preoperatively. We observed a reduction
or, in some patient, the cessation of analgesic drug
assumption, compared with the preoperative period. It is
impossible to quantify the reduction of analgesic drug
assumption in patients with systemic neoplastic disease,
due to the coexistence of multiple secondary lesions.
Nevertheless, a marked reduction of analgesic drug

and mental patients’ outcome
from pre-operative time to

5 years follow-up P < 0.005.

b VAS data: the diagram shows
the outcome of patients’ pain
from pre-operative time to

5 years follow-up P < 0.005

¢ ODI data: the histogram
shows the clinical and
functional outcome of patients
from pre-operative time to

5 years follow-up P < 0.005 c sl
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assumption was observed in some of our patients, even
when radiotherapy was not effective.

Radiologic height measurement of all 45 levels treated
demonstrated that the mean central vertebral height lost
was 9 mm (range 2-17.3 mm). The mean percentage of
height restored by the procedure was 55% (range 0—100%).
At lateral postoperative X-ray, the absolute mean height
gain was 3 mm (P < 0.05), maintained unchanged to 5
years radiographic control (Fig. 7). Segmental kyphosis
angle correction was calculated in all cases with Cobb
angle method. The mean preoperative kyphotic angle was
17° (range 6°-38°), whereas the mean postoperative
kyphotic angle was 10.8° (range 3°-30°). We achieved an
average of 6.8° improvement of the segmental kyphotic
angle after the procedure. Segmental kyphosis angle cor-
rection showed a mean decrease of 1.7° (range 0°-2.5°) at
radiographic control at 5-year follow-up, with respect to
the immediate postoperative X-ray, although lower than
preoperative and still statistically significant (P < 0.05;
Fig. 8).

With a mean 18-month follow-up 14 patients sustained
subsequent compression fractures for a patient rate of
31.1%. All the patients were treated with a new kypho-
plasty, which show substantive benefits.

Bioptic examinations were diagnostic in 42 vertebral
collapses for a fractures rate of 93.3%. In 29 patients, we

0 Median height restoration
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Fig. 7 The diagram shows the median height restoration from pre-
operative to 5 years follow-up P < 0.005

Correction of segmental Kyphosis
18

*
16
I4 \

L\ > o
R S —————

B O 2

L]

=

Fig. 8 The diagram shows the correction of the segmental kyphosis
from pre-operative to 5 years follow-up P < 0.005

had confirm of the progression of the MM state with bone
involvement for a patient rate of 69%, in 13 patients was
made a new diagnosis of myeloma with a patient rate of
31%.

In summary, complete pain relief was achieved in 59%
of patients (n = 17). Pain reduction was achieved in 13 of
30 patients (41%). The mean duration of pain relief was 36
months (median 18 months). Pain recurred in three patients
(10%) between 3 and 12 months. Three patients were
subsequently submitted to radiation therapy, because of
increasing pain and new vertebral involvement, with the
presence of myelomatous tissue also in the posterior ele-
ments of the interested vertebrae. One patient died, and 29
patients were still alive at the time of the 5-year follow-up,
with none patient lost to follow-up. Morphological resto-
ration of the collapsed vertebra was good in 13 vertebra of
the 45 treated (29%), satisfactory in 25 (55%), unsatis-
factory in 7 (16%). No major complications occurred.
There was transient local pain in some cases, and two cases
of cement leakage without clinical consequences.

Discussion

Osteolytic destruction of the vertebral bodies secondary to
MM subjects patients to significant morbidity and morta-
lity. With the improved survival times because of contem-
porary oncologic treatment, timely intervention of effective
skeletal reconstruction is of ever-increasing importance [6].
Patients with severe intractable pain caused by myeloma-
tous compression fractures have only a few pain control
options. Open surgery, if the best radical choice, is often
not an option because these patients are in poor general
condition or have a limited life expectancy. Radiotherapy
is indicated for bone pain caused either directly or indi-
rectly by malignant lesions. Radiotherapy does not improve
the mechanical properties of the affected bone region, and
transient osteoporosis is usually observed with the
increased risk of pathological fractures [8, 9]. In medical
literature, is well-known, the short-term pain relief fol-
lowing kyphoplasty for the treatment of osteoporotic and
pathological vertebral compression fractures [7, 10, 11].
Kyphoplasty aims to immediately restore the mechanical
properties of the affected skeletal segment, it gives to the
treated vertebra an increased resistance to compressive
strength resulting in the prevention of continue micro-
trauma responsible for pain and of an increased fracture’s
risk [12]. Thus allowing immediate weight-bearing and
preventing worsening of the pathological fractures. Fur-
thermore, the exothermic reaction developed during the
polymerization of the cement exerts a local cytotoxic
action against the tumor also resulting in the reduction of
pain. Pain relief is a result of PMMA properties, but in our
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series is not correlated with vertebral body volume or
amount of bone cement. In our cohort of patients, we found
a statistically significant improvement of pain as measured
by the VAS and ODI and improvement in independence in
daily life activities as shown by SF-36. The 5-year follow-
up, to our knowledge, the longest period described for this
technique in medical literature, allows the author to sustain
the time effective pain improvement of this surgical pro-
cedure, dealing with the impact of relatively common
comorbid conditions in this type of patients.

The specific advantages of kyphoplasty, in front of other
percutaneous techniques, are that it makes cement aug-
mentation of the vertebrae a safer procedure and provides
the opportunity for some height restoration and correction
of the segmental kyphosis [13]. In our series, cement
leakage was of none clinical relevance. The restoration of
vertebral body height and correction of segmental kyphosis
was 55%. We documented, on an average, an absolute mid-
vertebral body height restoration of 3 mm and an absolute
segmental kyphosis correction of 6.8°. The height resto-
ration was maintained unchanged to 5-year of follow-up.
We instead observed an absolute reduction of segmental
kyphosis correction of 2.5° at 5-year follow-up. The loss of
correction is often due to the occurring of new vertebral
collapses, 14 in our series of patients, with an incidence in
myeloma patients higher than in osteoporotic patients [14].
We can hypothesize that myeloma uncontrolled by medical
treatment might have been related to augmented bone
fragility and new fracture occurrence. Therefore, myeloma
patients should be warned: to avoid activities that overload
the spine; to sustain frequent and constant hematological
controls and adequate chemotherapy; and to indicate few
days after a less invasive surgical procedure, such as
kyphoplasty. The morphological results obtained are sim-
ilar to those present in medical literature for the same
pathology [13, 15, 16], but inferior to the correction
obtained in osteoporotic fracture [14]. Correction of the
deformity is, in myeloma collapsed vertebrae, possible
because of the soft vascular nature of this pathology, as
evidenced by the backflow of blood from the working
cannulae during kyphoplasty. The near-fluid consistency of
the myeloma’s tissue and the lytic nature of the bone make
it easy for the inflatable bone tamp to displace tissue in the
act of reducing the fracture and creating the cavity [6]. This
then results in impressive cement filling of the vertebra.
The effects of potential malignancy cells dissemination, in
what already is widespread disease, is nowadays not
known. We do not have observed any significant effects in
our group and we also were able to proceed safely with the
kyphoplasty in all patients simultaneously with any chemo-
therapy. The minor restoration of prefractured vertebral
morphology is in myeloma patients probably due to the
difficulty in fully differentiating the effects of bone
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osteolysis caused by MM versus osteoporosis caused by
medications and inactivity, and also to the different frac-
ture configuration, usually biconcave and with a higher loss
in height, than those seen in true osteoporotic patients,
usually wedge and when recent fewer collapsed.

Another practical advantage of balloon kyphoplasty is
its ability to allow the use of a greater than 2.5 mm gauge
biopsy needle that has good chances of retrieving sufficient
quantity of tissue for histopathological studies. In our ser-
ies, the success rate was 93.3%, with 69.9% of confirma-
tion of diagnosis and 31% new diagnosis that allowed
patients to immediately undergo an immediate adequate
systemic medical treatment. These results can be improved,
in the future, using technical principles of transpedicular
biopsy reported in literature [17, 18].

All patients with MM present skeletal involvement and
the majority of these have no neurological involvement.
Hence, in MM, the majority of morbidity and mortality is
caused by skeletal failure because of bone destruction.
Therefore, timely intervention of effective skeletal recon-
struction is of increasing importance. Because kyphoplasty
have demonstrated, in these years, its safety and efficacy in
improvement of pain and function, unchanged over time,
and in correction of deformity, in our opinion every recent
fractured or collapsed vertebral body in myeloma patients
should undergo this surgical treatment, in order to avoid
the structural and debilitating functional effects of a pro-
gressive spinal kyphotic alignment.

Conclusions

Balloon kyphoplasty is effective and safe in the manage-
ment of MM vertebral fractures. It led to a diminution of
pain, increased function, significant height restoration and
reduction of segmental kyphosis, maintained unchanged to
a median-time follow-up.
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