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Objective : Balloon kyphoplasty is a minimally invasive pracedure that is mainly performed for refractory pain due to osteoporotic compression
fractures. The purpose of this study was to evaluate the results of balloon kyphoplasty performed at different times after an injury.

Methods : In this retrospective study, the records of 99 patients who underwent one level of balloon kyphoplasty between January 2005 and
December 2007 were reviewed. The patients were divided into three groups : 21 patients treated within 3 weeks of an injury (the acute group),
49 treated within 3 weeks to 2 months of an injury (the subacute group), and 29 patients treated at more than 2 months after an injury (the
chronic group). Clinical outcomes were assessed using a visual analogue scale (VAS). In addition, modified MacNab's grading criteria was used
to assess the subjective patient outcome. The radiology findings, including vertebral height restoration and procedure related complications,
were analyzed based on the different time intervals after the injury.

Results : Patients in all three groups achieved marked pain relief in terms of the VAS within 7 days of the procedure. Good or excellent results were
achieved by most patients in all three groups. However, the height restoration, the main advantage to performing a balloon kyphoplasty, was not
achieved in the chronic group. Moreover, evidence of complications including cement leakage was observed significantly less frequently in the
subacute group compared to the other two groups.

Conclusion : Although balloon kyphoplasty is an effective treatment for osteoporotic compression fractures, with regard to pain relief, the
subacute stage appears to be optimal for treating patients with a balloon kyphoplasty in terms of achieving the best outcomes with minimal
complications.

KEY WORDS : Balloon kyphoplasty - Osteoporosis - Compression fracture.

percutaneous balloon tamps. Height restoration and reduced
cement leakage are important features of the balloon kypho-

INTRODUCTION

Compression fractures due to osteoporosis are common
in the elderly and are 2 common problem encountered by
spine surgeons”. Percutaneous vertebroplasty and balloon
kyphoplasty have been widely used to treat painful osteo-
porosis associated compression fractures for many years,
and various means of reducing complications have been
discussed*”. Furthermore, balloon kyphoplasty is now
being touted as a technique that allows for the reduction of
sagittal alignment of the spine with the use of inflatable
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plasty and differentiate this technique from the percutaneous
vertebroplasty. Despite the advantages of balloon kypho-
plasty, there are procedure related complications including
extravasation of bone cement, pulmonary embolism and adja-
cent compression fractures that are a concern to the surgeon.
The optimal timing for performing a balloon kyphoplasty
has not been adequately studied. Accordingly, the purpose
of this study was to compare the clinical outcome of bal-
loon kyphoplasty done at different time intervals after an

injury and the frequency of postoperative complications.

MATERIALS AND METHODS

From January 2005 to December 2007, 99 patients with

a single level osteoporotic compression fracture who under-
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went balloon kyphoplasty at our institution were included
in this study. Indications for the balloon kyphoplasty were
local pain, major vertebral body deformity, or increasing
deformity by radiographs with radiologic signs of osteo-
porosis, and current fracture activity identified by magnetic
resonance imaging. The following patients were excluded :
those with multiple level compression fractures, absence of
an obvious traumatic event, suspected of having spinal
metastasis, with a neurological compression syndrome due
to the dislocation of bony fragments, and those who could
not be monitored. The 99 patients were divided into three
groups by the time interval between injury and the date of
the balloon kyphoplasty : in the acute-stage group (n = 21),
patients were treated within 3 weeks of an injury; in the
subacute stage group (n = 49), treatment was provided 3
weeks to 2 months after injury, and in the chronic-stage
group (n = 29), patients received treatment more than 2
months after the injury.

All enrolled patients had dual-energy X-ray absorptio-
metry (DEXA) bone mineral density testing and magnetic
resonance imaging. All had severe osteoporosis, a T-score
< -3.0, and a single level osteoporotic compression fracture.
All procedures were performed by the same surgeon. The
mean follow-up period was 13 months (range 8-15 months).
Clinical outcomes were assessed using a visual analogue
scale (VAS). The effects of the procedure were analyzed preo-
peratively, 7 days postoperatively, and at the final follow-up.
In addition, modified MacNabs crite-
ria were used to assess the surgical out-

mal collapse on lateral radiographs or on midsagittal mag-
netic resonance (MR) images. The vertebral heights were
reported as fractions of the referenced height. Computed
tomographic scans were obtained at the treatment level,
using a 1.25 mm section thickness and 0.6 mm overlap to
evaluate cement leakage after the procedure. The charac-
teristics of the patients are summarized in Table 1. The three
groups were compared for age, gender, mean T-score,
affected vertebral body level, preoperative degree of pain,
and vertebral height. All data presented in the tables are
median values. The preoperative group differences were
evaluated using the Student’s t-test for unpaired data. Intra-
group changes associated with the procedure were evaluated
using the Student’s t-test for paired data. p values of < 0.05
were considered significant.

RESULTS

The bipedicular approach under local anesthesia was used
in all patients. The patient demographics, including age,
gender (female predominance), pain, vertebral height, mean
T-score, and fracture level were not significantly different
(Table 1). Significant pain relief was achieved in all three
groups (p < 0.01). For the acute stage group, the mean VAS
scores were 7.8 before surgery, 2.5 on the 7th day after
surgery, and 2.3 at the last follow-up visit. For the subacute
stage group, the mean VAS was 7.6 before surgery, 2.7 on

Table 1. Basic characteristics of patients before balloon kyphoplasty

come at the last follow-up. Radiolo- Group| Group | Gr?up I Significance
. . . . : (acute),n=21 (subacute), n =49 (chronic),n=29
gical findings including height resto-

) b ) d Mean age (years) 62.3 65.4 66.9 NS
ration, bone cement extravasation and ;e . Female 8:13 10:39 7:22 NS
other systemic complications were 5 o ave 340 367 380 NS
analyzed by the time interval between  groctyred evel (11-2) 17 (80%) 39 (79%) 22 (76%) NS
the injury and. the date Of interven' (Thordco_lumbar region)
tion. The extent of vertebral body  Visual andlogue scale 7.8 (5.0-8.8) 7.6 (5.6:82) 7.1 (45:8.2) NS
collapse was determined using the  Verfebral height (%) 69 (62-75) 66 (50-80) 65 (50-72) NS
vertebral heights at the point of maxi- Evaluation of differences shows similar epidemiologic data. NS : non-specific
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Fig. 1. Visual analogue scale (VAS) after balloon kyphoplasty according to time. *p < 0.01 compared to preoperative VAS.
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the 7th day after surgery, and 2.8 at the final follow-up
visit, and in the chronic stage group, the mean VAS was 7.1
before surgery, 3.0 on the 7th day after surgery, and 3.0 at
the final follow-up visit (Fig. 1). Most patients achieved
favorable outcomes (good or excellent) in all three groups
according to Macnab’s criteria (Table 2). However, the
subacute-stage patients showed lower complication rates
after the procedure than the acute and chronic stage patients
(Table 3). The inter-group pairwise comparison of the
complications revealed no significant difference between
the acute and chronic stage groups (p = 0.079); however,
there was a significant difference between the subacute and
the acute/chronic groups (p = 0.012). The radiology com-
plications included cement leakage into the adjacent disc,
paravertebral soft tissue, and epidural extravasation. After
the balloon kyphoplasty, the vertebral height increased
significantly in the acute and subacute groups; however, the
chronic stage group showed no significant vertebral height
restoration (Table 4). In the acute group, one female patient
developed a symptomatic cement extravasation into the
posterior spinal canal that was treated by posterior decom-
pression and cement removal. One female patient in the
chronic group had a serious pyogenic spondylitis 4 weeks
after the procedure; this patient underwent a posterior
fusion to relieve intolerable pain due to an aggravated
kyphosis after the infection resolved. Within the first 6
months after surgery, another fracture occurred at 7 adjacent
levels (acute group 2, subacute group 3, and chronic group
2. These fractures were also treated by cement augmen-
tation with a vertebroplasty or kyphoplasty. However, no
major complications, such as respiratory complications
related to pulmonary embolism, or fat embolism, were
encountered in any of the groups.

Table 2. Satisfactory results after balloon kyphoplasty by injury stage

Kyphoplasty after Different Times | GS Oh, et al.

DISCUSSION

Osteoporotic vertebral compression fractures often occur
after low-velocity trauma, weight lifting, or even in the ab-
sence of a significant traumatic event. Balloon kyphoplasty
has been widely used to treat osteoporotic compression
fractures, and provides rapid pain relief in the majority of
patients. The use of inflatable bone tamps (IBT) has aided
kyphoplasty procedures in restoring the vertebral height and
reducing cement extravasation rates”'”. Although the proce-
dure is a minimally-invasive, percutaneous technique, the
cement augmentation procedure itself is associated with
intra- and postoperative complications®'”. The optimal
timing of balloon kyphoplasty with regard to an injury has
not been determined. In patients with relatively minor
degrees of acute vertebral collapse, we provide conservative
treatment initially and obtain serial radiographs. If progres-
sive collapse of the vertebral body is evident, balloon kypho-
plasty is recommended. However, if the patient presents
with advanced kyphosis after a compression fracture, imme-
diate kyphoplasty is considered to improve the sagittal
alignment. We have observed that thoracolumbar junction
fractures (rather than fractures in thoracic or lumbar regions)
and fractures that occur in the vertebra with extremely low
bone mineral density are predisposed to progressive collapse
and deformity, and thus, earlier kyphoplasty may be war-
ranted in such cases. With regard to pain, the findings of
this study demonstrate that balloon kyphoplasty for painful
acute osteoporotic compression fractures can effectively
treat the pain regardless of the time interval after an injury.
Pain reduction was observed within 7 days of the procedure
in all groups. This prompt relief of pain was associated with
vertebral body stabilization, and was maintained at the final

follow-up visit. Furthermore, the long-

Good and excellent resulfs

lasting effects of balloon kyphoplasty

on pain might be attributed to an im-

Patients no. 7 days Postop Final follow up
no. (%) no. (%) proved sagittal profile of the spine,
Acute Y 18 (86) 20 (95) which reduces the compensatory acti-
Subacute 49 43 (88) 47 (96) vities of muscles, and promotes natural
Chronic 29 23 (80) 24 (83) fracture healing®.
Total 9% 84 (8%) 9192) The main advantage of balloon
Table 3. Evaluation of complications by injury stage
: Cement leakage
Patients d Adjacent vertebrdl ,
, _ Infection Total (%)
(n=99) , Endplate posterior spinal fracture
Paraspinal , ,
(adjacent disc) candl
Acute 21 5 2 1 2 0 10(47)
Subacute 49 2 2 0 3 0 7 (14)*
Chronic 29 3 3 0 2 1 @3N

*Significant difference between the subacute and the acute/chronic groups (p=0.012)
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Table 4. Changes of vertebral height by injury stage CONCLUSION
Preoperative Final follow-up Significance
Acute 0.70+£0.06 086 +0.05 p=0012* Although balloon kyphoplasty Wwas
Subacute 066+0.14 085005 p=0007" an effective treatment for osteoporotic
Chronic 0.65+0.07 068 +0.08 p=0.102

*p values are given for significant changes with preoperative values

kyphoplasty is that it reduces cement extravasation because
of the space created by the balloon tamps. In our study, the
rate of cement leakage was lower in the subacute group.
This difference may indicate that fracture sites may be
more susceptible to cement leakage during the acute stage
after an injury. During the acute stage, even with the bal-
loon tamps, cracks in the cortex increased the risk of cem-
ent leakage. Therefore, when the procedure is performed
during the acute stage, cracks in the cortex are more likely
to cause cement leakage. Whereas partial or fibrous unions
might be indicated and become more evident during the
subacute stage, as demonstrated by MRI, healing has com-
menced, which makes this stage more suitable for injecting
bone cement in terms of reducing leakage. On the other
hand, when balloon kyphoplasty is performed during the
chronic stage, the restoration of vertebral body height is
difficult to achieve by bone tamp inflation because the
healing process has progressed to bone union and it was
difficult to inject bone cement by low pressure at this stage.
Some articles have reported on venography before bone
cement injection, during vertebroplasty or kyphoplasty;
many spine surgeons think that these findings cannot be
used to predict cement leakage accurately because the
density of the dye differs from that of the cement”. We
terminate the procedure as soon as leakage is observed into
the disc, paravertebral tissue, or epidural space.

In the present study, adjacent level fractures occurred in 7
levels. These fractures were thought to be attributable to
osteoporotic progression and the enhanced stiffness of the
stabilized vertebral body®”. The present study was under-
taken to determine the optimal timing of balloon kypho-
plasty. Patients in all three study groups achieved significant
pain relief. However, the findings show that the procedure
is best performed during the subacute stage because it
allows height restoration and causes fewer complications.

compression fractures at all stages after
injury, the subacute stage appears to
be the optimal time for balloon kyphoplasty with regard to

achieving the best outcomes and fewer complications.
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