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Objective : A single bafloon extrapedicular kyphoplasty has been introduced as one of the unilateral approaches for thoracic compression fractures;
however, the unilateral extrapedicular technique in the lumbar area needs a further understanding of structures in the lumbar area. The purpose of
the present study is to describe methods and pitfalls of this procedure based on the anatomy of the lumbar area and to analyze clinical outcome
and complications.

Methods : Anatomical evaluation was performed with 2 human cadavers. A retrospective review of unilateral extrapedicular approaches vielded 74
vertebral levels in 55 patients that were treated with unilateral extrapedicular vertebroplasty and kyphopiasty. Radiographic assessment included the
restoration rate of vertebral height and correction of kyphosis.

Results : Anatomical evaluation indicates that the safe needle entry zone of bone for the extrapedicular approach was located in the supero-lateral
aspect of the junction between the pedicle and vertebral body. The unilateral extrapedicular procedure achieved adequate pain relief with a mean
decreases in pain severity of 7.25+1.5 and 2.0+1.4, respectively. Complications were 1 retroperitoneal hematoma, 6 unilateral fillings and 3 epi-
dural leak of the polymethyimethacrylate.

Conclusion : The method of a unilateral extrapedicular approach in kyphoplasty and veriebroplasty in the lumbar area might be similar to that in tho-

racic approach using a route via the extrapedicular space. However, different anatomical characteristics of the lumbar area should be considered.
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INTRODUCTION

Since the first report of vertebroplasty in 1987, the use of percu-
taneous vertebroplasty and kyphoplasty for the treatement of os-
teoporotic vertebral fractures has been dramatically increased
during the last 20 years and various approach methods were de-
veloped to access a fractured vertebral body*'"'¥. A single bal-
loon extrapedicular kyphoplasty has been already introduced as
a unilateral approach for compression fracture (transcostover-
tebral kyphoplasty), However, previous studies have reported
on kyphoplasty for the thoracic vertebra and explained meth-
ods for the thoracic area???). There was a study in 2002 in the lit-
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erature on the effect and method of unilateral vertebroplasty on
the lumbar compression fracture, but it did not explain the de-
tailed anatomical characteristics of the lumbar vertebra and it
was also a transpedicular method for vertebroplasty'”. While
the authors utilized the unilateral extrapedicular approach, it was
found that there were different anatomical characteristics be-
tween the lumbar and thoracic areas. Therefore, clinicians should
be aware of these differences to avoid complications. The pur-
pose of the present study is to describe the methods and pitfalls
of this procedure based on the anatomy of the lumbar area and
to analyze clinical outcomes and complications.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional Re-
view Board of Hallym University College of Medicine. The 55
consecutive patients (M : F=15 : 40) who underwent percutane-
ous extrapedicular unilateral kyphoplasty or vertebroplasty for
painful osteoporotic vertebral compression fractures at the 74
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lumbar levels between March 2006 and December 2009. All pa-
tients had persistent dorsal pain which did not respond to con-
servative treatment. Their diagnoses were confirmed by plain
radiography and magnetic resonance imaging (MRI). Two ca-
davers aged 66 and 68 years (1 latex injected fresh cadaver and
1 embalmed cadaver) were used for anatomical evaluation.

Surgical technique

The operative procedure was performed under aseptic condi-
tions in an operating room while blood pressure, heart rate, elec-
trocardiography, and pulse oximetry parameters were continu-
ously monitored. ‘

The patient was placed in the prone position. Before the proce-
dures, 25 mg of Demerol was injected intravenously to control
pain. A fluoroscopic machine was used for viewing the antero-
posterior and lateral projections of the spine. Usually, a right-
handed operator stood on the left side of a patient for a left-side
approach.

The operation started with a small stab incision. The skin en-
try point was determined from the axial image of preoperative
MRI or computed tomography at the target level. The authors
recommended targeting the tip of a needle in the vertebra was
in the mid-line and anterior one-third of the vertebra body for

Fig. 1. Needle agle can be calculated; 6:’=tan™ (b/a)x180/m=tan™ (b/
a)x57.2957 where, 6, =tan" [(b/2)xa]x57.2057; The 6 for kyphoplasty
and angles between 6, and 8, for vertebroplasty can be adequate. In the
lower lumbar area, the lateral wall of the pedicle (dotted iine) can be used
for an entry point due to the greater width of the lower lumbar pedicle.

L ‘ @
Fig. 2. Radiographs shows fluoroscopic images at the bone enty point.
The needle is anchored at the superolateral area of the padicle. An an-
teroposterior view (A) and a lateral view {B).

vertebroplasty and in the center of the body for balloon kypho-
plsty (Fig. 1). The trajectory line was made between the target
point of the needle tip and the skin entry point through the
transverse process (TP). Once the skin incision for the entry
point was made, adjusting the direction of the needle was limit-
ed due to large lumbar dorsal muscles which were larger than
thoracic muscles. Since there was no protecting structure or
bed-plate as a landmark such as the rib in cases of the thoracic
level, the TP was important. The incision wound for the skin
entry point was mostly located about 1-3 cm lateral to the tip of
the left TP on the antero-posterior (AP) view of the lumbar
spine. A disposable 11-gauge bone marrow needle (Manan Med-
ical, Northbrook, IL, USA) should be aimed at the medial one-
third of the left TP. When the needle tip reached the cortex of the
left TP, it overstrode the superior margin of the TP and went for-
ward scratching the supero-lateral cortex of the pedicle. At this
point, the patient should be questioned whether radiating pain
was felt because the nerve root passed nearby. The needle tip
could be located at the supero-lateral junction between the ped-
icle and vertebral body. After penetrating the cortex, minor ad-
justments might be required as the needle was directed to the tar-
get point. The needle was inserted through the cortex by tapping
its back end with a hammer. If the end of the needle reached the
inside boundary of the ipsilateral pedicle in the AP view; the lat-
eral view should be checked to see if the end of the needle did
not compromise the spinal canal, and safely arrived inside the
vertebral body. The entry point of bone was usually made at lat-
eral or supero-lateral wall of the pedicle and there was no artery
or nerve (Fig. 2A, B, 3A).

If the end of the needle arrived around the posterior one-
fourth of the body, a guide wire was inserted through the bone
marrow needle and forwarded up to the anterior two-third of the
body. Instead of the bone marrow needle, a working channel was
placed along the guide wire inside the vertebral body.

After the guide wire was removed, vertebroplasty or balloon
kyphoplasty was performed by the usual method as described
previously?'-420,

Image interpretation

Preoperative and postoperative imaging studies were observed
to analyze the degree of vertebral height restoration and im-
proving kyphotic deformity. The anterjor and middle height of
fractured vertebral body and normal vertebral bodies were mea-
sured from the lateral projection radiographs. The degree of
compression fracture was expressed as the percentages of esti-
mated pre-traumatic vertebral height. The height of a pre-trau-
matic vertebra was calculated by the mean of the measurements
from the nearest un-fractured vertebra below the fracture site.
The height restoration ratio was calculated using a method in-
troduced by McKiernan et al.'¥ Kyphotic angle from the lateral
radiographs was calculated using the Cobbs method; measure-
ments were taken from the superior endplate of the vertebra
one level above the treated vertebra to the inferior endplate of
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Fig. 3. Cadaveric dissection. A : Photograph shows the left posterlateal view of the extraforaminal area of L3-4. B : Photogragh shows the anterior

KB 5

view of the left side of the L3 vertebra. The lateral wall of the pedicle has no vascular structure (white circle). G : Schematic discription shows the safe
entry zone of lateral pedicle area (gray colored area). SP : spinous process, TP : transverse process, SF : sperior articular process of L4, D : interverte-
bral disc, YL : Y-ligament, LA : lumbar segmental artery, A : anastomotic branch, PM : posertomedial branch of lumbar artery, PL : posterolateral branch

of the lumbar artery, Vr : ventral ramus, Dr : dorsal ramus.

the vertebra one level below the treated vertebra.

Clinical follow-up

The outcome data were obtained by VAS (visual analogue scale;
ranged 0-10) before surgery, immediately after surgery and then
every 4 weeks. If symptom of patients were change between the
latest score, patients were questioned about the detailed change
and the moment of the change. All data including imaging stud-
ies were statistically analyzed. Statistical verification was deter-
mined using SPSS statistic software, version 13.0 (SPSS, Inc.,
Chicago, IL, USA). A p value of <0.05 was considered statisti-
cally significant.

RESULTS

Anatomical characteristics around the entry zone

The cadaveric dissection was focused on nervous and vascu-
lar structures around the entry zone into the vertebral body at the
lumbar level. The ventral ramus went out anterolaterally from the
superior part of the intervertebral foramen and traversed the
posterolateral aspect of the inervertebral disc. The ventral ramus
passed inferolaterally and crossed the transverse process of the
inferior vertebra near the mid-point of the process. The pos-
teromedial branch traversed the inferolateral area of the facet
joint and was passed into the fibrous capsule of the facet joint
(Fig. 3A). The segmental lumbar arteries sprouted from the ab-
dominal aorta and iliac artery and went around the verterbral
body and passed beneath the psoas muscle. The segmental lum-
bar artery was regularly located at the mid-point of the verte-
bral body when it crossed the anterior margin of the psoas mus-
cle (Fig. 3B). Then, it supplied muscular branches to the psoas
muscle and went inferoposteriorly directed to the intervertebral
foramen. The segmental artery gave off an anastomotic branch
inferiorly just before entering at the anterior area of the extrafo-
raminal area. The segmental lumbar artery divided into a branch
to the lateral area and a posteromedial branch accompanying the
posteromedial branch of the dorsal ramus. There were no vital
vessels in the lateral aspect of the pedicle (Fig. 3B). The boundary

Table 1. Summary of patient profile

Patients (M : F) 55 (15:40)
Levels 74

Age (year) 72 (53-90)
BMD (T-score) -3.24 (£1.05)
Symptom period (week) 5.1{(+4.1)
Follow-period (month) 17.5(2-44)
KP/VP 28/46
Cement volume 5.12 (+1.47)

BMD : bone mineral density, KP . kyphoplasty, VP : vertebroplasty

of a safe zone for the needle entry into the extraforaminal area
was located medial to one-third of the superior margin of the
transverse process and the most favorable area of bone entry
zone was in the superolateral aspect of the pedicle (Fig. 3B, C).

Clinical outcome

The clinical data of the patients are summarized in Table 1.
The distribution of lesions were 27 (36.5%), 21 (28.4%), 10
(13.5%), 12 (16.2%) and 4 (5.4%}) in the L1, 12, L3, 14 and L5,
respectively. The mean (£SD) amount of the polymethylmeth-
acrylate (PMMA) (Vertebroplastic Radiopaque Resinous Mate-
rial, DePuyAcroMed Inc,, Raynham, MA, USA) was 5.12 (£1.47)
mL. The VAS score was significantly decreased from a preoper-
ative value of 7.24 (£1.50) to a postoperative value of 2 (+1.40)
{p<0.01). There was no difference in relief of pain between the 2
procedures (Table 2). Postoperative nonsteroidal anti-inflam-
matory drug (NASID) or opioid medication for controlling rem-
nant pain was predescribed for 5.9 (+6.04) weeks. Approximately
94.8% of patients showed favorable results with considerable re-
lief of pain.

Radiographic assessment

Radiographic height loss and kyphotic deformities were ob-
tained from 74 levels (kyphoplasty : n=28, vertebroplasty : n=46)
treated by kyphoplasty or vertebroplasty. The mean preoperative
segmental kyphosis was 11.6° (+7.90°) and 8.6° (+7.26°) in ky-
phoplasty and vertebroplasty, respectively, and the mean postop-
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Table 2. Outcomes of vertebro| lasty and kyphoplasty

potential risk for neural compromise

5 Vertebroplasty Kyphoplasty and pulmonary embolism by uncon-
Preoperative VAS 7.2+0.87 7.741.01 trolled leakage. Therefore, balloon ky-
Postoperative VAS 21150 204128 phoplasty and vertebroplasty using a
PMMA leakage into neural canal 0 3(10.7%) large cannula low-pressure injection of
Retroperitoneal hematoma 0 1 (Kidney injury, 3.5%) PMMA in a high viscosity state (so
Adjacent level Fracture 4(8.7%) 0 called osteoplasty) has been intro-
Fused with adjacent Level 1(22%) 5 (17.9%) duced®'%, Later, the unilateral single

Bilateral approach due to unilateral filling 3 (6.5%, L5: 3)

3(10.7%, L1:3) balloon technique (via the unipedictilar,

VAS : visual analogue scale

Table 3. Reported restoration of height and reduction of kyphotic angle in the lumbar vertebra

or extrapedicular route) has been devel-
oped. This technique reduces trauma to
the patient, procedure time, costs and

Compression _, . Preo Angle radiation sure of a patient and an

“ Level Rep%rretsisn)? Heigh t;ﬁe)covery Kypho%c reduftlion Algg‘/"{;‘)‘:h operatorz';’?zo‘m). In partIi)aﬂar, the nee-

, LRI method angle () ©) dle traverses a short distance of the

Lieberman (2001)? TTL Method3  35(46.8), Hm - - B bony structure in the extrapedicular ap-

Theodorou (2002 T/L  Method4  13,Ha 255 9.9 B proach, therefore, this approach causes

Guitanis (2005)  T/L  Method4  14,Ha 15.8 7.9 B less pain as compared to transpedicular

Park (2005)"” T Method3  53,Ha n 36 B approach and can avoid the sclerotic

Ryu (2007)" TL  Method3  317:21,Ha 16.1 72 u area of the vertebra. In the literature,

Lee (2007)" L Method4 13,Ha 69 B there exists a detailed anatomical un-

Present study L(K) Method4 1L1z15.1,Ha 11.68 6 U derstanding at the thoracic level, but
L{K) Method4 128+12.2,Hm U not the lumbar level.

L(V) Method4 501%9.9,Ha 8.6 44 It is well known that the anatomical

L(V) Method4 8.6£13.7, Hm dimensions of the lumbar vertebra are

*Reference : Fergus McKieman, et al. Reporting Height Restoration in Vertebral Compression Fractures. Spine
28(22) 2517-2521, Ha : anterior vertebra! body height, Hm : middle vertebral body height, B : bilateral, U : uni-

lateral

erative segmental kyphosis was 5.9° (16.35°) and 5.34° (+6.34°) in
kyphoplasty and vertebroplasty, respectively. The mean restora-
tion rate of anterior body height was 11.1%, {£15.1% : from
23.46% to 11.27%) after the kyphoplasty and 5.0% (+9.9% : from
34.99% to 19.69%) after vertebroplasty (Table 3). There were sig-
nificant restoration of height and reduction of kyphotic angle
(p=0.000).

Postoperative complications

Epidural cement leakage was noted in 3 cases (4.1%) by post-
operative plain radiography, but there were no neurological def-
icits. One case (1.4%) of retroperitoneal hemorrhage occurred
after kyphoplasty due to kidney injury. The unilateral approach
was failed in 6 cases (8.1% : 3 at L1 and 3 at L5) due to unilater-
al filling. Adjacent fractures developed in 4 case (5.4%) during
the follow-up period (44 months).

DISCUSSION

Vertebroplasty and kyphoplasty are not only relatively simple
procedures, but also less traumatic procedures for VCF as
compared to extensive stabilization surgery. Several techniques
have been developed for simpler and safer procedures during the
last 2 decades?”#112Y,

The high-pressure injection of low viscosity of PMMA has

27

different from those of the thoracic
vertebra due to the greater width of the
lumbar vertebra'®'®?%, In the unilateral
approach, the location of cement is important mechanically al-
though unilateral filling can control clinical pain. Even the ped-
icle of the lumbar vertebra is converged and the width of pedi-
cle is greater than that of the thoracic vertebra, it is inevitable to
travel extrapedicular space for a needle to reach an optimal lo-
cation for kyphoplasty {for vertbroplasty, it could be performed
via the unilateral transpedicular route, but, in some cases, it
could not) and the anatomy of extrapedicular space in the lum-
bar vertebra is different from that of the thoracic area where
only the costovertebral joint is present. As described above, far
lateral approach can cause the injure of the retroperitoneal or-
gan in a thin patient. A route penetrating inferior to the TP may
pass through the arterial trifucation or injure the arterial
branch, moreover, a large cannula for kyphoplasty can cause
fracture of the TP in osteoporotic patient™'>*?¥, Direct access
to the body could also cause injury to an anastomotic arterial
branch and the conventional posterolateral approach can tran-
sect the posteromedial branch of lumbar artery in the lower
lumbar area where the large anastomotic artery network is lo-
cated (Fig. 3A)"%. The bone entry point should be located in the
supero-lateral wall of the pedicle to sufficient intravertebral
length for the safe ballooning and safe anchoring of a working
channel (Fig. 1). Retroperitoneal hemorrhage occurred during
direct body access because shallow anchoring of a working
channel can collapse the weakened lateral wall of an osteopo-
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rotic body, subsequently injuring the retroperitoneal organ. The
unilateral extrapedicular approach has some limitations in L5
(unilateral filling occurred in 3 of the 4 cases in L5) due to the
iliac crest and greater width of the vertebral body.

Our clinical outcome (pain relief) is similar to those of previ-
ous studies”. Statistically, there was no discrepancy between the
kyphoplasty and vertebroplasty groups. The 2 groups showed
similar clinical features.

All patients routinely underwent the lateral radiography, and
the data of the height restoration and kyphotic angle reduction
were collected. Although our data failed to confirm the differ-
ences in the significant height restoration rate between the ante-
rior and middle fractured vertebral bodies there was a tendency
of height restoration to become greater in the middle area of
the vertebral body than in the anterior area (p=0.051) and this
tendency was similar to that of a previous study'. The compar-
isons of several studies are shown in Table 2. The height restora-
tion of our study can not be compared directly to that of other
studies because there is no standard method for height restora-
tion; however, it seerns likely that height restoration in the lum-
bar area is lesser than that of the thoracic area. Lee et al'® used
a very similar method and their result of the bilateral procedure
is similar to that of our unilateral approach.

CONCLUSION

In this study, unilateral extrapedicular lumbar kyphoplasty/
vertebroplasty showed similar clinical outcomes as thoracic cas-
es, therefore it could be a clinically effective treatment of osteo-
porotic lumbar vertebra compression fractures as unilateral ex-
trapedicular technique for thoracic compression fracture.
However, there were considerable anatomical differences be-
tween the lumbar and the thoracic vertebra (such as size of the
muscle, no protective structure as the costovertebral joint and
the rib, the nerve root and vessels, shape of the vertebral body
and the iliac crest), and thus these differences should be consid-
ered during lumbar operation. We failed to confirm discrepancy
of statistical difference in height restoration and the reduction of
kyphotic angle between the lumbar and thoracic vertebra. Fur-
ther study with a larger sample and a longer term follow-up are
needed to confirm our results.
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