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Abstract: This study aims to investigate clinical effects of protruding after percutaneous vertebral plasty (PKP holds)
for treatment of chronic painful osteoporotic vertebral compression fractures (CPOVCFs), and assess its safety and
effectiveness. One hundred and eighteen CPOVCFs patients were included, and analyzed and followed up therapeu-
tic effects of PKP holds. All of these patients were divided into NIVC (73 cases) and IVC (45 cases) group. Comparing
operation time, bone cement perfusion, pain intensity modulus visual grading scoring, Oswestry disability index,
fracture fanterior relative height, local convex Angle, and surgical complications between the two groups. There were
no significant differences between two groups for operation time of PKP holds (P>0.05). Amount of bone cement in-
jection in IVC groups was significantly higher compared to NIVC group (P<0.05). Pain intensity visual modulus ratings
and Oswestry disability index were significantly improved in both groups after surgery and postoperative follow-up
period compared to pre-operation (P<0.05). Fracture fanterior margin relative height and local convex angle were
also significantly improved (P<0.05). Fracture fanterior margin relative height was also significantly improved for IVC
compared to NIVC group (P<0.05). There were no differences for bone cement leakage rate and adjacent segment
fracture between two groups (P>0.05). But there was a case of bone cement loose, which needs to be treated for
further step. In conclusion, PKP holds is a kind of effective and safe method for the IVC and NIVC patients. Especially
for the IVC patients, PKP holds can significantly improve the fracture fanterior margin relative height.

Keywords: Protruding after percutaneous vertebral plasty, osteoporosis, vertebral fracture, vertebral body frac-
ture, treatment effect

Introduction (chronic  painful OVCEs, CPOVCFs) [1-3].
According to the imaging examination, CPOVCFs

The incidence of Osteoporotic vertebral com- can be divided into a vertebral body fracture

pression fractures (osteoporotic vertebral com-
pression will fractures, OVCFs) increased year
by year. Although this disease with a benign
development process, about 30% of patients
with bad outcomes with the conservative treat-
ment. Always the patients suffer from many
symptoms, including worse healing fractures,
chronic low back pain, which affect the quality
of life seriously. Due to the fracture end pseud-
arthrosis formation, vertebral body collapse,
increase of the protruding after spinal deformi-
ty, which may damage the spinal cord [1, 2].

Many studies showed that the protruding after
percutaneous vertebral plasty (percutaneous
kyphoplasty, PKP holds) is a very important
method for the treatment of chronic painful
osteoporotic vertebral compression fractures

(intravertebral cleft, IVC) and no vertebral body
fracture (none intravertebral cleft, NIVC) [8-10].
For the treatment of IVC or NIVC the operation
details and clinical effect may be inconsistent
for PKP holds. However, there are seldom stud-
ies targeting the effects of PKP holds on the
treatment of different types of CPOVCFs.

We employed the PKP holds to treat the IVC and
NIVC CPOVDFs patients, specified the thera-
peutic details, and assess the clinical effects
and safe for this method.

Materials and methods
Subjects

This study included 118 single segmental CPO-
VCFs patients from October, 2008 to October
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Figure 1. Imaging pictures of a 95 years old male OVCFs patient with IVC who had taken PKP treatment at L1. X-
ray shows good vertebral height reduction and PMMA filling after PKP. A. Anteroposterior position preoperative. B.
Lateral scan when body bends. C. Lateral scan when body extends. D. MRI view of TAWI. E. MRI view of T2WI. F. MRI
view of STIR. G. Anteroposterior position postoperative. H. Lateral scan postoperative.

2013. The patients were divided into two
groups according to the imaging examination,
including NIVC group (73 cases) and IVC (45
cases).

This study was approved by the ethics commit-
tee of Shandong Provincial Qianfoshan
Hospital. All of the patients have been gave
their consents, and approved this study.

Clinical diagnosis

Patients complained with chronic low back
pain, and change posture can aggravate the
pain, the pain was relief when lying position.
Physical examination illustrated the Local
kyphosis of spine, tenderness and taps pain in
vertebral spine, and no radiation pain.

Imaging diagnosis
According to the imaging findings, the patients
were divided into NIVC group and IVC group.

The X-ray and CT results indicated that of the
spine after partial protrusion deformity, verte-
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bral osteoporosis, vertebral body fracture
wedge, flat shape or double concave change;
MRI in vertebral body fracture TAWI low signal,
high T2WI signal, STIR high signal. IVC groups: X
ray film and CT examination, besides NIVC
group performance, vertebral body cracks; MRI
in vertebral body fracture fluid accumulation) or
vacuum) [11, 12] (Figure 1).

Include and exclude standards

Inclusion criteria: (1) Determination of dual-
energy X-ray absorptiometry (dexa) in patients
with lumbar 1~14 vertebral bone mineral densi-
ty, the T value is less than 2.5 SD. (2) After bed
rest, support, painkillers such as conservative
treatment in February, the pain still exist and
serious. (3) MRI performance for high T2WI and
STIR signals, or see liquid accumulation drafts,
vacuum). (4) Taps pain location and imaging
findings consistent.

Exclusion criteria: (1) Caused by spinal tumors,
infections such as vertebral pathological frac-
ture. (2) Combined nerve injury patient. (3)
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Table 1. Clinical characteristics of patients

hours postoperatively, waist circumfer-

ence of bed recovery activities.

IVC group . ) ' -
Postoperative give fight osteoporosis

(n=45)

Characteristic parameters Nz\éig;gt;p

Age (year)

Gender ratio (F:M) 44:29

Spinal level of OVFC-no (%)
T7-T10 4 (5)
T11 9 (12)
T12 19 (26)
L1 22 (30)
L2 13 (18)
L3-L5 6 (9)

Duration from OVFC to PKP (week)
Bone density (-)

Operation time (min)

Amount of bone cement injected (ml)*
Length of Stay (day)

Duration of follow-up (month)

4.0+0.9
46+13

69.1+6.8 70.6+6.5

15.2+6.4 16.7+£8.5
3.44 +0.37 3.53+0.44
35.7+6.9 344+59

189+9.4 194 +10.2

treatment, 2~7 days after discharge.

26:19 Clinical effect assessment
3(7) Record the operation time, bone
4(9) cement perfusion in every PKP holds
16 (36) operation. Assessment the visual ana-
logue scale (VAS), Oswestry dysfunc-
11(24) tional index (ODI) of the patients at pre-
6(13) operative and postoperative follow-up
5(11) time to determine the clinical curative

effect and recovery.

Imaging evaluation

55+1.2
51+24

X ray film was employed to monitor the
fracture fanterior margin relative
height, local convex Angle and the sta-

Note: *P<0.05 for the comparison between the two groups.

Memory, treatment and follow-up of comp-
liance.

PKP holds surgery and treatment process

Patients prone position, abdominal dangling
and maintain stretch thoracic lumbar segment,
2.0% lidocaine local infiltration anesthesia,
c-shaped arm fluoroscopy monitoring work with
casing under the needle through the pedicle of
puncture, usually on the left side of the 9-10
o'clock, 2-3 o’clock position on the right side
into the needle, needle point reached after
pedicle, vertebral body around the inner edge,
pull out the needle, establish working channel.
NIVC group: after using solid enlarge pulp, fan-
terior 1/3 fracture in a balloon, a balloon expan-
sion will collapse of vertebral body up reset; IVC
groups: negative pressure suction first verte-
bral fracture contents [13], with a balloon
expansion reset. The basic restore vertebral
body height or balloon expansion contact edge
vertebral body bone cortex, stop expansion,
remove the balloon. Under the perspective to
pass through the work in wire drawing stage
bone cement casing injection fracture vertebral
body, such as side piercing filled with bone
cement did not diffuse to the vertebral body
center ling, line of lateral pedicle puncture filled
in. Intraoperative closely monitoring vital signs
and unwell feeling, pay attention to the feeling
of lower limbs, activity. Stay in bed for eight
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tus of leakage of bone cement at post-
operation and the follow-up periods.

Fanterior edge relative height = wounded verte-
bral height/average height of the up and down
wounded vertebral height x 100%.

Statistical analysis

All data were presented as mean * S.D, and
analyzed using Student’s t-test and one-way
ANOVA analysis to determine the levels of sig-
nificance. A P value less than 0.05 or 0.01 was
considered statistically significant. Statistical
analysis was done with SPSS/Win19.0 soft-
ware (SPSS Inc., Chicago, IL).

Results
General results

In all of the 118 CPOVCFs patients, 73 exam-
ples distribute in the NIVC group, and 45 sam-
ples distribute in IVC group. The fractures dis-
tribute in the range of T7 to L5 (and mainly dis-
tribute in T11-L2 thoracic lumbar segment).
There were no significant differences for the
patients’ age, gender, involving segment, pain,
bone mineral density, length of hospital stay,
and follow-up time between the two groups
(Table 1).

PKP holds the treatment process

All of the patients in two groups underwent a
safe operation, and no blood vessel damage,
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Figure 2. VAS for back pain before PKP and during
the period of follow-up between the two groups.

nerve damage, and pulmonary embolism were
occurred in the operation.

For the operating time of PKP holds, 35.7 £ 6.9
min for the NIVC group, 34.4 + 5.9 min for the
IVC group. There were significant differences
for the operation time between the two groups
(P>0.05).

For the bone cement perfusion measure, 4.0 +
0.9 ml in NIVC group, and 5.5 + 1.2 ml in IVC
group. There were significant differences for
the bone cement perfusion measure between
the two groups (P<0.05) (Table 1).

Clinical effect assessment

VAS (Figure 2): After the operation, the back
pain was significantly reduced at post-opera-
tion compared to the pre-operation (P<0.05).
Also, the VAS scores were significantly improved
at the post-operation compared to the pre-
operation (P<0.5). However, there were not sig-
nificant differences between the two groups
both at post-operation and pre-operation
(P>0.05).

ODI score (Figure 3): Both of the active func-
tions and the ODI scores were improved at the
post-operation compared to the post-operation
(P<0.05). However, there were not significant
differences between the two groups both at
post-operation and pre-operation (P>0.05).

Imaging results

There were no significant differences for the
fanterior edge after relative height and local
convex Angle at the pre-operation (P>0.05).
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Figure 3. ODI before PKP and during the period of
follow-up between the two groups.

Fanterior edge relative height (Table 2): The
fanterior edge relative height was significantly
increased at post-operation compared to the
pre-operation (P<0.05). Meanwhile, the thera-
peutic effects of IVC group were better com-
pared to the NIVC group (P<0.05).

Local convex Angle (Table 3): The local convex
angles were significantly decreased at post-
operation compared to the pre-operation
(P<0.05).

Complications

There were 7 case (9.6%) with bone cement
leakage in NIVC group, and 5 cases (11.1%) in
IVC group (no significant difference, P>0.05). All
the bone cement leakage patients without the
complications of nerve damage, pulmonary
embolism, and etc.

During follow-up period, there were 12 cases
(16 adjacent segment vertebral compression
fractures) in NIVC group, and 8 cases (11 adja-
cent segment vertebral compression fractures)
in IVC group.

Discussion

Our research shows that PKP holds CPOVCFs
patients treated effectively, restore vertebral
body height, quickly relieve pain, and improve
the quality of life. CPOVCFs MRI manifestation
of patients with vertebral body, T2WI and STIR
high signal or fluid accumulation), vacuum sign,
suggest fracture is failed to heal and vertebral
instability [8]. This is the important reason for
the lower back in older people with chronic
pain, conservative treatment the effect not
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Table 2. Comparison of relative vertebral ante-
rior height of preoperative, 3 day after cement
augmentation and the time of last follow-up

) 3 days The last
Preoperative )
postoperative follow-up
NIVC (%) 629+79 751+75" 73.1+8.4"

IVC (%) 55.5+13.6 775+72"" 753+12.1%

Note: *Compared with the preoperative group, P<0.05.
#P<0.05 for the comparison between the NIVC and IVC
group.

Table 3. Comparison of kyphotic angle of pre-
operative, 3 day after cement augmentation
and the time of last follow-up

3 days The last
postoperative  follow-up
NIVC (%) 225+4.2 125+2.9° 13.6+2.5"
IVC (%) 246+4.4 132+26" 13.4+4.1"
Note: *Compared with the preoperative group, P<0.05.

Preoperative

beautiful. Therefore, for patients with CPOVCFs,
most scholars advocate surgery, surgery effect
is good [14-20].

We found that, compared to the NIVC vertebral
fracture, PKP holds can significantly improve
the IVC fracture of vertebral body height, signifi-
cantly reduce the spine after partial protrusion
deformity. IVC fractures, the vertebral body
bone cortex discontinuous ahead, vertebral
body height change with position and change
often, this is good for surgery to restore verte-
bral body height in the process of [21]. Past
research has shown that PKP holds the intraop-
erative factors including position [22] is benefi-
cial to fracture, fracture type and amount of
bone cement injection [23, 24]. For this type of
fracture, we was hyperextension by patient
position, open the application of balloon and
high-pressure injection of bone cement with
high viscosity larger doses to complete a good
reset. Our research shows that: group IVC of
bone cement injection quantity is more, the
degree of vertebral body fracture reduction is
bigger also. More bone cement perfusion pro-
trusion deformity after reduction, improved the
spinal sagittal balance [25]. For the NIVC verte-
bral fracture, due to the continuous edge verte-
bral body bone, the reset ability weakened [18].
But also the scholar thinks, PKP holds also can
obviously recover NIVC height. WU [3], studied
92 patients with subacute OVCFs, found after
PKP holds the convex Angle improved after IVC
group 9.14 degrees, vertebral compression
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reduction by 20.09%, while NIVC group was
8.76 degrees Fahrenheit and 20.23%, respec-
tively. After in vertebral body bone cement
solidification, the fracture piece together,
achieve the purpose of stable fractures [26],
quickly relieve patients’ pain symptoms.

In the treatment of CPOVCFs, complications of
bone cement leakage happen quite often,
reported as high as 41.5% [10]. Fortunately,
most of the bone cement leakage rarely causes
serious symptoms [26]. Vertebral body patients
with IVC PKP holds the treatment, the higher
rates of bone cement permeability to the adja-
cent intervertebral disc [3, 27], at the same
time, also should be alert to leakage of bone
cement to the spinal canal, lest cause spinal
cord compression [10]. Our bone cement leak-
age rate was 10.2%, lower than document
report. We adopt the method is: on preopera-
tive imaging evaluation, vertebral body bone
edge defect, if any, is adopted by several times
with bone cement injection method, with a
small amount of bone cement block bone edge
defect first, after waiting for bone cement solid-
ification and large dose injection of bone
cement with high viscosity. Intraoperative still
needs strict imaging monitoring, such as found
that leakage of bone cement began, is slow or
stop the injections.

In the process of follow-up, there were 16.9%
patients with adjacent segment fracture, the
majority of patients have a willingness to accept
surgery again. The study found that the hap-
pening of the adjacent segment fracture with
low serum 25 (OH) D levels and low BMD, low
BMI, and intradiscal cement leakage on 28 to
30. Civelek [31] suggest vertebral body filled
with bone cement, as far as possible after cor-
rection convex deformity, and restore the spinal
sagittal balance, in order to reduce the adja-
cent segment fracture. Some scholars reported
IVC line after PKP holds treatment, job respon-
sibility disease may also be compressed again
[32]. We have not seen this kind of circum-
stance, but follow-up is rare to find one bone
cement loose shift, and destroyed the upper
vertebral body, need operation treatment. This
complication is a reminder that we need to
adopt some methods to improve bone cement
and bone anchor close degree.

In conclusion, PKP holds is the presence or
absence of the IVC CPOVCFs, which is a safe
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and effective treatment method. For patients
with IVC, PKP holds can significantly improve
the fracture of vertebral body height, signifi-
cantly reduce the spine after partial protrusion
deformity.
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