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Percutaneous Vertebroplasty with Side-Opening
Cannula or Front-Opening Cannula in the

Treatment of Kummell Disease?
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Objective: To explore the effect of bone cement distribution, cement leakage, and clinical outcomes with side-opening
cannula for bone cement injection in percutaneous vertebroplasty (PVP) in treatment of Kummell disease.

Methods: A prospective study of patients with Kummell disease undergoing PVP was conducted from April 2012 to
September 2017. In total, 43 patients (11 males, 32 females) with Kummell disease who received bilateral PVP were
included in the study. The patients were divided into front-opening cannulas (FOC) group with front-opening cannulas
and side-opening cannulas (SOC) group with side-opening cannulas. All patients were followed up for 6 months. The
patient general information such as gender, age, bone density, compression ratio, operative time, and location of frac-
ture vertebrae were recorded. Visual analogue scale (VAS), Oswestry Disability Index (ODI), bone cement distribution,
radiation exposure time, bone cement leakage rate and vertebral height, and kyphosis angle were measured and com-
pared for two groups before surgery, 1 day and 6 months after surgery.

Results: A total of 43 patients were enrolled, including 11 males and 32 females, aged 61–84 years. The bone den-
sity (T value) was 2.5 ± 0.6 in FOC group and 2.4 ± 0.6 in SOC group (P > 0.05). The compression ratio and operative
time were 36.1% ± 13.0%, 39.3 ± 7.9 min in FOC group and 35.2% ± 13.7%, 40.0 ± 10.7 min in SOC group
(P > 0.05). There was no significance between FOC and SOC groups in the location of fracture vertebrae. All patients
underwent at least 6 months of follow-up. At 6 months postoperatively, the VAS and ODI were significantly higher in
the FOC group (3.0 ± 0.8, 35.7% ± 2.1%) than in the SOC group (1.3 ± 0.4, 18.6% ± 2.4%) (P < 0.05). The cement
leakage rate of the SOC group was 4.8%, which was lower than that of the FOC group (31.8%, P < 0.05), and the bone
cement distribution ratio was higher than that of the FOC group (63.1% ± 7.9% vs 40.5% ± 8.6%, P < 0.05). At
6 months after operation, the height of the anterior and posterior vertebral bodies of the patients in the SOC group
restored better than the FOC group (anterior SOC: FOC 5.1 ± 0.5 mm vs 4.5 ± 0.5 mm; posterior SOC: FOC
0.6 ± 0.1 mm vs 0.3 ± 0.1 mm, P < 0.05), and the kyphosis correction was more obvious than patients in FOC group
(SOC: FOC 8.5� ± 1.4� vs 4.6� ± 0.8�, P < 0.05).

Conclusion: Percutaneous vertebroplasty with side-opening cannula is safe and effective in avoiding bone cement
leakage, improving bone cement distribution, and restoring vertebral height.
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Introduction

The incidence of osteoporosis in the elderly increases with
age1. The prevalence of osteoporosis in women was 15%

in France, 16% in the USA, 9% in the United Kingdom, and
38% in Japan, while the prevalence was 8% in France, 1% in
the United Kingdom, and 4% in Japan in men2. According
to reports, the incidence of osteoporosis in China’s popula-
tion over 50 years of age accounts for about 34.65%, and the
incidence of related fractures is about 1/3, which is more
common in postmenopausal women3. Osteoporotic vertebral
compression fracture (OVCF) occurs frequently in elderly
patients with osteoporosis4. The low back pain with or with-
out leg pain was the primary complaint of OVCF patients.
OVCF can lead to fracture dislocation of the spine causing
spinal instability and spinal cord damage5. OVCF affects
patients’ quality of life. Kummell disease refers to vertebral
body collapse with a history of minor trauma and is caused
by osteonecrosis of the vertebral body which is a special type
of osteoporotic vertebral compression fracture and usually
occurs in elderly patients with osteoporosis6. Since the first
description by Dr. Hermann Kümmell in 1891, the main
clinical manifestations of Kummell disease are persistent low
back pain and kyphosis.

The conservative interventions for Kummell disease
may lead to a higher rate of major complications such as
increased osteoporosis, pneumonia, hemorrhoids, venous
thrombosis, infection, and even lower limb paralysis7. Percu-
taneous vertebroplasty (PVP) is a minimally invasive surgical
procedure and conventional treatment for patients with
OVCFs8. PVP can partially or completely alleviate the back
pain and improve activities of patients by the injection of
polymethyl methacrylate (PMMA) bone cement into the
fractured vertebra body via percutaneously cannula. This has
been proven to be an effective minimally invasive surgical
procedure for OVCF. However, the major concern arising
from PVP is the leakage of bone cement. Bone cement leak-
age can also cause serious complications. If it leaks into the
spinal canal, it can cause compression of the spinal cord and
nerve roots, leading to severe pain or paraplegia of the lower
extremities9. Leakage into the blood vessels can lead to pul-
monary embolism. The incidence of PVP associated bone
cement leakage ranges from 7%–82% as reported in the liter-
ature10. Although high-viscosity bone cement can be used to
reduce leakage, its operation time is too long and the injec-
tion pressure is too large, which is not conducive to surgical
operation11. Thus, how to avoid the bone cement leakage is a
major problem for surgeons in the procedure of PVP.

Because the opening side is located at the front end of
the cannula in the traditional PVP operation procedure, the
bone cement injected in the vertebral body is mostly limited
to the anterior side. Therefore the center and the two sides
of the vertebral body are less dispersed with bone cement,
and the biomechanical function may not be restored. Uneven
distribution of bone cement in the fractured vertebra body
could cause the incomplete integration of bone cement can-
cellous bone12.

This untight combination of bone cement cancellous
bone probably causes bone cement loosening, spinal instabil-
ity, and persistent postoperative back pain. The insufficient
cement distribution in the fractured area resulted in
unrelieved pain after PVP in treatment of osteoporotic verte-
bral compression fractures13. Therefore, the uneven distribu-
tion of bone cement in the vertebral body is one of the
important factors affecting the prognosis of PVP surgery.
How to solve the uniform distribution of bone cement in the
vertebral body is also a current clinical problem. In order to
avoid the bone cement leakage and uneven distribution in
the procedures of PVP, we used a modified side-opening
cannula (SOC) for cement injection in PVP. The successful
application of SOC will provide a new bone cement injection
method for PVP surgery, which may improve the success
rate and prognosis of PVP surgery.

We hypothesized that PVP surgery using SOC would
allow better bone cement distribution, avoid bone cement
leakage, and improve the kyphosis and outcome compared
to front-opening cannulas (FOC) in patients with Kummell
disease. Therefore, the purpose of this study was: (i) to assess
the patients’ gender, age, bone density, compression ratio,
and location of fracture vertebrae, to ensure that patients
were randomly assigned to the FOC and SOC groups, and
the general information is comparable; (ii) to follow up and
analyze the clinical outcomes of visual analogue scale (VAS),
operation time, radiation exposure times, bone cement vol-
ume, Oswestry Disability Index (ODI), and cement leakage
ratio between the FOC and SOC groups after PVP surgery;
and (iii) to analyze radiographic outcomes of bone cement
distribution, anterior vertebral height, posterior vertebral
height, and improvement of Cobb angle between the FOC
and SOC groups.

Materials and Methods

Patients Selection, Inclusion and Exclusion Criteria
This was a RCT study conducted between April 2012 and
September 2017 at our hospital. This study was approved by
the Medical Ethics Committee of Zibo Central Hospital, and
complied with the World Medical Association Declaration of
Helsinki on Ethical Principles for Medical Research Involv-
ing Humans.

Patients inclusion criteria were as follows: (i) the diag-
noses of the patients were stage I or II Kummell disease with
no nerve compression symptoms and single vertebral body
lesion. Patients with focal back pain with or without the his-
tory of minor trauma, unresponsive to at least 6 weeks of
conservative therapy. X-ray examination showed significant
wedge deformation of the vertebral body. The computed
tomography (CT) scan showed the intravertebral vacuum
cleft (IVC) phenomenon, intact posterior wall of the verte-
bral body and without pedicle fracture. Low signal on T1
and high signal on T2-weighted MRI image were found; (ii)
patients receive unilateral or bilateral PVP surgery; (iii) the
parameters of bone density, compression ratio, location of
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fracture vertebrae in two groups before surgery were com-
pared; (iv) VAS, operation time, radiation exposure times,
bone cement volume, ODI, cement leakage ratio, bone
cement distribution, vertebral height, and Cobb angle were
measured; and (v) a RCT study.

Study exclusion criteria included: (i) pathologic frac-
tures; (ii) primary and secondary bone tumors; (iii) bone
tuberculosis; and (iv) patients with severe respiratory and
circulatory diseases.

Study Design
Between April 2012 and September 2017, 43 patients who
were diagnosed with Kummell disease were recruited in this
study. All the patients provided written informed consent
before being included in the study. Forty-three patients were
randomly split into two groups based on the cannula used,
with 22 cases in FOC group and 21 cases in SOC group.
Twenty-two patients received PVP using FOC in the FOC
group while 21 patients in the SOC group received PVP sur-
gery using SOC from April 2012 to September 2017. Demo-
graphic data and operative data were collected and shown in
Table 1.

Bone Cement Injection Devices
In order to solve the problem of the distribution of bone
cement in the vertebral body after injection, we have adopted
a modified side-opening cannula (SOC) PVP injection
device. As shown in Fig. 1, we can see an elliptical opening
on the side of the distal end of the cannula. In the in vitro
test, it can be seen that the bone cement flows out from the
side and forms an angle of about 90� with the cannula.
Through this side-opening cannula, the surgeon rotates the
cannula with the handle so that the bone cement can be
evenly distributed in the cancellous bone and cavity in all
directions. The traditional bone cement injection cannula
has a front opening that bone cement flows out from the cir-
cular opening at the top end of the cannula, and the outflow
direction of the bone cement forms an angle of 180� with
the cannula. The FOC and SOC cannulas and their accesso-
rial devices are commonly used in PVP.

Surgical Procedures

Anesthesia and Surgical Position
The patients were placed in a prone position. All procedures
were performed on using a C-arm angiographic unit. After
conventional skin disinfection, 1% lidocaine was injected
from the puncture site to the periosteum for local anesthesia.

Approach and Exposure
Puncture point location and angle for pedicle were deter-
mined from the CT scan image. The puncher needle was
inserted into the pedicle at 10 o’clock in the right and 2
o’clock in the left. The needle was gradually inserted into the
vertebral body from the cortex and pedicle at an angle of
10�–15�. Ensure that the puncture needle was completely
located in the bony channel under X-ray. The needle top was
located 5 mm behind the front edge of the vertebra. Then,
the puncture needle was removed and a working cannula
was constructed.

Bone Cement Injection
After the bone cement was mixed and solidified to the draw-
ing state, the FOC and SOC cannula were used for cement
injection. The procedure was monitored under fluoroscopy
in digital subtraction angiography (DSA). When using the
SOC cannula, the opening side is toward the opposite side of
the vertebral body. The direction of bone cement dispersion

TABLE 1 Patient general information of the two groups

Groups Gender (F/M) Age (years) Bone density (T-score) Compression ratio (%)
Location of fracture vertebrae (cases)

Thoracic Thoracolumbar Lumbar

FOC group (n = 22) 16/6 72.5 ± 8.7 2.5 ± 0.6 36.1 ± 13.0 5 12 5
SOC group (n = 21) 16/5 72.9 ± 11.1 2.4 ± 0.6 35.2 ± 13.7 4 13 4
t/χ2 0.068 0.133 0.616 0.206 0.239
P value 0.795 0.895 0.542 0.837 0.887

A

B

Fig. 1 The injection cannulas in this study. (A) side-opening cannula (B)

front-opening cannula
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was closely observed during surgery. When the bone cement
reaches the edge of the vertebral body, the sleeve was rotated
in time to adjust the direction of the opening. When the
FOC cannula was used for injection of bone cement, the can-
nula was gradually pulled out according to the dispersion
degree of the bone cement. After the bone cement was
completely solidified, the working channel was removed.
Both groups of patients used the same viscosity and brand of
bone cement.

Data Collection and Outcome Evaluation
The raw observation data for the two groups were recorded
on the day before surgery and 1 day and 6 months after sur-
gery, and were compared as follows.

Operative Time
The time of surgery was recorded from the beginning of
puncture until surgical closure, which could reflect the effect
of two types of cannula on the operation time.

Visual Analogue Scale (VAS) Scores
The VAS is the most commonly used questionnaire for
quantification of pain. It is a continuous scale comprised of a
horizontal or vertical line, usually 10 cm in length. For pain
intensity, the scale is most commonly anchored by “no pain”
(score of 0) and “pain as bad as it could be” (score of 10). A
score of 0 is considered as no pain, 1–3 is mild pain, 4–6 is
moderate pain, and 7–10 is severe pain.

Vertebral Cobb Angle Improvement
The Cobb angle is a measure of the curvature of the spine in
degrees. Which measured from the superior endplate of a
superior vertebra to the inferior endplate of an inferior verte-
bra at a particular region of the vertebral column. The verte-
bral Cobb angle improvement was calculated by preoperative
Cobb angle - postoperative Cobb angle. The better the Cobb
angle improvement, the better the kyphosis correction.

Oswestry Disability Index (ODI)
Oswestry Disability Index (ODI) is a principal condition-
specific outcome measure used in the management of spinal
disorders, and to assess patient progress in routine clinical

practice. The ODI score system includes 10 sections: pain
intensity, personal care, lifting, walking, sitting, standing,
sleeping, sex life, social life, and traveling. For each section of
six statements the total score is 5. Intervening statements are
scored according to rank. If more than one box is marked in
each section, take the highest score. If all 10 sections are
completed the score is calculated as follows: total scored out
of total possible score × 100. If one section is missed (or not
applicable) the score is calculated: (total score/[5 × number
of questions answered]) × 100%. A score of 0%–20% is con-
sidered mild dysfunction, 21%–40% is moderate dysfunction,
41%–60% is severe dysfunction, and 61%–80% is considered
as disability. For cases with score of 81%–100%, the patient
is either long-term bedridden or exaggerating the impact of
pain on their life.

Bone Cement Leakage
Bone cement leakage refers to the situation where bone
cement flows from the vertebral body to the outside of the
vertebral body. Bone cement leakage can also lead to serious
complications after PVP. This is also an index to evaluate
the effect of PVP surgery. Postoperative X-ray film was used
for cement leakage evaluation according to the criteria pro-
posed by Yeom et al.14. Cement leakage B type: bone cement
leaks along the vertebral basilar to the posterior edge of the
vertebral body. Cement leakage C type: bone cement leaks
along the endplate cortical defect to the intervertebral space
and the outside of the vertebral body. Cement leakage S type:
bone cement leaks along the intervertebral vein to the
periphery of the vertebral body.

Restoration Rate of Vertebral Height
Vertebral height restoration correlates with improvements in
pain, disability, and quality of life in patients with Kummell
disease. The restoration rate of vertebral height = (postopera-
tive vertebral height - preoperative vertebral height) /
(predicted primary vertebral height - preoperative vertebral
height) × 100% (Fig. 2).

Cement Distribution
The cement distribution of the two groups was referred to as
the mean ratio of bone cement areas to the whole vertebra

Fig. 2 Measurement of cement

distribution. According to the

anteroposterior and lateral radiographs of

the affected spine, the edges of the

vertebral bodies are outlined with a red

line, and the edges of the bone cement are

outlined with a blue line. The entire plane

is divided into squares, and the distribution

of the bone cement is calculated according

to the number of squares occupied by the

blue and red lines.
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area both in the lateral and anteroposterior views under X-
ray (Fig. 3). The X-ray pictures were divided by a number of
the same sized squares. The area of each square was
0.25 mm2. Different brightness areas were selected by the
software automatically. The red line meant vertebral border
and the blue line meant cement border. If the selected area
was more than half the whole square, the area was calculated

as 1. Otherwise, it was 0. Then the ratio of cement area to
vertebral cross-sectional area was estimated.

Statistical Analysis
All data were collected by an independent observer and pres-
ented as mean ± standard deviation. The data were analyzed
by SPSS v19.0 (SPSS™ Inc., Chicago, Illinois). Baseline

A B C D

E F G H

I

L M

J K

Fig. 3 PVP surgical procedure with side-opening cannula. (A–D) The angle and position of the right side of the vertebral body are determined based

on the CT scan results. (E–H) The angle and position of the left side of the vertebral body are determined based on the CT scan results. (I) An

anteroposterior X-ray film after implantation of the cannulas on both sides. (J–K) The bone cements were gradually injected into both sides, and the

cannulas were rotated to adjust the direction of the bone cement outlet to ensure uniform distribution in the vertebral body. The anteroposterior and

lateral X-ray film after bone cement injection. (L-M) CT scan results showed that the bone cement was evenly distributed without leakage.
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demographic and operative data between the SOC and FOC
groups were assessed by the Student t-test and chi-square
test. Preoperative and postoperative VAS, ODI, vertebral
Cobb angle, and cement leakage were compared by the t-test.
The statistical significance was defined as P < 0.05.

Result

General Patient Information
The baseline characteristics of both groups were similar
(Table 1). In this study, there were 43 patients with Kummell
disease who underwent PVP treatment and were followed up
for at least 6 months. There are 11 males and 32 females. It
can be seen from the gender distribution that the incidence
of women’s Kummell disease is higher than that of men. The
FOC and SOC groups were randomly included in 22 patients
and 21 patients, respectively. The mean ages of the FOC and
SOC groups were 72.5 ± 8.7 years and 72.9 ± 11.1 years
(P = 0.895). There were no significant differences in the
compression ratio, gender, bone density, and location of
fractured vertebrae between the two groups (P = 0.837 for
compression ratio, P = 0.795 for gender, P = 0.542 for bone
density, P = 0.794 for location of fractured vertebrae). The
thoracolumbar segment is the major lesion location in the
two groups.

Clinical Outcomes

VAS
Both groups of patients successfully completed the PVP sur-
gery. There were no serious complications. The preoperative
pain was more obvious and the average VAS score reached
7.6 in both groups of patients. After PVP, the VAS scores of
the two groups were significantly decreased at 1 day after
surgery, average VAS scores were 2.0 and 1.9, respectively
(P = 0.456). However, at the 6-month follow-up, the VAS
score of the FOC group increased, while the VAS score of
the SOC group decreased to 1.3 (P = 0.001).

Operation and Radiation Exposure Times
There were no significant differences in the operation time
and radiation exposure time between the two groups
(P = 0.605 for operation time and P = 0.511 for radiation
exposure time).

ODI
The ODI score can be used to assess the degree of spinal
dysfunction in patients. There was no significant difference
in ODI scores between the two groups before surgery (FOC:
SOC 78.3 ± 8.2 vs 78.4 ± 8.5, P = 0.925), but the ODI scores
of the SOC group were significantly lower than those of the
FOC group at 1 day and 6 months after surgery (FOC:SOC
36.5 ± 5.0 vs 29.9 ± 4.5, P = 0.001 for 1 day; 35.7 ± 2.1 vs
18.6 ± 2.4, P = 0.000 for 6 months).

Cement Volume and Leakage Ratio
In addition, the amount of injected bone cement in the SOC
group was (4.8 ± 0.7) mL, which was higher than that of the
FOC group (4.2 ± 0.9 mL) (P = 0.016). And the cement leak-
age rate was 4.8% in SOC group, which was lower than
31.8% of the FOC group (P = 0.023) (Table 2).

Radiographic Outcomes

Cement Distribution
According to the X-ray test at 1 day post-operation, we used
the grid division method to analyze the bone cement distri-
bution of the two groups. Based on the results of the X-ray,
we calculated that the bone cement distribution ratio of
patients in the SOC group was 63.1%, which was signifi-
cantly higher than the 40.5% in the FOC group (P = 0.000).

Vertebral Height and Restoration
There was no significant difference between the two groups
in the anterior and posterior height of the vertebral body
before the operation according to the lateral X-ray film
(P = 0.719 for anterior and P = 0.934 for posterior). After
6 months of follow-up, the anterior vertebral height of the
SOC group restored (5.1 ± 0.5) mm, and was significantly
higher than that of FOC group (4.5 ± 0.5 mm) (P = 0.001).
There was statistical difference in the recovery of posterior
vertebral height between the two groups (FOC:SOC,
0.3 ± 0.1 vs 0.6 ± 0.1, P = 0.000).

Cobb Angle Improvement
The Cobb angle restoration of the vertebral body in the SOC
group was also significantly higher than that in the FOC
group (FOC:SOC, 4.6º ± 0.8º vs 8.5º ± 1.4º, P = 0.000)
(Table 3). The above results showed that side-opening can-
nula injection can effectively promote bone cement distribu-
tion and correction of kyphosis.

Complications
There were seven cases in the FOC group and one case in
the SOC group with cement leakage. These patients have less
degree of bone cement leakage and the site of leakage was
intervertebral disc. There were no clinical manifestations in
these patients. One patient in the FOC group had adjacent
vertebral fracture in L2 level, the low back pain disappeared
after bed rest and oral non-steroidal anti-inflammatory
drugs.

Discussion

Epidemiology and Characteristics of Kummell Disease
Intractable low back pain is the main clinical manifestation
of Kummell disease, and there may be neurological symp-
toms in severe cases15. The incidence rates of Kummell dis-
ease in elderly OVCF cases are 7%–37%7. The Kummell
disease occurs mostly in the thoracolumbar vertebral body,
which may be related to the following factors. The first factor
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is stress changes in the fracture vertebral body. The verte-
bral body kyphosis angle increases progressively after oste-
oporotic compression fracture. The kyphosis deforms
makes the center of gravity of the spine move forward and
changes the biomechanical environment of the vertebral
body16. This abnormal stress distribution further aggra-
vates the compression. In addition, the thoracolumbar
region is the transitional zone of the physiological curva-
ture of the spine. The abnormal dynamic load and the
micro-motion-induced fracture healing of the fracture are
delayed, and even eventually occur fracture nonunion,
pseudo articular formation, and vertebral body collapse.
The second factor is the fracture vertebral ischemic necro-
sis. Osteoporotic vertebral fractures occur mostly in the
anterior column of the vertebral body, destroying the nor-
mal nutritional blood supply of the vertebral body,
resulting in avascular necrosis of the trabeculae, leading to
the absorption of the trabecular bone in the central region
of the necrosis, forming an “intravertebral vacuum cleft”17.
This causes further fracture of the vertebral body after
minor trauma, forming a malignant circulation of ische-
mic-fracture18. Among the patients included in this study,
the main region of Kummell disease was also in the
thoracolumbar region of the spine.

Clinical Research Progress of PVP in Treatment of
OVCF and Clinical Outcomes of PVP using SOC in
Kummell Disease
The conservative treatment of Kummell disease is the same
as OVCF, including bed rest, drug symptomatic treatment,
and wearing a brace19. However conservative treatment is
usually not effective in relieving symptoms. PVP and PKP
are highly effective in relieving pain and improve the prog-
nosis of OVCF20, 21. They have advantages including verte-
bral body formation, minimally invasive, rapid pain relief,
quick recovery, and have been widely used in the treatment
of OVCF. PKP can form a space in fractured vertebra by
balloon dilatation, and the injected bone cement is easy to
form a mass. The bone cement is poorly distributed in the
surrounding cancellous bone, and the bone cement ball in
the center of the dilated space is easy to cause loosening
and vertebral body fracture again. PVP also has a high rate
of cement leakage rate in the treatment of OVCF or
Kummell disease. Bone cement leakage is one of the main
factors affecting postoperative complications of PVP.

Han et al. pointed out that patients with intra-
vertebral vacuum cleft can experience 75% of cement leak-
age after PVP22. It was reported that bone cement leakage
rate was 66.7% in PVP by analyzing patients with intra-
vertebral vacuum cleft23. Compared with general osteopo-
rotic fractures, Kummell disease has a high risk of bone
cement leakage, long-term bone cement loosening, and low
back pain. Peh et al. reported that PVP treatment of
Kummell disease results in a bone cement leakage rate up
to 79%, and the cement leakage is related to vertebral body
rupture24.
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Significance of Intravertebral Vacuum Cleft Sign in
Kummell Disease
Many intravertebral vacuum clefts are directly connected to
the adjacent intervertebral disc or at the anterior edge of the
vertebral body, resulting in incomplete anterior cortical bone
of the vertebral body. Bone cement leakage is mostly in the
front of the intervertebral disc and vertebral body of
Kummell disease. Cement leakage in the intervertebral disc
is usually asymptomatic, but may increase the risk of second-
ary fractures in adjacent segmental vertebral bodies. Pulmo-
nary embolism is the severe complication of bone cement
leakage. Kim et al. pointed out that the incidence of pulmo-
nary embolism in patients with intravertebral vacuum cleft
sign was significantly lower than that in patients without
intravertebral vacuum cleft25. The intravertebral vacuum cleft
sign was considered as a protective factor for cement embo-
lism events.

In the present study, we used two types of cannulas in
PVP procedures, and the VAS scores of the patients in two
groups were significantly improved after surgery. Also, there
was no difference in VAS scores 1 day after surgery between
groups. At 6 months after surgery, the VAS score of the
patients in FOC group was higher than that of the SOC
group, which may be related to the poor distribution of bone
cement, the loosening of the bone cement mass in the frac-
ture cleft, and the re-fracture caused by vertebral instability.
According to the ODI score of our study, we could also find
that the SOC group had better spine function than the FOC
group, which was consistent with the VAS score.

Avoid Cement Leakage
How to reduce the high leakage rate of bone cement in PVP
is still a hot issue in clinical work. Cement leakage in PVP
treatment of Kummell disease is affected by the vertebral
vacuum crevice, bone cement injection time, injection vol-
ume, and operation technology26. Bone cement injection site
is one of the issues in PVP. Intravertebral vacuum cleft is the
main source of pain in patients with Kummell disease, and it
is also a risk factor for increasing bone cement leakage. The
most important role of bone cement in vertebroplasty is to
integrate the fractured vertebra body. The prognosis of PVP
is closely related to the distribution of bone cement in the

vertebral body27. Therefore, carefully assessed the size of the
vertebral body, fracture line, and fracture degree, and plan-
ning puncture angle and depth by CT image, were important
for PVP.

Radiographic Outcomes
The application of the controlled opening side cannula in
bone cement injection will achieve satisfied bone cement dis-
tribution. In this study, we used the one side puncture to
reach the normal bone through the cavity area, and another
side puncture to the cavity area, so that the bone cement that
filled in the cavity area can be anchored with the bone
cement in the normal cancellous bone. This combination of
bone cement can avoid bone cement loosening and improve
vertebral stability. Our results also showed that the distribu-
tion of bone cement in the SOC group was as high as 63.1%,
which was significantly higher than 40.5% in the FOC group.
At the same time, the degree of restoration of vertebral
height and the degree of kyphosis correction in the SOC
group were also better than the FOC group. Based on the
particularity of the intravertebral vacuum cleft, the bone
cement injection time in this study was set to the later stage
of the bone cement drawing period. The bone cement in this
period can not only be fully dispersed in the vertebral body,
but is also not easy to leak into the paravertebral and blood
vessels.

This method of injection made our bone cement leak-
age rate lower in this study. The amount of bone cement
injection is not proportional to the degree of postoperative
pain relief, and the amount of bone cement injection is an
independent factor to increase the leakage complications.
Excessive injection can increase the risk of re-fracture in
adjacent segments. The optimal amount of bone cement
should fill the intravertebral vacuum cleft and disperse to the
anterior 2/3 of the vertebral body9. In this study, we used a
side-opening cannula to avoid the crack of the fractured ver-
tebra body, and the rotary-side-opening cannula could adjust
direction of bone cement dispersion and reduce the leakage
of bone cement. By adjusting the depth of the puncture can-
nula, we applied a phased injection method. That is, the
targeted puncture cannula reached the fracture area, rotates
the lateral opening direction, pushed a small amount of the

TABLE 3 The comparison of radiographic outcomes between two groups (mean � SD)

Groups
Bone cement
distribution (%)

Preoperative anterior
vertebralheight (mm)

Preoperative posterior
vertebralheight (mm)

Anterior
vertebralheight
restoration (mm)

Posteriorvertebralheight
restoration (mm)

Improvement
of Cobb
angle (�)

FOC group
(n = 22)

40.5 � 8.6 13.0 � 1.4 20.9 � 1.5 4.5 � 0.5 0.3 � 0.1 4.6 � 0.8

SOC
group
(n = 21)

63.1 � 7.9 12.9 � 1.1 20.8 � 1.5 5.1 � 0.5 0.6 � 0.1 8.5 � 1.4

t value 8.992 0.363 0.083 3.589 11.883 11.604
P value 0.000 0.719 0.934 0.001 0.000 0.000
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drawing period bone cement, and filled the fracture gap. At
intervals of 2 to 3 min, the bone cement was re-perfused
along the rear of the first injection site, and the bone cement
putter was retracted 1 to 2 mm, and then injected until the
bone cement was well dispersed.

Limitations
We find several limitations in this study. The number of
patients in this study was relatively small. Longer follow-up
is needed to evaluate the height loss of vertebral body in the
long-term and the correction effect of kyphosis after PVP
using SOC.

Conclusion
Both FOC and SOC can effectively improve short-term
low back pain in patients with Kummell disease in PVP.

The SOC is also safe, effective, and easy to operate in PVP
procedures. Compared with FOC, SOC can more effectively
improve the distribution of bone cement in the vertebral
body, restore the height of the vertebral body, and improve
kyphosis without adding additional medical expenses. Mean-
while, SOC also has obvious advantages in avoiding bone
cement leakage. In conclusion, SOC is a good choice for
treating Kummell disease in PVP.

Ethics Approval

All procedures performed in studies involving human
participants were in accordance with the ethical stan-

dards of the institutional research committee and with the
1964 Declaration of Helsinki and its later amendments or
comparable ethical standards.
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