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ABSTRACT

Background: Incidence of vertebral compression fractures (VCFs) is increasing due to increase in human life expectancy and
prevalence of osteoporosis. Vertebroplasty had been traditional treatment for pain, but it neither attempts to restore vertebral
body height nor eliminates spinal deformity and is associated with a high rate of cement leakage. Balloon kyphoplasty involves
introduction of inflatable balloon into the fractured body of vertebra for elevation of the end-plates prior to fixation of the fracture
with bone cement. This study evaluates short term functional and radiological outcomes of balloon kyphoplasty. The secondary
aim is to explore short-term complications of the procedure.

Materials and Methods: A retrospective study of 199 kyphoplasty procedures in 135 patients from March 2009 to March 2012
were evaluated with short form-36 (SF-36) score, visual analogue scale (VAS), detailed neurological and radiological evaluations.
The mean followup was 18 months (range 12-20 months). Statistical analysis including paired sample t-test was done with
statistical package for social sciences.

Results: Statistically significant improvements in SF-36 (from 34.29 to 48.53, an improvement of 14.24, standard
deviation (SD) - 20.08 P < 0.0001), VAS (drop of 4.49, from 6.74 to 2.24, SD - 1.44, P < 0.0001), percentage restoration of lost
vertebral height (from 30.62% to 16.19%, improvement of 14.43%, SD - 15.37, P < 0.0001) and kyphotic angle correction (from
17.41° to 10.59°, improvement of 6.82, SD - 7.26°, P < 0.0001) were noted postoperatively. Six patients had cement embolism,
65 had cement leak and three had adjacent level fracture which required repeat kyphoplasty later. One patient with history of
ischemic heart disease had cardiac arrest during the procedure. No patients had neurological deterioration in the followup period.
Conclusions: Kyphoplasty is a safe and effective treatment for VCFs. It improves physical function, reduces pain and corrects
kyphotic deformity.
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INTRODUCTION the spine and related to the severity of spinal deformity.
Standard management includes bed rest, analgesia,

steoporotic vertebral compression fractures (VCFs) ~ bracing or a combination of these.® Prolonged bed rest
are a major healthcare problem.! Symptomatic VCFs ~ leads to further loss of bone mass while bracing cannot

can be associated with decreased quality-of-lifeand ~ restore spinal alignment and often is poorly tolerated by
increased mortality in the elderly.2 Disability associated with ~ older patients. Open surgical treatment is reserved to
VCFs is apparently caused by changes in the alignment of ~ the rare cases of progressive deformity and neurological
deterioration or to more frequent cases of persistent,
Departmentf)fOrthopaedic Surgery, The Spine Clinic, Shalby Hospitals, Ahmedabad, intractable pain. Vertebroplasty and Kyphoplasty are
Gujaret, India well known percutaneous vertebral body augmentation
procedures that provide pain relief when used to treat
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Quick Response Code: a high rate of cement leakage.*!° Percutaneous balloon
Website: kyphoplasty involves introduction of the inflatable balloon

www.ijoonline.com into the fractured body of the vertebra for elevation of

the end-plates prior to fixation of the fracture with bone
DO cement.!!!4 This study was conducted to evaluate functional
10.4103/0019-5413.159673 and radiological outcomes of balloon kyphoplasty in acute
VCFs and pseudarthrosis.
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MATERIALS AND METHODS

All 135 patients who sustained VCFs in total 199 vertebrae
due to osteoporosis, malignancy or traumatic event and
were operated with balloon kyphoplasty between March
2009 and March 2012 at our tertiary referral center, were
included in this retrospective study. All the patients had
painful, stable, wedge compression fractures without breach
of posterior cortex. The neurological status was normal and
there were no active signs of infection. None of the patients
included in the study had history of intervention for spine
ailments or history of allergy to polymethylmethacrylate
bone cement.

Patients with coagulation disorders, unstable fractures
or complete vertebral collapse with posterior cortical
defects, vertebral fractures with neurological deficits,
signs of active infection and history of known allergy to
polymethylmethacrylate cement were excluded from the
study. Patients undergoing repeat kyphoplasty for a new
fracture or due to previous kyphoplasty procedures were
excluded from the study.

All patients were explained in detail about their diagnosis
and treatment options available both nonoperative and
operative. Detailed history, physical examination, laboratory
investigations and evaluation by physician, anesthetists and
cardiologists were done before the procedure. Preoperative
radiological percentage loss of vertebral height and kyphotic
angle were measured. Preoperative pain and quality of
life were analyzed by visual analogue scale (VAS)*® and
short form-36 (SF-36)% score. The VAS is a psychometric
response scale. Operationally, it is usually a horizontal line,
100 mm in length, anchored by word descriptors at each
end. The patient marks on the line the point that they feel
represents their perception of their current state. The VAS
score is determined by measuring in millimeters from the
left hand end of the line to the point that the patient marks.
As such an assessment is clearly highly subjective, these
scales are of most value when looking at change within
individuals and are of less value for comparing across a
group of individuals at 1-time point. The SF-36 health
survey consists of eight scaled scores (vitality, physical
functioning, bodily pain, general health perceptions,
physical role functioning, emotional role functioning, social
role functioning and mental health). The final score is a
weighted sum of the questions in each section. Each scale
is directly transformed into a 0-100 scale on the assumption
that each question carries equal weight. The lower the
score, the more disability. The higher the score, the less
disability. All patients underwent preoperative magnetic
resonance imaging (MRI) scan to determine levels of
vertebrae involved. The detailed written informed consent
was taken from each patient.

Operative procedure

Patients were positioned prone on radiolucent
C-arm operating table with properly positioned
bolsters [Figure 1la]. Extra padding was placed beneath
head, chest, pelvis and extremities. The procedures were
performed under cover of 1.5 g intravenous cefuroxime
antibiotic. After disinfection and draping diluted 1%
lidocaine HCI was injected to anesthetize local area.
Kyphoplasty was performed according to the procedure
described by DaFonseca et al.!” and Voggenreiter!®
Using fluoroscopic guidance, bilateral transpedicular
or parapedicular access to the fractured vertebral body
was obtained by insertion of guide wires at the 2 O’clock
position of the right pedicle and the 10 O’clock position of
the left pedicle. The opening was progressively enlarged
using successively larger cannulas [Figure 1b]. The
balloon tamps were then inserted through the cannulas
and placed inside the anterior 3/4 of the vertebral
body on the lateral view and covering both sides to the
midline on the anteroposterior view. The balloons were
then slowly inflated with dye containing fluid to reduce
the compression fracture and create a void for cement
injection. The inflation was stopped when the pressure
gauge read 300 psi or if the balloon made contact with the
end-plate [Figure 2a]. The volumes of the balloons were
noted at this time. The cement was then mixed and time
was allowed to pass until it hardened to an appropriate
viscosity before injection. The balloons were then deflated
and removed from the vertebral bodies and cannulas. The
bone filling devices were filled with cement and placed
through the cannulas into the anterior aspect of the void
created by the balloons. The polymethylmethacrylate
cement was injected incrementally to fill the void in a
retrograde fashion from anterior to posterior [Figure 2b].
As the void was filled, the bone filling devices were
pulled back gradually. Regular fluoroscopic imaging was
performed to ensure no extravasations occurred. The
volume of cement injected was equal to or less than the
inflation volume of the balloon tamps. The bone filling
devices were then pulled back slightly but kept in until the
cement hardened. They were then twisted to break off any
connected cement to prevent cement from being left in the
pedicle when removing these devices from the cannulas.

A number of precautions were taken to reduce cement
extravasation as one of the most common kyphoplasty
complications. These included a thorough analysis of
the computed tomography (CT) scans, especially of
the posterior wall; exact placement of the balloons and
removal only immediately prior to cement delivery;
injection of the cement at the correct viscosity and
continuous fluoroscopic monitoring during cement
delivery to rapidly spot any form of extravasation of the
cement [Figures 1a, b and 2a, b].
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Figure 2: Peroperative clinical photographs showing (a) Inflating balloon (b)

Postoperative management

During the first 24 hours following kyphoplasty, circulation,
motor and sensory functions of the extremities were
monitored every 2 hourly. Besides the conventional
radiographs in two planes, a CT scan of the area of
interest was also used to establish any cement leakage,
when in doubt. After the first postoperative day, patients
were mobilized under the supervision of physiotherapists.
Clinical (VAS and SF-36 scores) and radiological
(restoration of vertebral height and kyphotic angle were
measured?®®) followups were conducted at 1, 3, 6, 12, 18 and
20 months postoperatively. Radiographs were evaluated
by independent radiologists with the help of computer
measurement software preoperatively, postoperatively
and at last followup. Intra operative and postoperative
complications such as an allergic reaction to cement,
cement embolism, cement leak, infection, neurological
deficits and adjacent vertebral body fractures were noted
[Figures 3 and 4].

Statistical analysis

All data were evaluated using Statistical Package for the
Social Sciences (SPSS) version 21.0 software, a statistical
data analysis product from SPSS Inc., Chicago, IL, USA. by
a professional statistician. Paired t-test was used to analyze
mean difference at 95% level of significance between
preoperative and postoperative values of variables such
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Polymethylmethacrylate cement insertion after balloon inflation

Figure 3: X-ray dorsolumbar spine anteroposterior view showing
(a) osteoporotic fracture of vertebral body (b) cementing with restoration
of height

as VAS score, SP-36 score, X-ray kyphotic angle, loss of
vertebral height. Distribution of age, gender, indication,
number of levels, cement leak and its direction were also
analyzed.

The mean in the paired samples t-test of all variables
displays the average difference in each pair. The standard
deviation (SD) displays the SD of the average difference
in each score. The standard error mean values provide an
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index of the inter and intra observer variability in repeated
random samples of 135 patients. Inter and intra observer
variability was not found to be statistically significantly
different. The 95% confidence interval of the difference of
variables provides an estimate of the boundaries between
which the true mean difference lies in 95% of all possible
random samples of 135 patients in this study.

Magnetic resonance imaging scan provides valuable
information about nature of the disease (i.e., osteoporotic,
neoplastic and traumatic) and duration of fracture.
We follow above illustrated treatment protocol. After
1-month of failed conservative treatment we consider
vertebroplasty in patients with persistent painful fractures
and compression <30% and kyphoplasty in fractures
that had progressed to a vertebral body collapse equal or
higher than 30% within the 3 month. Kyphoplasty must be
performed earlier than 3 months in order to maximize the
possibility of improvement in spinal sagittal alignment. In all
fractures presenting after 3 months duration vertebroplasty
was performed [Figure 5].

Figure 4: (a) Preoperative traumatic compression fracture. (b) Kyphoplasty
with instrumentation

ResuLTs

There were total 135 patients included in the study (males:
52 [38.5%], females: 83 [61.5%]). Mean age was
67 years (range 19-88 years, mean: 67.45, median: 68
and mode: 65). Etiology of compression fracture was
osteoporosis in 115 (85.2%) patients, malignancy in
17 (12.6%) patients and trauma in three (2.2%) patients.
All patients underwent MRI of the spine in order to decide
the level of vertebral involvement and pathology. Majority,
91 (67.4%) patients, had single vertebral level involved,
two vertebral levels were involved in 30 (22.2%) patients,
8 (5.9%) patients had three level involvement, while rest
6 (4.4%) had four levels involved. 127 (94.07%) patients
had kyphoplasty only while 8 (5.93%) patients had
kyphoplasty with instrumentation procedure. The mean
followup was 18 months (range 12-20 months).

Across 135 subjects VAS level witnessed drop of 4.49,
from preoperative 6.74 to postoperative 2.24 (SD - 1.44,
P < 0.0001). Short form-36 score improved from 34.29 to
48.53, an improvement of 14.24 (SD - 20.08 P < 0.0001).

Radiological outcome

Improvement of X-ray kyphotic angle from preoperative
mean of 17.41° to postoperative mean 10.59°, mean
improvement of 6.82° (SD - 7.26 P < 0.0001). Restoration
of preoperative mean percentage loss of anterior vertebral
height from 30.62% to postoperative 16.19% mean
improvement of 14.43% (SD - 15.37, P < 0.0001).

Sixty-five (48.14%) patients had cement leak out of which
25 (18.52%) had antero lateral leak, 8 (5.93%) had
postero lateral leak, 10 (7.41%) had leak in inferior disc,
19 (14.07%) had leak in superior disc, 3 (2.222%) had
leak through pedicle. Although kyphoplasty is supposed
to reduce the chances of cement leakage as it creates
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space for introduction of cement under lower pressure,
we had significant number of cases with cement leakage.
We contribute this finding to morphology and degree of
comminution of fractures in those patients. Patients with
either superior or inferior end-plate fracture had more
chances of leakage into respective discs. With the breach
of antero-lateral or postero lateral wall of the body, patients
had leakage in the respective direction and cement was
found to be leaked in pedicle when cannula was removed
before cement was expected to have hardened or when
breaking of connected cement was unsuccessful despite
adequate twisting of cannula. Patients with cement leak were
monitored for neurological or cardio-vascular deterioration
postoperatively. None had any detectable complication.
Three patients (2.4%) developed adjacent single vertebra
fracture within 2 months of the index procedure. Two had
upper adjacent vertebra involved, and one had lower
one involved. All of them underwent immediate repeat
kyphoplasty as they had severe pain and the deformity was
more than 30°. They didn't have any further complications.
Intra-operative image intensifier showed uptake of cement
in tributaries of the azygous vein in 6 (4.45%) patients.
However, none progressed to frank pulmonary embolism.
All patients were monitored in Intensive Care Unit and were
managed conservatively. One patient (0.74%) with history of
ischemic heart disease, developed cardiac arrest at the end of
the procedure. Urgent cardiologist intervention was sought.
There were no neurological deficits, infection and allergic
reaction to cement in any of the patients postoperatively.

DiscussioN

Back pain is the principal manifestation of an acute
VCE?°2! Pain is expected to subside as the fracture heals,
over a period of approximately 3 months.?? However, it
is estimated that one-third?® to three-quarters® of such
patients may then develop chronic back pain. The causes
may be attributed to pseudarthrosis or to osteoporotic
spinal deformity such as kyphosis or kyphoscoliosis. The
degree of kyphosis correlates well with the patient’s physical
function, the risk of further fractures, compression of the
spinal cord, mental well-being and pulmonary function,
any of which may contribute to increased mortality rate.?>2
Traditional vertebroplasty has been used to treat pain,
however, it makes no attempt to restore the height of a
collapsed vertebral body and is associated with high rates
of extravertebral cement leakage.*1°

Kyphoplasty is a new technique that involves the introduction
of inflatable bone tamps into the vertebral body. As the
tamp is inflated, vertebral body height is restored, and a
cavity is created within the vertebral body, allowing for
low-pressure cement filling of the cavity. Restoration of the

sagittal alignment of the spine will bring about a change
of the displaced center of gravity backwards, thereby
decreasing the risk for secondary fractures.!"** The creation
of a void within the vertebral body surrounded by impacted
trabeculae allows the insertion of viscous bone cement with
moderate pressure, obviating leakage of cement. Hence,
kyphoplasty reduces chances of complications associated
with vertebroplasty and improves functional outcome by
correcting kyphotic deformity.

In a prospective multicenter US study,?® there was an
average of 60% reduction in pain (preoperative VAS = 7.5,
7 days postoperative VAS = 3, P < 0.01). Ledlie and
Renfro® reported similar results, with a continuation in
the improvement at 1-year. Coumans et al.*° reported that,
in 78 patients with 188 fractures, patient quality-of-life
significantly improved following balloon kyphoplasty,
as reflected by marked improvement in SF-36 (from
preoperative 35.5 to postoperative 50.12 P < 0.001) and
statistically significant improvement in function as shown by
Oswestry disability index (preoperative 49 to postoperative
34, P < 0.001 at final followup). Theodorou et al.?! found
that the average kyphosis decreased from 26° to 16°
after balloon kyphoplasty in 24 fractures treated. Phillips
et al.3? reported that the local angulation for 52 fractures
prospectively treated with balloon kyphoplasty decreased
from 17.5° to 8.7°, resulting in a mean local angular
deformity correction of 8.8° (range, 0-29°). Theodorou
et al. 3! reported that the vertebral bodies were, on average,
79% of the predicted height before treatment and 92% of
the predicted height after balloon kyphoplasty. In Ledlie
and Renfro® average anterior vertebral body height was
66% of the predicted value before balloon kyphoplasty and
89% of the predicted value after balloon kyphoplasty. Garfin
et al. ** reported an average anterior vertebral body height
of 68% of the predicted value before balloon kyphoplasty
and 84% of the predicted value after balloon kyphoplasty.
Multicenter US study,?® Lieberman et al.'! Theodorou et al.®!
reported 30.2%, 35% and 66% lost vertebral height restored
at midline respectively in all fractures.

Results of our study are similar to above mentioned results
published in the literature. We have noted statistically
significant improvement of symptoms in the form of
improved VAS score (drop of 4.49, from preoperative 6.74
to postoperative 2.24) and SF-36 scores (improvement of
14.24, from preoperative 34.29 to postoperative 48.53). We
also noted statistically significant improvement of kyphotic
angle (mean improvement of 6.82°, from preoperative
17.41° to postoperative 10.59°) and percentage restoration
of anterior vertebral body height (mean improvement
of 14.43%, from preoperative loss of vertebral height of
30.62% to postoperative 16.19%).
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Complications with kyphoplasty are less than that
documented with vertebroplasty. Adjacent vertebrae
fracture is a unique complication associated with
Kyphoplasty, which occurs because of the increased strength
of the stabilized vertebral bodies in an osteoporotic spine.
We witnessed three such patients, all of them were managed
conservatively. Adjacent vertebral fractures can be prevented
by correctly recognizing and performing kyphoplasty in all
fractured vertebrae identified by preoperative MRI scan.
Furthermore, reported inevitable side effects of long term
analgesic medication in patients with chronic pain can be
avoided.?*** Another disadvantage of kyphoplasty is the
high cost of the equipment.?>3¢ The procedure takes longer
and is more painful than vertebroplasty and may require
general anesthesia and more radiation.

The principle limitations of this study were its nonrandomized
design, hence, our results require confirmation by randomized
controlled trials. In addition, there remain unresolved questions
about kyphoplasty. There was no significant correlation
between the degree of height restoration and the observed
improvement of pain or mobility. Internal stabilization and
thus prevention of permanent microfracturing may also cause
pain reduction,” because previous retrospective observations
of patients after vertebroplasty with no effect on vertebral
morphology also showed a significant reduction of pain.3%°
To establish cost-effectiveness, a formal study is required to
confirm a potential reduction in downstream health resources
with kyphoplasty.*® Other treatment options for pain caused
by vertebral fractures such as brace treatment also have
yet to be evaluated with regard to costs in a prospective
controlled study.*!

To conclude in this retrospective nonrandomized study,
we observed a positive effect of kyphoplasty on vertebral
morphology and patients’ pain and level of activity after
minimum 12 months. Therefore, kyphoplasty performed in
appropriately selected patients with severely painful acute
vertebral fractures or nonunions is a promising addition to
current pharmacological treatment. However, multicentric
randomized controlled trails are required before reaching
to significant conclusion.
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