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Background: In recent years, many extrapedicular puncture methods have been applied to
percutaneous kyphoplasty (PKP) in the treatment of osteoporotic vertebral compression fractures
(OVCFs). However, these techniques were generally complex and had the risk of some puncture-
related complications, which greatly limited the wide applications in PKP. Finding a safer and more
feasible extrapedicular puncture method was rather important.

Objectives: To evaluate the treatment effect of modified unilateral extrapedicular PKP in patients
with lumbar OVCFs clinically and radiologically.

Study Design: Retrospective study.
Setting: Department of Orthopedic Surgery, an affiliated hospital of a medical university.

Methods: Patients who were treated by modified unilateral extrapedicular PKP in our institution,
from January 2020 to March 2021, were retrospectively enrolled. The degree of pain relief and
functional recovery were evaluated by the Visual Analog Scale (VAS) and the Oswestry Disability
Index (ODI), respectively. Radiologic results were assessed including anterior vertebral height (AVH)
and kyphotic angle. In addition, volumetric analysis was performed to evaluate bone cement
distribution. And the intraoperative data and complications were also recorded.

Results: A total of 48 patients with lumbar OVCFs were successfully treated by modified unilateral
extrapedicular PKP. All patients experienced a significant decrease in VAS and ODI scores after
surgery (P < 0.01) and maintained the statistical significance until the last follow-up (P < 0.01), as
well as significant AVH restoration (P < 0.01) and kyphotic angle correction (P < 0.01) compared
with preoperative corresponding values. Volumetric analysis showed that all cases of bone cement
diffused across the midline of the vertebral body (VB), in which 43 patients (89.6%) presented
optimal contralateral distribution with good or excellent bone cement spread. In addition, 8
patients (16.7%) experienced asymptomatic cement leakage, and no other severe complications,
such as injuries to segmental lumbar arteries and nerve roots, were found.

Limitations: A noncontrol study with a small patient population and short follow-up duration.

Conclusions: Modified unilateral extrapedicular PKP, in which the puncture trajectory was
advanced through the bottom of Kambin’s triangle to or across the midline of VB for proper
bilateral cement distribution, greatly alleviated back pain and restored the morphology of fractured
vertebrae. It seemed to be a safe and effective alternative applied to treat lumbar OVCFs with
appropriate patient selection.

Key words: Lumbar, osteoporotic vertebral compression fractures, extrapedicular, percutaneous
kyphoplasty
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ith the advent of population aging,
osteoporotic  vertebral compression
fractures (OVCFs) have become serious
public health issues, resulting in severe back pain,
immobility, and spinal deformity (1). As a minimally
invasive surgical treatment, percutaneous kyphoplasty
(PKP) was widely used to treat OVCFs and reported to
provide excellentimprovement of clinical symptoms and
restoration of the morphology of the fractured vertebra
(2). Although the bilateral transpedicular approach was
the typical puncture method in PKP, unipedicular PKP
has been gaining popularity in recent years. Compared
with the bilateral puncture, the unipedicular PKP could
reduce the operation time, fluoroscopy radiation, and
the presence of complications, such as cement leakage
(3). However, it may be difficult to achieve proper
bilateral distribution of bone cement in unipedicular
PKP due to the limitation of pedicle width, in which
bone cement was mainly restricted to the puncture side
(4). And what is more, the vertebral pedicle puncture
may also increase the risks of pedicle fracture and facet
joint violation, which might cause spinal cord and nerve
root injury and residue back pain after PKP (5). Another
more effective and safer puncture technique might be
required, as a result, the extrapedicular technique was
proposed in unilateral PKP to avoid the aforementioned
disadvantages (6). Initially, it was used in the mid- and
high thoracic OVCFs by Boszcyk et al (8), in 2005, and
was later applied to the lumbar vertebrae (7,8). The
skin puncture point in this approach totally depended
on the anatomical landmarks of the costovertebral
joint and transverse process under fluoroscopy,
which may be not clearly demonstrated in advanced
osteoporotic patients during surgery. In recent years,
some extrapedicular puncture methods have been
applied to PKP; however, these techniques were
generally complex and required a long learning curve,
which limited the wide applications of extrapedicular
PKP in the treatment of lumbar OVCFs (9-11).

In this article, our institution summarized and pro-
posed a modified unilateral extrapedicular approach
applied to treat lumbar OVCFs according to previous
studies. In this newly designed puncture method, the
trajectory was advanced from predetermined points
of skin toward the superolateral part of the junction
between the pedicle and vertebral body (VB) through
the bottom of Kambin’s triangle. We will demonstrate
the procedures of this modified unilateral extrapedicu-
lar approach and show its therapeutic effect, radiologic
results, and safety.

MEeTHODS

Patient Population

This retrospective study was approved by the Insti-
tutional Review Board of Beijing Tiantan Hospital (KYSQ
2018-252-01). All patients involved in the study were
given full explanations of the procedures and purpose,
and informed consent was obtained. Totally 48 patients
were enrolled with single-level lumbar OVCFs treated
by the modified unilateral extrapedicular approach
between January 2020 and March 2021.The inclusion
criteria were as follows: (1) a painful single-level lum-
bar OVCF caused by lower energy force, with no more
than 50% loss of vertebral height; (2) patients who did
not respond to conventional treatment, including bed
rest, bracing, and medical therapy (Visual Analog Scale
[VAS] score > 5); (3) bone mineral density examined by
dual-energy x-ray examination (T-score < -2.5); and (4)
the fractured vertebrae were confirmed by magnetic
resonance imaging (MRI), with the hypointense signal
on T1-weighted images and hyperintense signal on T2-
weighted images. The exclusion criteria were as follows:
(1) vertebral fracture secondary to the vertebral tumor
or infection; (2) burst fracture with the displacement
of the fractured bony fragment into the spinal canal,
or even complaint of neurological deficits; (3) multiple
vertebral fractures with 2 or more levels; and (4) un-
corrected coagulopathy or other severe comorbidities,
which were contraindicated to surgical therapy.

Surgical Techniques

The procedures of PKP were all performed by the
same well-experienced spine surgeon of our institu-
tion. Before surgery, we took the individual measure-
ment of anatomical parameters based on preoperative
MRI or computed tomography (CT) scans, including
puncture distance and puncture angle. On axial MRI
(Fig. 1), Point O was the center point of VB and Point A
was the bone entry point, which was located in the su-
perolateral junction between VB and the pedicle. Line
OA was the puncture trajectory of modified unilateral
extrapedicular PKP and the skin puncture point (Point
B) was the intersection between Line OA and the sur-
face of the skin. Then the puncture distance (x cm) and
puncture angle in the coronal plane were recorded.

During surgery, all patients were placed in a prone
position on a radiolucent table with local anesthesia.
The C-arm was used for viewing anteroposterior (AP)
and lateral projections of the spine to locate the center
point of VB (Point O) and the bone entry point (Point A).
A line connecting 2 points was drawn on the skin (Line
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OA), and the skin puncture point (Point B) was marked
along the line at the distance of x cm measured before
surgery (Figs. 2a-2c). After making a 5-mm skin incision,
a puncture needle was aimed at Point A, the bone entry
point. When arriving at the cortex of the vertebrae, the
end of the needle should be located at the superolateral
part of VB, not beyond the medial margin of the ipsi-
lateral pedicle on AP view, and the posterosuperior cor-
ner of VB on lateral view (Fig. 2d). Meantime, patients
should be also asked to report any adverse events, such
as radicular pain, hypesthesia, or numbness in the lower
limbs. A minor adjustment of angle and direction might
be required to make the needle tip point to the anterior-
inferior corner of VB on lateral view. Then, the working
cannula was established after the removal of the guide
wire. A bone drill was inserted through the working can-
nula to create the place for the balloon catheter, and fi-
nally reached or exceeded the midline of VB on AP view
and anterior one-third of VB on lateral view (Figs. 2e-
2g). The remaining kyphoplasty procedures were almost
identical to those in the standard balloon kyphoplasty
(12). Then the polymethylmethacrylate (PMMA) bone
cement was injected slowly into VB at low pressure (Figs.
2h-2j). Under fluoroscopic monitoring, the injection
was continued until the cement reached the posterior
one-fourth of VB or the cement leakage was observed.

Fig. 1. The puncture trajectory and skin puncture point of
modified unilateral extrapedicular PKP were determined
from preoperative axial MRI or CT. Point O was the center
point of VB, and Point A was the center point of VB,
located in the superolateral junction between the pedicle
and VB. The intersection of Line OA and the surface of
skin was Point B. Line BO was the puncture trajectory
and Point B was skin puncture point. Then, the distance
of Point B to midline (x cm) and the angle between Line
BO and midline were measured.

PKP, percutaneous kyphoplasty; MRI, magnetic resonance im-
aging; CT, computed tomography; VB, vertebral body.

Skin Puncture Poinl

Eniry Point ol VB

L

Cannula & Balloon

i

Crment 'llj!.tlhl

Fig. 2. The instruction of procedures of modified unilateral extrapedicular PKP in detail. (a-c) The establishment of
skin puncture point during surgery. Point O was the projection of center point of VB, and Point A was the projection of
entry point of VB. The skin puncture point, Point B, was determined along Line OA at the distance of x cm measured
preoperatively. (d) The entry point of VB was located at the superolateral part of the pedicle on AP view, and the slightly
supertor part of the junction between the pedicle and VB on lateral view under fluoroscopy. (e-g) The tip of the working
cannula was advanced to anterior part of VB across the midline. Then the balloon was inserted and expanded to restore
AVH. (h, i) The bone cement was slowly injected into VB until cement reached posterior one-fourth of VB or cement
leakage was observed under fluoroscopic monitoring. Ensuring that no cement following the bone filler when pulling it out.
(j) AP and lateral radiographs showed the proper bilateral cement distribution during surgery.

PKP, percutaneous kyphoplasty; VB, vertebral body; AVH, anterior vertebral height; AP, anteroposterior.
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The working cannula was not removed until the bone
cement hardened.

After surgery, all patients were encouraged to mo-
bilize after a 2-hour flat in bed and were discharged 1
day later. Regular antiosteoporosis therapy was recom-
mended to improve the quality of bone and prevent
the presence of refracture.

Outcome Measurements

Clinical and radiologic assessments were performed
preoperatively, one day postoperatively, and one year
postoperatively. As for clinical results, the severity of
back pain was evaluated by using the VAS score, and
the Oswestry Disability Index (ODI) was used to evalu-

ate the functional outcome. For radiologic results,
preoperative and postoperative x-rays were observed
to analyze the degree of anterior vertebral height
restoration (AVH) and kyphotic deformity improve-
ment. The AVH was defined as the distance between
the anterior points of superior and inferior endplates
of VB. The calculation of the AVH restoration rate was
as follows: (postoperative AVH-preoperative AVH)/(ex-
pected AVH-preoperative AVH), and the expected AVH
was the average AVH of superior and inferior vertebrae
(13). The measurement of the kyphotic angle was taken
from the superior endplate of the fractured vertebra to
the inferior endplate of the fractured vertebra.

The postoperative CT scan was taken to evalu-
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nance imaging.

Fig. 3. The patient was successfully treated by modified unilateral extrapedicular PKP. (a) Lateral radiograph was used
to measure AVH and kyphotic angle. AVH indicated anterior vertebral height; o. indicated kyphotic angle. The AVH
restoration rate = (postoperative AVH-preoperative AVH )/ (expected AVH-preoperative AVH); the expected AVH

was the average of AVH of superior and inferior vertebrae. (b) The L1 VB showed wedge-shape and lost AVH from
preoperative CT. (c-e) Fractured vertebra of L1 was confirmed by preoperative MRI for signal change. (f-j) Postoperative
radiograph and CT were performed to evaluate cement distribution and cement leakage.

PKP, percutaneous kyphoplasty; AVH, anterior vertebral height; VB, vertebral body; CT, computed tomography; MRI, magnetic reso-
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ate bone cement distribution (Fig. 3). The volumetric
analysis of cement distribution involved the volume
fraction of bone cement and contralateral cement dif-
fusion grade, which was performed by using 3D Slicer
software (www.slicer.org), an open-source 3D visualiza-
tion software (14). The models were reconstructed in
the range of threshold (226-3071) for the fractured VB
and threshold (1000-3071) for bone cement (15,16). The
volume fraction was defined as follows: (cement distri-
bution volume/fractured VB volume) * 100% (17). Then
the model of cement was separated into 2 parts along
the midline of VB, including the puncture side and the
contralateral side (Fig. 4a). The contralateral cement dif-
fusion grade was calculated as follows: contralateral ce-
ment diffusion ratio = (cement volume of contralateral
side/cement volume of puncture side) * 100%. Grade
1 (< 50%) indicated fair PMMA spread, grade 2 (50%
to 75%) indicated good PMMA spread, and grade 3 (>
75%) indicated excellent PMMA spread (Figs. 4b and 4c).
Additionally, cement leakage was also confirmed
by axial CT scans and then recorded the location of
leakage, including paraspinal leakage, intervertebral
leakage, and intraspinal leakage. And other proce-
dure-related complications were recorded, such as
pulmonary embolism, injury to lumbar arteries (LAs)
and nerve roots during surgery, and retroperitoneal
hematoma, adjacent vertebral fracture after surgery.

Statistical Analysis
Statistical analyses were performed by SPSS
Version 23.0 software (IBM Corporation, Armonk,

NY). The quantitative data were presented as the
mean + standard deviation and the categorical data
were presented as numbers and percentage values.
The paired t test was performed when comparing
the differences between preoperative and postop-
erative outcomes. The P < 0.01 indicated statistical
significance.

REsuLts

Patient Characteristics

A total of 48 consecutive patients (42 women and
6 men; age range 55-85 years, the mean of 70.9 years)
were enrolled in this study, with a mean follow-up du-
ration of 14.3 months (range 12-24 months). The mean
body mass index (BMI) was 25.1 + 3.0 kg/m? and the
mean T-score was -3.1 = 0.6. The fractured vertebrae
were from L1to L4 (L1in 29, L2in 11, L3 in 6, and L4 in
2) and the mean symptom duration was 6.3 days (range
1-30 days) (Table 1).

All patients were successfully treated by modi-
fied unilateral extrapedicular PKP, and no case of
operation failure related to difficulties in the surgi-
cal technique was found. During surgery, the average
puncture angle in the coronal plane was 42.2 + 6.1°
and the average volume of injected bone cement was
4.3 + 0.7 mL (volume fraction of 17.4 + 4.5%). The
mean frequency of fluoroscopy was 21.7 = 3.1 and
the mean operation time was 38.5 + 7.1 min. Table
1 summarized detailed general data of patients en-
rolled in this study.
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Fig. 4. The volumetric analysis showing the distribution of bone cement. (a) Diagram showing the bone cement divided
into 2 parts along the midline of VB, in which the yellow was the puncture side and the green was the contralateral
stde. (b) Column graph showing the distribution of contralateral cement diffusion grade of treated vertebrae. (c) The
contralateral cement diffusion ratio in L1-L4 of lumbar spine, presented as the mean * standard deviation.
VB, vertebral body.
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Clinical and Radiologic Results

The clinical assessments and radiologic measure-
ments were shown in Table 2. The mean preoperative
VAS score was 7.9 £ 0.9 and improved significantly to
2.9 + 0.7 after surgery (P < 0.01) and maintained 2.0 +
0.8 until the last follow-up (P < 0.01). The mean ODI
scores showed a statistically significant decrease from
preoperative 73.3 + 8.1 to 33.7 + 5.4 after surgery (P <
0.01) and to 22.8 + 4.0 at last follow-up (P < 0.01).

The mean preoperative AVH and kyphotic angle,
which were 21.5 + 2.9 mm and 13.0 + 3.9°, were sig-
nificantly restored to 24.5 + 2.1 mm (P<0.01) and 6.5 +

Table 1. The general data of patients.

Patients (n) 48

Age 70.9 (55 to 85)
Gender (women n [%]) 42 (87.5)
BMI (kg/m?) 25.1+£3.0
BMD (T-score) -3.1+0.6
Symptom Duration (d) 6.3 (1 to 30)
Follow-up Duration (mo) 14.3 (12 to 24)
Injected Cement Volume (mL) 43+0.7
Volume Fraction of Cement (%) 17.4 £ 4.5
Puncture Angle (°) 422 +6.1
Operation Time (min) 385+ 7.1
Fluoroscopy Times 21.7 +3.1
Cement Leakage (n [%])

Total Leakage 8(16.7)
Intraspinal Leakage 1(2.1)
Paraspinal Leakage 4(8.3)
Intervertebral Leakage 3(6.3)

Abbreviations: BMI, body mass index; BMD, bone mineral density.

Table 2. The clinical and radiologic results of patients.

Preoperative Postoperative | Postoperative
P 1 day 1 year

VAS Score 79+09 2.9+0.7* 2.0+ 0.8%
ODI Score 73.3+8.1 33.7 £ 5.4* 22.8 £ 4.0
AVH (mm) 21529 245+2.1* 24.0 £2.2F
AVH
Restoration / 60.6 £9.5 51.5+10.1
(%)
Gl 13.0 3.9 6.5+ 2.6* 8.0 + 2.8+
Angle (°)

Abbreviations: VAS, Visual Analog Scale; ODI, Oswestry Disability
Index; AVH, anterior vertebral height.

* Postoperative 1 day vs preoperative, P < 0.01.
tPostoperative 1 year vs preoperative, P < 0.01.

2.6° (P < 0.01) after surgery, respectively, with the AVH
restoration rate of 60.6 + 9.5%. Until the last follow-up,
the mean AVH and kyphotic angle were maintained at
24.0 £ 2.2 mm and 8.0 + 2.8°, showing the statistical
significance from preoperative corresponding values (P
<0.01), and the AVH restoration rate was 51.5 + 10.1%.

Volumetric Analysis

The graph of bone cement distribution was shown
in Figs. 4b-4c. All treated vertebrae of bone cement
were dispersed to the contralateral side and located in
the anterior-middle part of VB. And the situation of
contralateral cement diffusion grade was as follows:
grade 1 in 5 cases (10.4%) showing fair PMMA spread,
grade 2 in 10 cases (20.8%), and grade 3 in 33 cases
(68.8%) showing good or excellent PMMA spread, with
the mean contralateral cement diffusion ratio of 81.7 +
23.7% in total population.

Complications

Among 48 treated vertebrae, bone cement leak-
age was found in 8 patients (16.7%), in which cement
leakage occurred into the epidural space in one case
(2.1%), the adjacent disc in 3 cases (6.3%), and the para-
spinal muscles in 4 cases (8.3%), without obvious clinical
symptoms (Table 1). No other severe adverse events
were found, such as segmental LAs injury, spinal canal
or nerve roots injury, and retroperitoneal hematoma.
The adjacent vertebral refracture occurred in one case
within one year follow-up, accepting another PKP.

Discussion

Since the first proposal of PKP by Garfin et al
(18) in 1998, it has been widely used in the treatment
of OVCFs for the last 20 years, and various puncture
techniques were developed and applied to PKP in
clinical practice. The early puncture methods were bi-
lateral and unilateral transpedicular approaches (20).
Although the unipedicular reduced the operation time
and radiation exposure compared with bipedicular PKP,
it cannot easily achieve proper bilateral distribution of
bone cement due to the constraint of pedicles. Addi-
tionally, a vertebral pedicle puncture may be the risk
of damage to the posterior structure of the vertebrae,
including the cortex of the pedicles and facet joints.
Therefore, the extrapedicular approach was proposed
in unilateral PKP for better cement distribution and
lower puncture-related complications (21). However,
no standardization for the procedures of extrapedicu-
lar PKP in the application of lumbar OVCF was made,
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including the establishment of the skin puncture points
and entry points of VB (Table 3). Ryu et al (22) intro-
duced the far-lateral extrapedicular approach, in which
the needle was advanced from 1 c¢m lateral to the
lateral one-third of the transverse process on AP view
and along the direction of the pedicle on lateral view,
penetrating the cortex of the transverse process and

Table 3. The summarization of technical points of various extrapedicular approach in the lumbar vertebrae.

access to VB. Mishra et al (23) reported another extra-
pedicular approach that the skin puncture points were
located on the line bisecting the affected VB horizon-
tally on AP view, and then the needle entered VB via
the lateral wall. These techniques were quite complex
and surgeons who were not well-skilled would require
repeated adjustment of puncture needle and intraop-

Punct Entry Point of
Author Time Approach Skin Puncture Point uncture nry romt o
Angle Vertebrae
A line was drawn from the contralateral inferior .
he insil . Junction between the
Bt vb corner to the ipsilateral superior vb corner SRR
Beall et al (7) 2007 abproach and extended out of vb for a distance equal to the | 45° edicle and the posterior
PP width of the mid portion of vb, which was the peci P
. ; portion of VB
skin puncture point
Far-lateral The lateral wall of the
Ryu et al (22) 2007 extrapedicular 1 cm lateral to the lateral or}e—thlrd of the left 45° to 50° Junc.tlon between the
approach transverse process on AP view pedicle and VB, through
PP the transverse process
Line B was drawn along the contralateral border
of VB; line C was drawn along the outmost
border of the 1p511§teral pedicle; line A W'fls The lateral wall of the
Far-lateral drawn parallel to line B, and apart from line ‘unction between the
Ryu et al (6) 2009 extrapedicular | Cby 2.5 times of distance between line B and 45° to 50° ) .
. . . . pedicle and VB, through
approach line C; then the intersection of line A and the
. . the transverse process
line connecting contralateral lower corner and
ipsilateral upper corner of VB was the skin
puncture point
Unilateral Superolateral junction
Cho et al (12) 2011 extrapedicular 1-3 cm lateral to the tip of the left transverse Measured between the pedicle and
a rc?ach process on AP view before surgery | VB, over the transverse
PP process
Lumbar Connecting the center points of bilateral pedicle The lateral wall of the
Ringer etal (21) | 2013 extrapedicular and drawing its midline; 8 cm, 9 cm, 10 cm, Approximately | junction between the
8 a r(fach 11 cm lateral to the midline in L1, L2, L3, L4, 60° pedicle and VB, through
PP respectively the transverse process
., s . The superolateral area of
Kambin’s 5-7 cm lateral to the midline on the horizontal Measured VB on AP view and the
Wang et al (10) 2019 triangle line of the inferior endplate of the upper VB on O
approach AP view before surgery | posterosuperior side of
PP VB on the lateral view
Shaela el A line was drawn perpendicular to the midline of
Mishra et al (23) | 2020 extrapedicular VB an.d e the.affected level. on AP view, 45° The lateral wall of VB
aporoach the skin puncture point was established along the
PP line at the preoperatively measured distance
A line was drawn connecting the upper edge of
Modified the ipsilateral pedicle and the lower edge of the Measured O:;E:sﬁi;i%:xiﬁ:
Wang et al (9) 2020 extrapedicular | contralateral pedicle, the skin puncture point was P .
. . . before surgery | upper edge of the pedicle
approach established along the line at the preoperatively . .
. in lateral view
measured distance
Modified The superolateral junction
transverse Measured/planned before surgery (without clear | Measured betveenithe pedicicand
Zhuo et al (11) 2021 . &b . urgery the vertebral transitional
process-pedicle | explanation of location during the surgery) before surgery .
aporoach location, through the
PP transverse process

Abbreviations: VB, vertebral body; AP, anteroposterior.
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erative fluoroscopy, which might increase the patient’s
pain and radiation exposure. In addition, subsequent
clinical studies (24-26) reported the complications of
the injury to segmental LAs and nerve roots. Conse-
quently, a safer and more feasible puncture method
was needed to be applied in unilateral extrapedicular
PKP to treat lumbar OVCFs.

According to previous studies (4,11,12,20) of
extrapedicular PKP, the puncture method used in our
institution was the modified unilateral extrapedicular
approach, that the working channel passed through
the bottom of Kambin’s triangle to the center point of
the fractured VB. The entry point of VB was the supero-
lateral junction between the pedicle and VB, which was
free of LAs and nerve roots. Furthermore, the proce-
dures of this approach were quite simplified and con-
trollable. The projections of the superolateral corner of
the pedicle on AP view and the posterosuperior corner
of VB on lateral view under fluoroscopy were remark-
able, which facilitated the location of the bone entry
point and the puncture process. Once reaching the
cortex of VB safely, due to paraspinal soft tissues, the
puncture angle and direction of the instrument could
be easily adjusted toward the anterior-inferior corner
of VB. It was simple for spine surgeons to perform
this PKP with clear bone landmarks and standardized
puncture processes, avoiding repeated adjustment and
intraoperative fluoroscopy.

One of the main advantages of extrapedicular
PKP was that it could provide proper bilateral distri-
bution of bone cement by the unilateral puncture. In
unipedicular PKP, bone cement was mostly located in
the puncture side inside the augmented VB due to the
limited puncture angle, which might result in recom-
pression and progressing kyphosis (25). Lien et al (26)
reported that the pedicle angles in the coronal plane
were 8.3° to 14.1° in the L1-L3 vertebrae. However, our
results indicated that the puncture angle in modified
unilateral extrapedicular PKP was 42.2°. The trajectory
could easily reach or exceed the midline of VB at a
larger extraversion angle during surgery. What is more,
it was free of the constraints of the pedicle, which
made it possible to adjust the direction and depth of
the cannula flexibly to the optimal position for cement
injection and dispersion under intraoperative fluoros-
copy. Therefore, this approach could obtain a better
contralateral disperse of bone cement compared with
other puncture techniques.

Some clinical and biomechanical studies (27,28)
have pointed that cement distribution had correla-

tions with curative effects of OVCFs by PKP. Liebschner
et al (29) reported that only a small amount of bone
cement with symmetric distribution was needed to
recover vertebral stiffness to its intact value. He et
al (30) proposed that proper distribution facilitated
the clinical and radiologic improvements. Patients in
our study experienced great pain relief and function
recovery, with significant pre- to postoperative AVH
restoration and kyphotic angle correction. The pattern
of bone cement distribution might account for it. In our
volumetric analysis, all vertebrae of cement diffused
across the midline and presented optimal bilateral
distribution, and the cement was mainly located at the
anterior-middle part of VB, filling the fractured areas.
Appropriate cement distribution inside the augmented
VB, the biomechanical properties recovery, and stability
reconstruction of the fractured VB greatly ensured the
therapy effects.

As to cement leakage, the incidences in different
puncture methods varied a lot, and for transpedicular
PKP, the incidences have been reported to range from
9.3% to 30.6% (31). In our results, a total of 8 cases
(16.7%) experienced asymptomatic cement leakage,
showing a low and comparable incidence (Table 1). Pre-
vious studies (30,34) have reported that a large amount
of cement was the risk factor for cement leakage. The
average volume of cement in the modified unilateral
extrapedicular PKP was only 4.3 mL. The small amount
of cement with central distribution inside VB further
reduced cement leakage. In addition, the extrapedicu-
lar puncture maintained the integrity of the pedicle
and avoided the iatrogenic damage to the inner wall,
decreasing the incidence of intraspinal leakage. How-
ever, we noticed that several early patients in our spinal
institution presented paraspinal leakage into soft tis-
sues near the foraminal area via the bone entry point
of VB. Such leakage, although unlikely to cause serious
neurological symptoms, was undesirable. We tried to
clear the instrument of any residual PMMA before re-
moval from VB to avoid leakage into the surrounding
soft tissues.

Another severe complication of extrapedicular PKP
was the damage to segmental LAs and nerve roots,
which has been reported (33). Heo et al (34) reported
a case of segmental LA injury following extrapedicular
PKP. They punctured the cortex of the lateral wall of
VB, where existed the path of the segmental LA, and
the forming retroperitoneal hematoma irritated the
nearby nerve root, causing severe radiated leg pain
and numbness. Then, some researchers began to draw
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attention to the anatomical relationships among the
LAs, pedicle, and VB (35,36). Xu et al (37) suggested
that the safe puncture point should be located at the
posterosuperior corner of the L1-L3 vertebrae for no
vessels passing. In the current study, the entry point of
VB in modified unilateral extrapedicular PKP was just
located at the safe puncture zone, the superolateral
junction of the pedicle and VB, without LAs passing by.
In addition, it passed through the bottom of Kambin'’s
triangle and kept away from exiting nerve roots. The
aforementioned features reduced the risk of LAsand
nerve injuries, ensuring the safety of procedures.
However, it had some limitations in L4 or L5 levels be-
cause the corresponding segmental LA and its lateral
branches were mostly passed near the entry point of VB
(Fig. 5), resulting in damage to vessels.

Meantime, in our experience, we found that some
other patients with lumbar OVCFs may not be defi-
nitely suitable for modified unilateral extrapedicular
approach applied to PKP. 1) Unlike an instrument ad-

vanced through the pedicle in transpedicular PKP, very
little bony purchase was obtained at the bone entry
point (Point A) in modified unilateral extrapedicular
PKP, providing the poor "anchor effect.” Care was
taken to avoid dislodging the puncture needle or can-
nula from VB, especially in patients with a higher BMI
and thick paraspinal soft tissues. 2) Before reaching the
cortex of VB, the puncture needle would pass through
a long distance of soft tissues in this puncture tech-
nique. For those patients who were taking anticoagu-
lant therapy or suffering from coagulopathy disorders,
it may increase the risk of paraspinal muscle injury and
hematoma, causing postoperative residual dorsal pain.
3) The bone entry point (Point A) was located near the
intervertebral foramen region. For those with the col-
lapse of intervertebral space or spinal scoliosis resulting
in severe lumbar foraminal stenosis, puncture through
the Kambin'’s triangle may cause injury to exiting nerve
roots of the superior vertebra. 4) Patients with severe
compression fracture (i.e., vertebral height loss of more

f-"'

LAs, lumbar arteries.

Fig. 5. The models of L1-L5 vertebrae and corresponding segmental LAs and branches based on a patient in our spinal
institution (left), and puncture simulation of L1 vertebra in different views (right). The black dots were the entry points
of vertebrae. The entry points of L1-L3 vertebrae were far away from the corresponding LAs and branches, whereas that
of L4-L5 vertebrae were near vessels, presented by red circle, which may increase the risk of artery injury.
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than 50%) should be cautiously treated because the en-
try point of VB of this technique was higher than that in
transpedicular PKP. It may be difficult to penetrate the
anterior part of VB to restore AVH and correct kyphosis.

Limitations

The limitations of our study were the small sample
size, short follow durations, and its retrospective de-
sign. The long-term prognosis and complications of
modified unilateral extrapedicular remained extrape-
dicular PKP remained uncertain. In addition, the lack
of a control group failed to clearly show if the modi-
fied unilateral extrapedicular PKP had superiority over
traditional puncture methods in clinical and radiologic
results. In the future, we will focus on the long-term

follow-up comparison study of different puncture
techniques in a larger patient population to verify the
treatment effects of modified unilateral extrapedicular
PKP in lumbar OVCFs.

CONCLUSIONS

The modified unilateral extrapedicular PKP, in
which the puncture trajectory was advanced through
the bottom of Kambin triangle to or across the midline
of VB for proper bilateral cement distribution, greatly
alleviated back pain and restored the morphology of
fractured vertebrae. It seemed to be a safe and effec-
tive alternative applied to treat lumbar OVCFs with
appropriate patient selection.
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