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Vertebral Augmentation: State of the Art

Amer Sebaalyl, Linda Nabhane®, Fouad Issa El Khouryl, Gaby Kreichati', Rami El Rachkidi’

'Department of Orthopedic Surgery, Hotel Dieu de France University Hospital, Faculty of Medicine, Saint Joseph University, Beirut, Lebanon
zDepartment of Diagnostic Radiology, Hotel Dieu de France University Hospital, Faculty of Medicine, Saint Joseph University, Beirut, Lebanon
*Department of Spine Surgery, Mount Lebanon University Hospital, Faculty of Medicine, Saint Joseph University, Beirut, Lebanon

Osteoporotic vertebral compression fractures (OVF) are an increasing public health problem. Cement augmentation (vertebroplasty of

kyphoplasty) helps stabilize painful OVF refractory to medical treatment. This stabilization is thought to improve pain and functional

outcome. Vertebroplasty consists of injecting cement into a fractured vertebra using a percutaneous transpedicular approach. Balloon

kyphoplasty uses an inflatable balloon prior to injecting the cement. Although kyphoplasty is associated with significant improve-

ment of local kyphosis and less cement leakage, this does not result in long-term clinical and functional improvement. Moreover,
vertebroplasty is favored by some due to the high cost of kyphoplasty. The injection of cement increases the stiffness of the fracture
vertebrae. This can lead, in theory, to adjacent OVF. However, many studies found no increase of subsequent fracture when comparing

medical treatment to cement augmentation. Kyphoplasty can have a protective effect due to restoration of sagittal balance.
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Introduction

Vertebral fractures are an indicator for osteoporosis and
or osteopenia [1]. As the prevalence of older and elderly
individuals in the global population continues to increase,
the incidence of osteoporosis will continue to rise, as will
the incidence of osteoporotic vertebral fractures (OVF)
[2]. OVF affects 117 per 100,000 persons; its primary and
major symptom is localized back pain that can be de-
bilitating [3]. OVF are often not associated with a fall or
trauma unlike other fragility fractures [1]. More than 25%
of women 50 year of age and older will have one or more
vertebral fractures by 2025 [1]. Moreover, patients with
one vertebral fracture are 5-times more likely to develop
another spinal fragility fracture [4]. OVF are associated
with a greater and more prolonged impact on health-re-

lated quality of life (HRQOL) than other fragility fractures
[2].

The risk of mortality is 2-fold higher in patients with
OVE, with osteoporotic men at higher risk for mortality
than women [5]. One study of a cohort of 7,233 commu-
nity-dwelling older women over 65 years of age reported
that women with at least one new fracture had an age-ad-
justed 32% increased risk of mortality [6]. When compar-
ing mortality from OVF to other fractures, a 25% increase
in mortality risk after OVF compared to hip fractures has
been described [7].

Vertebroplasty was initially described for the treatment
of aggressive hemangioma of the lumbar spine [8]. Ce-
ment is injected into the vertebra via a transpedicular ap-
proach, which helps stabilize the vertebral fracture with
improvement of strength and stability. Balloon kypho-
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plasty creates a cavity within the vertebra by the dint of
an inflatable balloon thus reducing the required injection
pressure and restoring of vertebral body height (Fig. 1) [1].

In 2010, the American Academy of Orthopedic Sur-
geons (AAOS) evidence-based guidelines committee
strongly recommended against the use of vertebroplasty
and kyphoplasty as an option for the management of
painful osteoporotic compression fractures [9]. This state-
ment was based on two randomized control trials (RCTs)
that were published in the New England Journal of Medi-
cine in 2009 [10,11]. These studies were heavily criticized
[12,13] and since, seven other RCTs have been published.

The objective of this review is, while analyzing the evi-
dence, to answer the following questions: (1) What is the
efficacy of cement augmentation of OVF? (2) Is kypho-
plasty superior to vertebroplasty in the treatment of OVF?
(3) Is early fixation superior and more cost effective than
delayed augmentation of vertebral osteoporotic fracture?
(4) Is cement augmentation a risk factor for subsequent
OVEF?

Efficacy of Cement Augmentation in OVF

In 2009, Buchbinder et al. [10] published a randomized
multicenter controlled trials where 78 patients were ran-
domized to vertebroplasty or sham. No difference in mat-
ter of pain (overall, at night, at rest) and quality of life was
found at 1 week or at 1, 3, or 6 months after treatment.
Kallmes et al. [11] randomized 131 patients to vertebro-
plasty versus sham. Both groups had immediate improve-

- oS4,

£

ment in disability and pain scores after the intervention.
Although the two groups did not differ significantly on
any secondary outcome measure at 1 month, there was
a trend toward a higher rate of clinically meaningful im-
provement in pain in the vertebroplasty group. Hence, the
AAOS based its recommendation mentioned above on
these two studies. However, these two studies were heavily
criticized because of the inclusion of patients with sub-
acute and chronic fractures and so should be interpreted
cautiously [12,13].

Since then, seven RCT have been published, with posi-
tive results in six. The exception was a comparison of 49
patients with acute/semiacute OVF treated conservatively
or with percutaneous vertebroplasty; an immediate reduc-
tion in pain was observed in the vertebroplasty group, but
the results between the groups were similar at 3 and 12
months [14].

On the other hand, in the FREE trial [15], 300 patients
received either kyphoplasty or optimized medical treat-
ment. The kyphoplasty group had more rapid improve-
ment in QOL, function, mobility, and pain. The improve-
ment in back pain was still significantly better in the
kyphoplasty group at 24 months [15]. The authors recom-
mended balloon kyphoplasty as an early treatment option
for patients with painful OVE In the VERTOS study [16],
percutaneous vertebroplasty was compared with optimal
pain medication treatment in 42 patients (fracture aged
more than 6 weeks and less than 6 months). The vertebro-
plasty group demonstrated significantly improved pain
since day 1 and at 2 weeks, as well as improved quality of

]

Fig. 1. A case of a 72-year-old woman who sustained a compressive vertebral fracture one month previously after a simple fall and
was treated with a brace. Pain persisted and an X-ray revealed complete loss of vertebral height (A). Kyphoplasty was performed and

X-ray shows restitution of vertebral height (B).
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life [16]. In the VERTOS II study [17], 202 patients over
50 years of age with acute OVF were randomized to ver-
tebroplasty or optimal conservative treatment. Pain relief
was immediate after vertebroplasty and was sustained for
1 year, and was significantly better than that achieved with
conservative treatment. The authors also reported a gain
of 30,000 Euro per quality adjusted life year (QALY) [17].
Farrokhi et al. [18] randomized 82 patients to percutane-
ous vertebroplasty or optimal medical management. The
vertebroplasty group had significant improvement of QOL
at all evaluations (3 weeks, 3 months, 6 months, 1 year, 18
months, and 2 years). However, pain improvement was
limited to the first three evaluations. Blasco et al. [19] ran-
domized 125 patients to vertebroplasty or optimal medical
treatment. Both groups showed significant improvement
in VAS scores at all time points, but at 2 months there was
greater improvement in the vertebroplasty group. QOL
was superior in the vertebroplasty group at all time points,
whereas the control subject group did not have an im-
provement until the 6-month follow-up [19]. The last RCT
compared balloon kyphoplasty to non-surgical manage-
ment in 300 patients. The kyphoplasty group had greater
improvements in the QOL across the 24-month follow-
up period compared with nonsurgical therapy. Back pain
was statistically less in the kyphoplasty throughout follow-
up [20]. When all this data was compiled into a meta-
analysis, the VAS mean difference was 0.73 for early (<12
weeks) and 0.58 for late time points (6-12 months), favor-
ing vertebroplasty (p<0.001). The functional outcomes at
early and late time points were statistically significant, as
well as the superiority of the HRQOL.

On the other hand, cement volume seems to affect the
outcome of the procedure. In fact, Roder et al. [21] found
that cement volume correlated positively with pain relief
with lower cement filling volumes contributing to inferior
postoperative outcomes and recommended a volume of
more than 4.5 mL to achieve clinical efficacy. Even more,
Martindic¢ et al. [22] proved in a cadaveric study that ce-
ment volume correlated with compressive stiffness of
the vertebra and recommended the filling of a fractured
thoracolumbar vertebra fracture with a minimum of 4-6
mL of cement volume. However, higher volumes would
be associated with higher cement extrusion, especially in
vertebroplasty. In fact, Ren et al. [23] found in a multi-
variate model of 171 vertebral bodies that cement volume
and vertebral wall incompetence are significant predictors
for cement leakage in kyphoplasty. On the other hand,
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Kaufmann et al. [24] and Roder et al. [21] found no re-
lationship between cement volume and extravasation. In
short, while there is no definitive evidence to support a
specific volume of cement to be injected, a cement volume
of 5-6 mL seems to be a reasonable choice.

All this evidence favors cement augmentation in the
treatment of symptomatic OVF [25]. Conclusions should
be cautiously drawn as the results were heterogeneous and
with a high likelihood of bias, because most of these stud-
ies were sponsored by industry [1].

Kyphoplasty versus Vertebroplasty

When performing a kyphoplasty, a balloon is used to cre-
ate a cavity in the fractured vertebra thus reducing the
kyphosis and the injection pressure. It has the theoretical
advantages of improving the kyphosis at the fractured
level and reducing the injection pressure, which limits ce-
ment leakage [1]. Nineteen studies compared the efficacy
and the safety profile of kyphoplasty compared to verte-
broplasty [26] but only two RCTs compared the efficacy of
these techniques [27,28].

In the first RCT, 100 patients with OVF received ver-
tebroplasty or kyphoplasty. Vertebral body height and
kyphotic wedge angle was significantly better in the ky-
phoplasty group. Pain scores did not differ significantly
between the treatment groups [27]. A meta-analysis of the
randomized and non-randomized controlled trials com-
pared 832 patients between kyphoplasty and vertebroplas-
ty. Vertebroplasty was more effective for pain relief in the
short-term (no more than 7 days), while kyphoplasty was
superior for intermediate-term (approximately 3 months)
functional improvement. No difference was shown be-
tween the two in long-term pain relief or functional
improvement [29]. When recent data is added, the 1081
patients showed no difference in pain scores at short-term
follow-up, but a favorable result for kyphoplasty for inter-
mediate pain scores was evident [30]. Furthermore, there
was no difference in operative time, but significant im-
provements were evident in local kyphosis and the ante-
rior height of the vertebral body [31]. However, no differ-
ences in QOL scores were observed [30]. Thus no clinical
difference was found, albeit the significant improvement
of kyphosis.

Cement leakage remains a significant complication
from vertebroplasty and kyphoplasty procedures. Ce-
ment leakage into the vertebral veins or spinal canal could
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lead to serious clinical complications [1]. Vogl et al. [28]
randomized 77 patients with painful OVF to kyphoplasty
or vertebroplasty. Kyphoplasty was associated with sig-
nificantly reduced number of levels with leaks and total
number of leaks per level. This finding was confirmed by
two recent meta-analyses that documented a risk ratio
of cement leakage in kyphoplasty compared to vertebro-
plasty of 0.65 (range, 0.49-0.89) [26,31]. However, when
separating the leakage into two groups—“at risk” disc
space and “the safe” paravertebral space—no difference in
cement leakage was found in the disc space, but cement
leaked more in the paravertebral space in vertebroplasty
[26]. This finding could be explained by the higher vis-
cosity of cement in kyphoplasty due to its lower injection
pressure.

To be considered cost effective, an intervention should
provide a cost per quality-adjusted life-year (QALY) of
less than 50,000 dollars [1]. When analyzing cost effective-
ness of cement augmentation, vertebroplasty was found to
cost 30,000 euro per QALY gain [17]. Even more, a recent
study showed ballon kyphoplasty to be a cost-effective
strategy for the treatment of patients hospitalized with
acute OVF compared to vertebroplasty and medical treat-
ment [32]. In contrast, an analysis of the cost-effectiveness
of balloon kyphoplasty compared with standard medical
treatment found the cost per QALY gained 92,154 euros
[33]. A recent systematic review could not draw a defini-
tive conclusion on the cost-effectiveness of vertebroplasty
or kyphoplasty [34]. Thus, owing to the higher cost of the
kyphotic balloon procedure, the authors recommend ver-
tebroplasty over kyphoplasty for the treatment of OVF [27].

Early versus Delayed Augmentation of OVF

Early vertebroplasty for acute OVF has gained popu-
larity in recent years. A recent study compared a non-
randomized model of early and delayed vertebroplasty (at
least 2 weeks after the onset of fracture) for acute OVF at
the thoracolumbar junction [35]. The authors found no
difference in the final clinical outcome in term of VAS,
Oswestry Disability Index, and Odom’s criteria, as well as
in final vertebral body collapse and segmental kyphosis.
The major finding in this study is that immediate im-
provement of the VAS after vertebroplasty was greater in
the early compared to the delayed group. Cement leakage
was less in the early group. This is the only published data
comparing the early versus delayed vertebroplasty for

acute OVE hence the need of RCTs.

Cement Augmentation and Subsequent OVF

The injection of cement in the fractured vertebra has been
implicated in significant changes in vertebral strength,
vertebral shape, and consequently increased strain on the
adjacent osteoporotic fracture [4]. New fracture can re-
flect progression of osteoporotic disease or can be a direct
consequence of the surgical treatment. When evaluating
the results of the VERTOS II study, the incidence of new
OVF in patients was not different after vertebroplasty
compared with conservative therapy in the first year of
follow-up. The only risk factor for the occurrence of new
OVEF was the number of OVFs at baseline [36]. Compila-
tion and analysis of the data from the 13 studies (n=2,551)
revealed a similar incidence of overall vertebral fracture
in the vertebroplasty group compared to those receiving
conservative therapy [4]. In a subgroup analysis, no dif-
ference was found to adjacent OVF [4]. Another meta-
analysis found no increase of adjacent or overall OVF
after vertebroplasty [37]. When comparing kyphoplasty to
vertebroplasty, no difference in the incidence of OVF was
found [4,37].

One special situation is when a vertebra is sandwiched
between two augmented OVFs. This situation increases
the strain on the middle vertebra. In a study that ran-
domized 290 patients with 363 OVFs with a total of 27
sandwich situations to vertebroplasty or conservative
treatment, the same incidence of fracture was found in
the vertebroplasty and conservative treatment groups at a
mean follow-up of 4 years [38]. Sandwiching did not have
any effect on subsequent fracture incidence. The only no-
table finding was the earlier incidence of an OVF in the
vertebroplasty group.

Even though cement augmentation increases the stift-
ness of the augmented vertebra, the incidence of new
vertebral fracture is not increased [4,37,38]. Even more,
a protective effect of kyphoplasty has been reported [36].
This finding could be explained by the restoration of the
sagittal profile and vertebral height with kyphoplasty [39].

Indications and Contraindications for
Vertebroplasty and Kyphoplasty

In 2010, Rollinghoff et al. [40] published a consensus
among 160 expert practitioners on the indications and
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contra-indications of cement augmentation in OVE. Indi-
cations were: (1) painful osteoporotic OVF that does not
improve with 2-3 weeks of nonsurgical care, (2) hospital-
ization as a result of painful OVE (3) painful pathologic
fracture, (4) aggressive hemangioma, and (5) Kimmell
disease. Absolute contraindications were: (1) asymptom-
atic fractures, (2) history of vertebral body osteomyelitis,
(3) allergy to bone fillers, and (4) irreversible coagu-
lopathy. Relative contraindications were: (1) presence of
radiculopathy, (2) bone retropulsion against neural struc-
tures, (3) >70% collapse of vertebral body height, and (4)
multiple pathologic fractures.

When cement augmentation is indicated, evidence does
not help in the choice between kyphoplasty and vertebro-
plasty. Cement augmentation is not recommended when
the OVF is less than 1 month old [41], even with recent
evidence of better pain management with early (<2 days)
vertebroplasty [35]. If pain persists after one month of
medical management cement augmentation is indicated.
The percentage of compression of the vertebral body de-
termines whether to use vertebroplasty or kyphoplasty.
OVF with a collapse <30% are an indication for verte-
broplasty whereas OVF with a collapse >30% are an in-
dication of kyphoplasty. When more than 3 months have
passed since the fracture incidence, and when cement
augmentation is indicated, only vertebroplasty could be
used, as kyphoplasty does not offer the kyphosis correc-
tion anymore.

Conclusions

OVFE is a rising problem affecting mainly the older popu-
lation. This review has highlighted the superiority of
cement augmentation over an optimal conservative treat-
ment for OVE Kyphoplasty is associated with significant
improvement of local kyphosis and less cement leakage
without any difference in long-term pain or functional
outcome. Cement augmentation is not associated with
higher incidence of subsequent OVE. The percentage of
compression of the vertebral body and the age of the frac-
ture can determine whether to use kyphoplasty or verte-
broplasty.
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