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BALLOON KYPHOPLASTY IN OSTEOPOROTIC
PATIENTS WITH SPONTANEOUS VERTEBRAL
COMPRESSION FRACTURES
SPONTAN VERTEBRA KIRIĞI OLAN OSTEOPOROTİK
HASTALARDA BALON KİFOPLASTİ
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Objective: The purpose of this study is to assess the outcomes of our patients who underwent
balloon kyphoplasty for spontaneous osteoporotic vertebral fractures regarding pain relief,
correction of the vertebral body height, and complications such as adjacent segment vertebral
fractures
Material and Methods: We retrospectively evaluated 63 consecutive patients (74 vertebral
bodies) with vertebral body compression fracture who were treated by balloon kyphoplasty.
Patients’ body mass index (BMI), bone mineral density (BMD), level(s) of the fractured vertebrae,
visual analog scale (VAS) for pain intensity were noted. Local kyphosis angle (KA), and the rate of
vertebral height loss (VHL) were measured. Oswestry disability index (ODI) was used to assess the
disability. All the patients had a minimum follow-up of 12 months
Results: KA and VHL as well as VAS and ODI scores significantly improved at the final follow-up
(p<0.05, p<0.001 respectively). There were cement leakage in 5 procedures (6.7 %) and 11 (14.8 %)
adjacent segment fractures (ASF) were detected during the follow-up.
Conclusion: Balloon kyphoplasty is an effective and safe procedure that can provide early pain
relief, improve function and correct the deformity in spontaneous osteoporotic vertebral body
fractures.
Keywords: Osteoporosis, osteoporotic spinal fractures, surgical treatment kyphoplasty
Level of evidence: Retrospective clinical study, Level III.

ÖZET
Giriş: Bu çalışmanın amacı balon kifoplasti yapılan spontan osteoporotik vertebra kırıklı hastaların;
ağrının giderilmesi, vertebral gövde yüksekliğinin düzeltilmesi ve komşu segment kırıkları gibi
komplikasyonlar açısından değerlendirilmesidir.
Materyal-Metot: Balon kifoplasti ile tedavi edilmiş vertebral gövde kompresyon kırıklı 63 hasta (74
vertebral seviye) geriye dönük olarak incelendi. Hastaların vücut kitle indeksi (BMI), kemik mineral
yoğunluğu (BMD), kırık vertebraların seviyeleri kaydedildi. Lokal kifoz açısı (KA), ve vertebral gövde
yükseklik kayıp oranı (VHL) ölçüldü. Klinik değerlendirmede ağrı için görsel analog çizelge (VAS)
skorları ve Oswestry sakatlık skoru (ODI) kullanıldı. Tüm hastaların en az 12 aylık takipleri kaydedildi.
Sonuçlar: Hem KA ve VHL, hem de VAS ve ODI skorlarında son kontrolde anlamlı olarak düzelme
görüldü (p<0.05, p<0.001). Takip süresince 5 (% 6.7) seviyede sement kaçağı ve 11 (% 14.8) komşu
segment kırığı (ASF) tespit edildi.
Sonuç: Balon kifoplasti, osteoporotik vertebral gövde kırıklarında, erken ağrı kontrolü, fonksiyonun
geri kazanımı ve deformiteyi düzeltmede etkili ve güvenli bir yöntemdir.
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INTRODUCTION
Spontaneous vertebral body fractures are an increasing concern
among senior population. These fractures can cause pain, a
decrease in quality of life, kyphosis that may lead to respiratory
insufficiency, and limitation of mobilization. Balloon
kyphoplasty is a minimally invasive and effective technique
for reducing pain and decreasing kyphotic deformity. It was
introduced by Garfin et al. to restore vertebral height and
correct kyphotic deformity and maintaining the correction
by applying polymethylmethacrylate (PMMA) (5-6). The
main goal in the treatment of osteoporotic vertebra fractures
is to relieve pain, regain functions of daily living and halt the
progression of osteoporosis. It can be performed in patients
either with neoplastic, traumatic and osteoporotic fractures.

procedure had been performed, and the T scores were noted.
Oswestry disability index (ODI) was used to assess the
disability (Table-1) (4).

Conservative treatment of VCF usually consists of bed rest,
analgesics and bracing.

All the patients had minimum 2 weeks of conventional
treatment such as bed rest, NSAID, and bracing before the
procedure. The indications for the procedure were severe pain
due to acute (> 2 weeks) or sub-acute (2 – 8 weeks) osteoporotic
vertebral body compression fracture and kyphotic deformity
of more than 30°. The local kyphosis angle was measured by
Cobb method (Figure 1). The rate of vertebral body height
loss (VHL) was estimated by calculating mean anterior
vertebral body height of the adjacent vertebrae and the ratio
of the anterior vertebral height of the fractured vertebra to
this average height. Bone edema indicating acute fracture was
confirmed with short tau inversion recovery sequences (STIR)
of the magnetic resonance imaging (Figure-2) (24).

Unfortunately, prolonged immobilization may exacerbate
osteoporosis that may further predispose osteoporotic vertebral
compression fractures (8,24-25). However, open surgery with
implants pose higher risk, especially for the osteoporotic
patients with associated co-morbidities (13).

Table-1. Presentation and clinical characteristics of the 63
patients (74 cases). KA: Kyphosis angle, VHL: Vertebral
height loss, VAS: Visual analog scale for pain assessment,
ODI: Ostrowski disability index.

The purpose of this study is to assess the outcomes of our
patients who underwent balloon kyphoplasty for spontaneous
osteoporotic vertebral fractures regarding pain relief,
correction of the vertebral body height, and complications
such as adjacent segment vertebral fractures. The patients were
evaluated in terms of pain relief, correction of the deformity,
and complications such as adjacent segment vertebral fractures.
Balloon kyphoplasty is a valuable tool for the patients with
VCF when conservative treatment has failed. It provides
sustainable improvement to the patients’ pain and disability.

T6

1 (1.4%)

T9

1 (1.4%)

T7
T10
T11

1 (1.4%)
4 (5.4%)
2 (2.7%)

T12

18 (24.3%)

L2

9 (12.2%)

L1

14 (18.9%)

L3

14 (18.9%)

We retrospectively evaluated 63 consecutive patients (74
vertebral bodies) with vertebral body compression fracture
who were treated by balloon kyphoplasty between September
2014 and October 2016 (Table 1). Patients mean age was 78.5
± 9.1 years. There were 15 male (23.8 %) patients and 48 (76.2
%) female patients in our study. Female: Male ratio was 3:1.

L5

4 (%5.4)

All of the patients had X rays and MRI scans of the involved
area. Patients’ body mass index (BMI), bone mineral density
(BMD), level(s) of the fractured vertebrae, visual analog
scale (VAS) for pain intensity were noted. Local kyphosis
angle (KA), and the rate of vertebral height loss (VHL)
were measured on the lateral plain radiographs. BMD
was measured at the lumbar spine (L1–L4) by dual-energy
radiograph absorptiometry (DEXA). An average BMD value
was calculated for each subject by averaging values from L1
to L4, excluding those vertebrae where the augmentation

VAS
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L4
BMI

6 (8.1%)
26 ± 3.6

KA
(degrees)

15.3 ± 11.4

T score:

-3.2 ± 1.26

VHL (%)

ODI

53.6 ± 13.4
8.1 ± 0.8

66.5 ± 7.1

The patients who had previous vertebroplasty, kyphoplasty,
an osteoporotic vertebral collapse higher than 90%, or the
patients with neurological deficit, bleeding disorders, unstable
fractures due to posterior element involvement were excluded.
Also the patients with a malignant disease, systemic or spinal
infections were excluded.

Figure-1. A) Preoperative T2A and B) STIR magnetic resonance images of a patient with L1 compression fracture, C)
Lateral intraoperative C-arm image of the same patient.

Surgical technique
All the procedures were done with sedation and local
anesthesia in prone position. Cephazoline sodium 1gr IV
was used as prophylaxis. The fractured vertebra was centered
on the AP and lateral C-arm projections. Two 11- gauge
Jamshidi needles were inserted percutaneously into both
pedicles of the fractured vertebra. Two guide pins were
inserted through the Jamshidi needles into the two thirds of
the vertebral body and then two inflatable bone tamps were
advanced into the fractured vertebral body. The balloons were
inflated simultaneously under C arm observation. A volume of
3-4 cm3 was created in the vertebral body while maintaining
pressures below 200 pound/inch2 in the balloons. A matching
volume of polymethylmethacrylate (PMMA) was injected
through the pedicules. Postoperative anterior-posterior and
lateral X- rays were ordered to check for complications and
cement leakage.
Patients were asked to attend the follow-up visits on the 3rd,
6th and 12th months. BMD of the patients were obtained
on the first follow-up visit. All follow up visits consisted of
physical examinations, VAS assessments for pain, ODI and
x-rays to assess the treated and adjacent vertebrae. The same
investigator did all radiological measurements.
All the patients had a minimum follow-up of 12 months; the
mean follow-up period was 23.4 ± 5.2 months.
Statistical Analysis
Statistical analyses were performed using SPSS software
version 21 (Armonk, NY). The variables were investigated
using visual (histograms, probability plots) and analytical

methods (Kolmogorov Simirnov / Shapiro-Wilk's) to
determine whether they are normally distributed. Descriptive
analyses were presented using medians and interquartile range
(IQR) for the non-normally distributed and ordinal variables.
Since the KA and VHL measurements were not normally
distributed; nonparametric tests were conducted to compare
these parameters, as well as to compare the ordinal variables.
The Mann-Whitney U test was used to compare preoperative
versus postoperative and follow up KA and VHL correction
levels between the groups. A p-value of less than 0.005 was
considered to indicate a statistically significant result.
RESULTS
A total of 63 patients underwent balloon kyphoplasty between
September 2014 and October 2016. Nine patients had 2; one
patient had 3 simultaneous VCFs, resulting in a total of 74
procedures.
Postoperative KA and VHL improved from 15.3 ± 11.4 degrees
and 53.6 ± 13.4 % to 8.02 ± 2.9 degrees and 74.7 ± 11.3 %
respectively (p<0.05). These values slightly deteriorated at the
final follow-up, but it was not significant. The improvement
was still significant at the final follow-up (p<0.05). The
restoration of the vertebral height was 21.1 %. There were also
immediate clinical improvement postoperatively; the VAS and
ODI scores were improved from 8.1 ± 0.8 and 66.5 ± 7.1 to
2.2 ± 1.4 and 26.7 ± 5.3 respectively (p<0.001). Although, this
early postoperative improvement was slightly lost at the final
follow up, the improvements from the preoperative values were
still significant (VAS: 2.7 ± 1.6; ODI: 27.1 ± 4.1. p<0.001)
(Table-2).
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Mean bone cement (PMMA) volume was 4.6 ± 1.3 ml. There
were cement leakage in 5 procedures (6.7 %) and all of them
were to the disc space, and 11 (14.8 %) adjacent segment
fractures (ASF) were detected during the follow-up. ASF was
above the fractured vertebra in 7 cases (63.6 %), it was below
the fractured vertebra in 3 cases (27.3 %), and there were one
ASF (9 %) between the two fractured vertebrae.

There was more than 5 % decrease in the mean vertebral
height between the measurements taken before the procedure
and at the final follow up with accompanying osteolysis in 9
(12.2 %) cases. There was no accompanying history of trauma.
These were recognized as recollapses. There were no cases
of cardiopulmonary adverse events associated with cement
leakage and no neurological symptoms were observed.

Table-2. Clinical and radiological outcomes. KA: Kyphosis angle, in degrees, VHL: Vertebral height loss, VAS: Visual analog
scale for pain, ODI: Oswestry disability index. * preoperative – postoperative value significance p< 0.001, † preoperative – final
follow-up value significance p< 0.001).
Preop

Postop

Final Follow-up

KA (Degrees)

15.3 ± 11.4

8.02 ± 2.9*

9.83 ± 2.7†

VHL (%)

53.6 ± 13.4

74.7 ± 11.3*

71.3 ± 11.7†

VAS

8.1 ± 0.8

2.2 ± 1.4*

2.7 ± 1.6†

ODI

66.5 ± 7.1

26.7 ± 5.3*

27.1 ± 4.1†

DISCUSSION
Primary goals of symptomatic vertebral compression fractures
are pain relief, restoration of the vertebral height, restoring
sagittal profile, early mobilization and thus improving general
well-being of the patient. Balloon kyphoplasty is minimally
invasive, effective and relatively safe procedure for achieving
these goals when conservative treatment fails.
It has been reported that effective reduction of kyphotic wedge
through balloon kyphoplasty is possible (7,20-21,33).
The initial VHL was 53.6 ± 13.4 % before the balloon
kyphoplasty in our series; we successfully corrected the
vertebral height by 21.1% to 74.7 ± 11.3 % (p<0.005). The local
kyphosis angle was 15.3 ± 11.4 degrees and it was improved to
8.02 ± 2.9 degrees postoperatively (p<0.005). VHL restoration
by balloon kyphoplasty was reported to be between 12.8 –
31.7 % (1,28,33). The correction in the kyphosis angle was
reported between 3.9 - 16.5 degrees (1,27-28,33,35). The
lowest correction was reported in a group of patients with
rheumatoid arthritis (28).
Although there were several authors indicating minor
deterioration of postoperative VAS and ODI scores, significant
improvement persists over the follow up period as we had
seen in our group (VAS: 2.7 ± 1.6; ODI: 27.1 ± 4.1; p<0.001)
(17,28).
PMMA stabilizes fractured fragments and reduces pain,
and it is keeps the fractured vertebra in corrected position.
The immediate pain relief effect of balloon kyphoplasty
and functional recovery were well established (1,1011,18,28,33,36). Although, there were several studies showing
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diminishing pain relief and functional recovery throughout
a follow up period of 12 months, they all indicated that the
improvement from the preoperative state was still significant
(3,17,28,34). Our results revealed significant pain relief
and improvement of function in early postoperative period.
Although this improvement diminished slightly at the final
follow up, it was not significant. The significant improvement
from the preoperative period was still maintained.
The volume of the cement (PMMA) to be injected had not
been strictly defined, 2 – 6 ml of PMMA was usually suggested
to repair a fractured vertebral body and up to 8 ml of PMMA
was showed to remodel vertebral stiffness (14,20,23). However,
no correlation could be shown between greater cement volume
and pain relief (9,18).
It was pointed out that higher bone cement volumes were
accompanied with higher risk of leakage and increased stresses
in the adjacent vertebral bodies, in particular in the cranial
vertebral body (2,15,31). The cement leak was reported in a
wide range between 4 – 45 % (1,9,27,28). The average cement
volume given in the 45 % leak was relatively high (6.4 ±1.8
ml) and all the patients had rheumatoid arthritis. Our average
cement volume was 4.6 ± 1.3 ml, and we had relatively low
rate of cement leak, only in 5 patients (6.7 %). We observed 11
(14.8 %) ASF, 7 (63.6 %) of them were in the cranial vertebra.
ASF was reported to be between 9.6 – 21.7 %, and majority of
the fractures were in the cranial segment (9,28–30,32).
Recollapse of the operated vertebra was reported to be between
12.5 – 22.5 % (17,28). This recollapse was attributed to stress
shielding effect of PMMA, and/or osteonecrosis induced by
PMMA by some authors (10,16). It was reported to be seen

higher in kyphoplasty patients rather than vertebroplasty.
Interdigitation of PMMA with cancellous bone was proposed
to prevent stress shielding. It was proposed that cyst like defect
caused by osteonecrosis formed solid volume of PMMA in the
vertebral body, and load transfer occurred through this lump of
PMMA rather than interdigitated PMMA (10). We detected
similar recollapse rate (12.2 %) in our patients.

9.

Balloon kyphoplasty is an effective and safe procedure that
can provide early pain relief, improve function and correct
the deformity in spontaneous osteoporotic vertebral body
fractures. Although complications such as cement leakage
causing neurologic compromise or pulmonary embolus are
low, fractures in the adjacent segments of recollapses in the
fractured vertebra can be seen.

11. Hirakawa M, Kobayashi N, Ishiyama M, Fuwa S, Saida
Y, Honda H, Numaguchi Y. Radiological findings
as favorable predictors of pain relief in patients with
osteoporotic compression fractures after percutaneous
vertebroplasty: A retrospective study of 156 cases. Jpn J
Radiol 2012; 30(5): 407–414.
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