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Single-Balloon Kyphoplasty in Osteoporotic Vertebral
Compression Fractures : Far-Lateral Extrapedicular
Approach
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Single-balloon kyphoplasty via an extrapedicular approach has been reported to be effective because it requires less time than conventional two-
balloon kyphoplasty and has comparable therapeutic efficacy. However, single-balloon kyphoplasty is not popular because the extrapedicular
approach is believed to be complicated and unsuitable for the thoracolumbar and lumbar spine. The authors describe a standardized surgical
technique that utilizes a far-lateral extrapedicular approach for single-balloon kyphoplasty, which can be performed in any part of the spine by
physicians without substantial difficulty. 
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INTRODUCTION

Recently, a single-balloon kyphoplasty technique was
introduced to overcome the shortcomings of conventional
two-balloon kyphoplasty, in particular, the amount of time
required for this bilateral procedure. Furthermore, its ther-
apeutic efficacy for osteoporotic vertebral compression
fractures has been reported to be comparable to that of
two-balloon kyphoplasty12,16). Basically, single-balloon
kyphoplasty requires the insertion of a balloon catheter into
the center of a vertebral body to achieve a level of biome-
chanical stability comparable with that of two-balloon
kyphoplasty. However, the extrapedicular approach has not
been well standardized for single-balloon kyphoplasty,
because the required trajectory from skin entry to the
center of the vertebral body appears variable according to
the level involved and its radiological anatomy. Accordingly,
this approach requires an experienced hand and is generally
less favored than the transpedicular approach of two-
balloon kyphoplasty, which has a comparatively determined

trajectory in the pedicle, and can be performed, with less
experience. 

The authors describe a less-demanding standardized
technique of single-balloon kyphoplasty using a far lateral
extrapedicular approach. 

OPERATIVE TECHNIQUES 

The procedure of the far lateral extrapedicular single-
balloon kyphoplasty has been described by the authors in
the previous report12). In the present study, the procedure
required to insert the apparatus that conveys bone cement
into the center of a vertebral body is presented in detail, as
this is usually considered to be the most difficult aspect of
the far lateral extrapedicular approach procedure in single-
balloon kyphoplasty.

An ideal trajectory required during needle insertion,
which places a balloon in the middle of the fractured body,
is shown on Fig. 1. This trajectory starts from target ‘a’ to ‘c’
through ‘b’. The point ‘a’ is an imaginary point which the
diagonal line drawn from ‘c’ through ‘b’ intersects the skin
of actual human back. To determine the entry point ‘a’, the
authors measured the length of the lines ‘α’ and ‘β’ on axial
CT scans in 20 adults, who were distributed as 8 male and
12 female in average age of 62.3 years (range; 56-72), and
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determined (α / β) ratios. In the results, α / β‚ was about 2.5
irrespective of level observed, as shown on Table 1. 

According to these results, the authors drew three lines ‘A’,
‘B’ and ‘C’ on back skin to determine skin entry (Fig. 2).
The line ‘C’ was placed vertically at ‘c’ on AP views and
drawn on skin along the contralateral border of the verte-
bral body. The line ‘B’ was oriented vertically to point ‘b’
and drawn along the outmost border of the ipsilateral
pedicle ring, and the line ‘A’ was drawn longitudinally
parallel to the line ‘B’ and apart from line ‘C’ by 2.5 times
of ‘β ’ distance. These three lines were drawn on AP view
under fluoroscopic guidance. In lateral view, a suitable
trajectory for needle insertion would be from the skin entry
point to the corner made by the anterior cortex and inferior
end plate of the fractured body (Fig. 3B). Therefore, the
actual skin entry point (a) is defined as the point formed by
the intersection of lines line A and the ipsilaterally extending
line of the imaginary diagonal line on the fractured verte-
bral body between the contralateral lower corner (b) and
the ipsilateral upper corner (c) in AP view (Fig. 2). 

After making a small stab wound at the determined skin
entry point, a disposable 11-gauge Jamshidi needle (Manan
Medical, Northbrook, IL) is inserted, while maintaining an
angle of 45˚ to 50˚ between the horizontal plane and the
needle, and advanced to point ‘b’ (the outer border of the
base of the ipsilateral pedicle), through the ligament com-
plex of the costovertebral joint in the thoracic spine or the
transverse process in the lumbar spine under fluoroscopic
monitoring in AP and lateral views (Fig. 3A). After
penetrating the cortex of the vertebral body, the tip of the
needle may require minor adjustment as it must be directed
to the point where the anterior cortex of the fractured body
meets the inferior end plate in lateral view (Fig. 3B), and to
the point where the contralateral cortex of the vertebral
body meets the inferior endplate in AP view. When the
needle is advanced, its tip must be confirmed to be within
the pedicle ring on AP view, before passing the posterior
wall in lateral view, to avoid compromising the spinal canal.
Just after the tip of the needle passes the posterior vertebral
wall on lateral view, the stylet is removed and a guide wire is
inserted into the vertebral body and advanced until its tip
reaches in the body center on AP and lateral views.

The remaining kyphoplasty procedures are almost identical
to those in the standard balloon kyphoplasty (Fig. 4). 

Fig. 1. Line drawings on axial computed tomography scan showing
landmarks for determining skin entry point. Line C is drawn along the lateral
border of vertebral body at opposite side. Line B is drawn along the outmost
part of pedicluar ring at same side. Line A is apart from line C by 2.5 times of
β distance, irrespective of levels. Ideal trajectory of far lateral approach in
single balloon kyphoplasty should start from the point a (entry point), through
the point b (the outmost border of the ipsilateral pedicle ring), and the point c
(the imaginary point where the horizontal line drawn along the anterior cortex
meets the vertical line along the contralateral border of the fractured body) is
the target. α : a distance between the line A and C, β : a distance between
line B and C.

Fig. 2. A Photograph depicting actual skin entry point (a), defined as the
point of that line A meets the extension of the diagonal line (c to b) across
the treated vertebral body on anteroposterior view of fluoroscopy. b : the
ipsilateral upper corner of the fractured body, c : the contralateral lower
corner of fractured body on AP view.

Table 1. α / β‚ ratios at different vertebral levels

Variable T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 L5

Number 20 20 20 20 20 21 22 23 21 20 20 20

Mean (α / β) 2.64 2.59 2.55 2.5 2.42 2.38 2.4 2.45 2.53 2.66 2.79 2.75

SD* 0.27 0.25 0.24 0.24 0.22 0.23 0.33 0.27 0.26 0.25 0.22 0.24
*Standard deviation
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Clinical assessments
Between September 2007 and May 2008, twenty-nine

consecutive patients underwent the kyphoplasty using this
technique. The patients included 6 men and 23 women (age
range; 50-87 years, mean age; 68.8 years). Three patients
underwent two level operations. The level treated were
distributed form 7th thoracic to 5th lumbar spine (Fig. 5).
Mean amount of PMMA injected to fractured body was
4.90±1.13 cc. There was no case of operation failure.

Twenty-seven of 29 patients (93.1%) improved the VAS
score postoperatively. The mean preoperative VAS score
was 9.24±1.22, decreased to 2.33±2.57 at 2 days after

operation, and more improved to 1.74±1.85 at 14 days
postoperatively (p<0.001). 

The spread of PMMA in the treated vertebral body was
assessed in all patients postoperatively. We classified the
pattern of PMMA spread into five types on plain AP projec-
tion X-ray postoperatively as follows; Type 1 : evenly spread
bone cement in both sides, Type 2 : dominantly spread in
the ipsilateral side, but filled up sufficiently in the opposite
side also, Type 3 : dominantly spread in the ipsilateral side
and insufficiently filled up in the opposite side, Type 4 :
only filled up in the ipsilateral side, and Type 5 : dominantly
spread in the contralateral side, but filled up sufficiently in
the ipsilateral side also (Fig. 6).      

Height restoration ratio was calculated using the methods
introduced by Lieberman et al.9), which was calculated as :
(height regained/height loss)×100; height regained=
posttreatment height-pretreatment height; height loss=
estimated prefracture height-pretreatment fractured height. 

Statistical verification was determined using SPSS for
Windows (version 11.0.1; SPSS Inc). A result was considered
statistically significant if the probability was less than 0.05. 

The distribution of the types of PMMA spread in the
operated vertebral body is as follows : type 1 in 18 levels
(56.3%), type 2 in 6 (18.8%), type 3 in 6 (18.8%), and
type 5 in 2 (6.3%) but no case of type 4.

The average percentage of height lost that was restored by
this procedure was 30.34±20.98% (range; 0%-78%). The

Fig. 3. A : A disposable 11-gauge Jamshidi needle is inserted with
maintaining the angle at 45˚ to 50˚ between the horizontal plane and the
needle, and is advanced to the outer border of the base of the ipsilateral
pedicle, through the ligament complex of the costovertebral joint in the
thoracic spine or the transverse process in the lumbar spine, and is
advanced to the center of vertebral body. B : The tip of the needle is
directed to the point where the anterior cortex of the fractured body meets
the inferior end plate on the lateral view.

A B

Fig. 4. Percutaneous kyphopasty using a single-balloon device performed in 12th thoracic vertebra (T12) of a 68-year-old woman with an osteoporotic
compression fracture (A and B). Intraoperative anteroposterior (C) and lateral (D) fluoroscopic views show a single balloon tamp in the middle portion of the
vertebral body. After inflating a balloon, the height of the body is increased (E and F). Bone cement is filled up the cave created by the single-balloon (G and H).

A B C D

E F G H



kyphotic deformity was corrected from 15.23±5.12 degree
to 8.01±4.82 degree after operation (p<0.001).

Among the 32 treated vertebrae, the extravasation of
cement occurred in 5 levels (15.6%) : intradiscal leaks in
two levels, leaks into the paravertebral muscles in two, and
leaks into the paravertebral venous channel in one. No
patient complained of symptoms related with the extrava-
sations. And, there were no complications related with the
surgical procedures.

DISCUSSION

The extrapedicular approach was firstly introduced by
Brugieres et al.3) in 1990, when it was referred to as the
transcostovertebral approach, and was originally designed for
conducting biopsies at the center of a vertebral body in the
mid or high thoracic spine using a single needle. The
extrapedicular approach was later applied to osteoporotic
vertebral compression fractures in the mid and high thoracic
spine by Boszczyk et al.2) in 2005, and by the authors12).
However, surgeons might find it difficult to follow the
described procedures based on the descriptions given in the
literature, because it is difficult to consistently placing the tip
of the needle in the center of a vertebral body. Based on the
authors’ experiences, the most difficult and important part of
the extrapedicular approach in terms of winning the center of
a spine is the initial stage, e.g., the determination of the skin
entry point, and the maintenance of a trajectory that enables
arrival at an ideal position in the posterior vertebral wall. Skin
entry point determination is totally dependent on the radio-
anatomical landmarks of the costovertebral joint and transverse
process, which are not clearly demonstrated in advanced
osteoporotic patients. Moreover, the procedure is consider-
ably more difficult in the lumbar than in the thoracic spine.

Several reports have been issued on single-balloon kyphopl-
asty, but the majority have focused on clinical or radiological
outcome and not on surgical technique7,13,16,17). 

According to the postoperative assessments in the present
study, PMMA spread was comparatively even in both sides
of the vertebral body in 26/32 levels (81.3%), and even the
other 6 levels (18.7%) still showed quite amounts of PMMA
in the mid portion and the contralateral side of the vertebral
body. 

With regard to the other clinical parameters in the present
study such as reduction of pain score, restoration rate of
decreased vertebral height, improvement in kyphotic defor-
mity and extravasation rate, all the results appeared
comparable with the ones of the conventional two-balloon
kyphoplasty, which have been reported in the previous
literatures1,4-6,8-11,14,15). 

The needle advance through the far-lateral route can be put
at the potential risks of injuries of the existing nerve roots and
the segmental vessels. However, there may be no chance of
such complications as long as the approaching route is main-
tained along the pedicle of the involved vertebra on the
anteroposterior and lateral fluoroscopic views. Under local
anesthesia, the injury of the nerve root can be avoided by
patients’ complaining of radicular pain during the procedures. 

There would be an individual error in measuring the entry
point in this procedure, because this measurement method
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Fig. 6. Diagrams showing a classification system of the bone cement
spread injected in the treated vertebral body. Type 1 : Evenly spread bone
cement in both sides. Type 2 : Dominantly spread in the ipsilateral side, but
filled up sufficiently in the opposite side also. Type 3 : Dominantly spread in
the ipsilateral side and insufficiently filled up in the opposite side. Type 4 :
only filled up in the ipsilateral side. Type 5 : Dominantly spread in the
contralateral side, but filled up sufficiently in the ipsilateral side also.

preoperation Type 1

Type 2 Type 3

Type 4 Type 5

Fig. 5. Bar graph showing distribution of the treated vertebrae. Long axis
represents the number of fractured levels treated. 
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does not consider the curved surface of human body. How-
ever, a gentle sloping curve of human back would allow this
possible error to be within an acceptable range.

As long as the procedures described in the present report
are strictly followed under fluoroscopic guidance in patients
with osteoporotic vertebral compression fractures, bone
cement can be delivered into the center of a vertebral body
consistently in the mid and high thoracic spines as well as the
thoracolumbar and lower lumbar spines, and comparable
clinical results can be achieved. Moreover, the principle of
this procedure can be applied to both single-balloon kypho-
plasty and single-needle vertebroplasty.

CONCLUSION

The described far lateral extrapedicular approach for sin-
gle-balloon kyphoplasty allows the administration of bone
cement into the center of a vertebral body safely and
efficiently under fluoroscopic guidance, and can also be
applied to osteoporotic vertebral compression fractures in
both the thoracic and lumbar spines without significant
difficulty. 
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