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 Background: Percutaneous kyphoplasty (PKP) has been widely used for osteoporotic vertebral compression fractures (OVCFs). 
However, whether this approach is suitable for osteoporotic vertebral fractures with spinal canal encroachment 
remains controversial.

 Material/Methods: Of 526 patients who underwent PKP at our hospital, 40 had conditions associated with spinal canal encroach-
ment, and were enrolled in the study. Detailed physical, neurological, and radiological examinations were per-
formed on each patient before and after surgery and at the followup. A visual analog scale (VAS) and the 
Oswestry Disability Index (ODI) were used for the clinical assessment. The vertebral body height, the local ky-
phosis, and the spinal canal width were used for the radiological evaluation.

 Results: There were 11 male and 29 female patients, with a mean age of 71±8 years. The VAS score decreased from 
6.4±0.7 preoperatively to 1.6±0.7 postoperatively and to 2.3±1.5 at the last followup visit. The ODI score was 
78±9.5 before surgery, declined to 24±11.3 after surgery, and was 27.6±12.5 at the last followup visit. The ver-
tebral body height increased from 11.7±4.3 mm to 14.6±4.4 mm. The local kyphosis decreased from 15.0±10.7 
degrees preoperatively to 8.5±11.3 degrees postoperatively. The spinal canal width remained stable, at 8.5±2.0 
mm before PKP and 8.7±1.9 after PKP.

 Conclusions: PKP effectively relieved back pain in OVCF patients with spinal canal encroachment. Their social function im-
proved as well.

 Keywords:	 Cementoplasty	•	Osteoporotic	Fractures	•	Spinal	Canal

 Abbreviations: PKP – percutaneous kyphoplasty; PVP – percutaneous vertebroplasty; OVCF – osteoporotic vertebral 
compression fractures; VAS – Visual Analog Scale; ODI – Oswestry Disability Index; CT – computed to-
mography; MRI – magnetic resonance imaging; PMMA – polymethylmethacrylate

 Full-text PDF: https://www.medscimonit.com/abstract/index/idArt/930848

Authors’ Contribution: 
Study Design A

 Data Collection B
 Statistical Analysis C
Data Interpretation D

 Manuscript Preparation E
 Literature Search F
Funds Collection G

1 Department of Spine Surgery, Shandong Provincial Hospital Affiliated to 
Shandong First Medical University, Jinan, Shandong, PR China

2 Department of Orthopaedics, People’s Hospital of Quzhou, Quzhou, Zhejiang, 
PR China

3 Anatomical Institute of Minimally Invasive Surgery, Southern Medical University, 
Guangzhou, Guangdong, PR China

e-ISSN 1643-3750
© Med Sci Monit, 2021; 27: e930848

DOI: 10.12659/MSM.930848

e930848-1
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Background

Percutaneous kyphoplasty (PKP) has been used to treat osteo-
porotic vertebral compression fractures (OVCFs) since 1998 [1]. 
Using this technique, the doctors who originated this meth-
od restored vertebral body height and created a void that was 
filled with cement, using the swelling of an inflatable bone 
tamp. This was initially performed by a modified vertebro-
plasty technique. Currently, this technique is widely used for 
OVCF, vertebral myelomas, metastases, hemangiomas, and 
other conditions [2-5].

For painful fractures, PKP can prevent morbidity and save and 
prolong the lives of patients, and is more effective than con-
servative treatment [6,7]. However, due to potential neurolog-
ical complications, there is still intense debate about the use 
of PKP for osteoporotic vertebral fractures with spinal canal 
encroachment [8-12]. Few reports have investigated its safe-
ty and efficacy.

The senior author initially used PKP a decade ago to treat OVCFs 
with spinal canal encroachment and has used the technique 
over the past decade. The current study retrospectively eval-
uated a case series to determine the safety and efficacy of 
PKP for patients with OVCFs with spinal canal encroachment.

Material and Methods

Patients

Between January 2008 and December 2016, 526 patients with 
OVCFs were enrolled at our university-affiliated hospital and 
underwent a percutaneous kyphoplasty. Of these 526 patients, 
40 patients had associated spinal canal encroachment. All the 
surgeries were performed by the same surgeon at the univer-
sity-affiliated hospital.

The patient demographics, including age, gender, and level of 
fracture, were recorded.

The inclusion criteria were as follows: 1) diagnosis of osteo-
porosis with a low bone-mineral density with a T value less 
than -2.52) severe back pain that was refractory to conser-
vative treatment; 3) sufficient conservative treatment per-
formed; 4) spinal canal encroachment on computed tomog-
raphy (CT) and magnetic resonance imaging (MRI); and 5) no 
neurological deficits.

The exclusion criteria were as follows: 1) neurological defi-
cits and symptoms; 2) no diagnosis of osteoporosis; 3) spi-
nal tumors, metastases, or infections; and 4) followup of less 
than 2 years.

Surgical Procedures

The whole surgical procedure was performed under fluoroscopy 
(G-arm, Whale Inc., Beijing, China). The projection of the pedi-
cles was marked on the skin. The needles and tubes (Kyphon, 
Sunnyvale, CA, USA) were inserted through the pedicle into the 
vertebral body. Biopsy forceps were placed into the vertebral 
body through the tube. Bone tissue samples were taken for 
pathological examination. The balloons (Kyphon, Sunnyvale, 
CA, USA) were inserted through the tubes and placed inside 
the anterior of the vertebral body from a lateral view. The bal-
loons were expanded slowly, without overinflation. Then, poly-
methylmethacrylate (PMMA) acrylic cement (Dragoncrown Inc., 
Jinan, China) was injected into the vertebral body. The injec-
tion process was performed under continuous fluoroscopic 
monitoring, until the PMMA spread near the posterior wall of 
the vertebral body. The amount of cement and the operative 
time were recorded.

Clinical Assessment

Every patient underwent detailed physical and neurological 
examinations before surgery. A visual analog scale (VAS) was 
used to assess each patient’s pain before surgery. The Oswestry 
Disability Index (ODI) was used to evaluate functional activi-
ty. After surgery, all the patients were asked to finish the VAS 
and ODI questionnaires. These questionnaires were also re-
quired at the followup visit.

Radiological Evaluation

Anterior and lateral radiographs of the entire spine, as well as 
CT and MRI, were employed to evaluate the radiological mea-
sures before and after surgery (Figure 1). Anterior and lateral 
radiographs of the entire spine were also performed at the fol-
lowup visit. The radiological parameters included the height of 
the fractured vertebral body at the anterior margin and at the 
mid portion, the local kyphotic angle, and the width of the spi-
nal canal. The relative height was calculated as the fractured 
vertebral height divided by the average height of the cranial 
and caudal vertebral body. Cobb’s methods were used to mea-
sure the local kyphotic angle.

Statistical Analysis

All data are presented as the mean±standard deviation. The 
postoperative and followup data were analyzed with the pre-
operative data using the Wilcoxon matched-pairs signed-ranks 
test, with a P value of <0.05 considered to be statistically sig-
nificant. Statistical analysis was performed using SPSS soft-
ware package version 21 (SPSS Inc, Chicago, IL).
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Results

There were 11 male and 29 female patients. The mean age 
of the patients was 71±8 years (range, 50 to 84 years). The 
fractured vertebral body was at T11 in 1 patient, T12 in 5 pa-
tients, L1 in 21 patients, L2 in 10 patients, and L3 in 4 pa-
tients. Among these, 1 patient had 2 vertebral body fractures. 
According to the time of fracture, 16 cases were chronic frac-
tures (more than 8 weeks) and 24 cases were acute fractures 
(less than 8 weeks). Thirteen patients had hypertension, 5 pa-
tients had a previous history of coronary heart disease, and 3 
patients had a history of cerebral infarction. The mean bone 
mineral density (T value) was -2.98±0.42 (range, -4.05 to -2.5).

The mean operative time per vertebral body level was 29±12 
min (range, 21 to 45 min). The mean amount of bone cement 
injected was 5.9±1.6 ml (range, 3.0 to 10.5 ml). The mean hos-
pital stay was 2±1 days (range, 1 to 4 days). The mean follow-
up period was 44±12 months (range, 24 to 80 months). No 
neurological deficits occurred after surgery.

The mean vertebral body height at the anterior margin was 
15.1±3.9 mm before surgery and 18.6±3.6 mm after surgery. 
The mean vertebral body height at the mid portion was 11.7±4.3 
mm before surgery and 14.6±4.4 mm after PKP. Compared with 
the preoperative vertebral body heights, the mean postopera-
tive heights at the anterior margin and the mid portion were 
significantly increased (Table 1).
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D

Figure 1.  The patient was a 61-year-old woman with an L2 compression fracture. Only percutaneous kyphoplasty was performed, 
and the postoperative radiological outcome was observed. The red line through B and F indicates the local kyphotic angle. 
(A, B) Preoperative full spinal radiographs showing the L2 vertebral compression fracture. (C, D) Preoperative CT and MRI 
showing the L2 vertebral compression fracture with obvious spinal canal encroachment. (E, F) Postoperative full spinal 
radiographs showing bone cement permeating the L2 vertebrae.

Pre-PKP Post-PKP p Value

Vertebral body height

 Anterior margin 15.1±3.9 18.6±3.6 0.01

 Mid portion 11.7±4.3 14.6±4.4 0.02

Relative height

 Front wall 56%±14% 70%±15% 0.01

 Mid portion 46%±15% 58%±18% 0.04

Spinal canal width 8.5±2.0 8.7±1.9 0.17

Table 1. Clinical assessment and radiological evaluation before and after the PKP on OVCF patients with spinal encroachment.

PKP – percutaneous kyphoplasty; OVCF – osteoporotic vertebral compression fractures.
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The mean preoperative VAS score was 6.4±0.7 (range, 4 to 8). The 
mean postoperative VAS score was 1.6±0.8 (range, 1 to 3) the day 
after PKP and was 2.3±1.5 at the last followup visit. Substantial 
pain relief was achieved. The mean preoperative ODI score was 
78±9.5 (range, 65 to 89). The mean postoperative ODI score was 
24±11.3 (range, 16 to 40), and it was 27.6±12.5 at the last follow-
up visit. The differences between the preoperative and postoper-
ative VAS scores and ODI assessments were statistically signifi-
cant. The average VAS and ODI scores changed slightly at the final 
followup visit. The effect of pain relief was persistent (Table 2).

The local kyphotic angle improved significantly, from 15.0±10.7 
degrees preoperatively to 8.5±11.3 degrees postoperatively 
(P=0.02) and 9.6±12.2 at the 2-year followup (Table 2). The 
spinal canal width did not change significantly. It was 8.5±2.0 
mm before PKP and 8.7±1.9 mm after PKP (P=0.17). Cement 
leakage into the spinal canal and further dislodging of the pos-
terior vertebral body fragments did not occur.

Discussion

PKP has been proven to be effective for treating painful os-
teoporotic vertebral compression fractures. However, its use 
is controversial in OVCF patients with spinal canal encroach-
ment. The main issue is concern about its safety [13-15]. The 
injection of PMMA cement may lead to deterioration in spinal 
cord compression. Because of the higher rate of cement leak-
age in percutaneous vertebroplasty (PVP) compared with PKP, 
we chose to use PKP in this study. No obvious cement leakage 
or neurological deterioration occurred.

Through the retrospective review conducted as part of this 
study, the OVCF cases involving spinal canal encroachment 
were found to have some common characteristics. First, the 
vertebral compression rate was above 50%, combined with 
substantial local kyphosis. Second, nearly half of these cas-
es were old fractures, and some involved Kummell’s disease. 
Third, the vertebral height at the mid portion was often shorter 
than that at the anterior margin. Finally, the posterior wall of 
the vertebral body was usually fractured, which might cause 
cement leakage into the spinal canal during PKP.

The best surgical approach for vertebral fractures with spinal 
canal encroachment may be to reduce the stress and then 
achieve fusion. The first goal is to reduce the stress. However, 
in OVCF patients, if there are no obvious neurological symp-
toms, the first goal is to reduce the pain.

Elderly patients often have comorbidities associated with other 
organs, such as coronary heart disease or cerebral infarction. 
Their bone mineral density is usually very low, which does not 
allow good pedicle screw purchase. Thus, PKP may be a more 
viable option for those patients.

In this study, all the OVCF patients with spinal canal encroach-
ment underwent PKP surgery. All the patients achieved good 
pain relief and improved social function. The radiological re-
sults were quite good. The height of the compressed verte-
bral body was reconstructed, and the local kyphosis was cor-
rected. The spinal canal width remained stable. There was no 
PMMA cement leakage into the spinal canal.

Several research studies have found that PKP could achieve 
significant vertebral height recovery and kyphosis angle reduc-
tion, leading to significant pain relief and functional improve-
ment [16-18]. Wang et al [16] treated 35 patients who suf-
fered OVCF with spinal canal compromise by PKP and achieved 
good clinical results. Dai et al [19] and Zhang et al [20] de-
scribed improvement of injured vertebral body height and ky-
phosis in patients who underwent PKP that was significantly 
better than that in patients who underwent PVP, with no sig-
nificant loss of height and kyphosis correction at the final fol-
lowup visit. However, Wang et al [21] followed 203 patients for 
12.7 months and found that recollapse following PKP affected 
38.9% of the vertebrae, a condition that increases the risk for 
back pain. Similar results have been reported by Li et al [22]. 
Thus, the clinical efficacy of PKP is still controversial, and fur-
ther studies are needed to clarify it.

During hospitalization, there are several points that need to 
be noted. First, preoperative evaluation of cardiopulmonary 
function is particularly important. Several days before surgery, 
we recommend that the patient lie prostrate in the ward to 
adapt to the long time spent in a prone position during surgery. 

Pre-PKP Post-PKP Half-year follow-up 1-year follow-up 2-years follow-up

Kyphotic angle 15.0±10.7 8.5±11.3* 8.8±11.5* 9.1±11.9* 9.6±12.2*

VAS 6.4±0.7 1.6±0.8* 1.9±1.1* 2.1±1.3* 2.3±1.5*

ODI 78.5±9.5 24.7±11.3* 25.3±11.5* 26.6±11.8* 27.6±12.5*

Table 2.  Kyphotic angle and clinical assessment before and after the PKP, and the follow-ups on OVCF patients with spinal 
encroachment.

PKP – percutaneous kyphoplasty; OVCF – osteoporotic vertebral compression fractures; VAS – Visual Analog Scale; ODI – Oswestry 
Disability Index. * P<0.05 compared to preoperative value.
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Second, the patient’s position should be carefully prepared for 
surgery. A lordotic position can be helpful for reconstructing 
the vertebral body height and correcting the local kyphosis. 
Local anesthesia is more appropriate than general anesthe-
sia or epidural anesthesia for OVCF patients with spinal cord 
compression. It is essential to observe the sensitivity and ac-
tivity of the lower limbs. For patients who are more sensitive 
to pain, small doses of analgesia and sedatives can be given, 
but anesthetics should not be given intravenously. The key to 
the surgery is the location of the puncture. The puncture nee-
dles and tubes should avoid the unstable fracture fragments. 
The balloons are inserted through the tubes and placed in-
side the anterior portion of the vertebral body from a lateral 
view. The balloons should be expanded slowly, without over-
inflation. A previous study has shown that low-viscosity PKP is 
better than high-viscosity PVP for restoring the height of the 
middle vertebrae [23]. Therefore, we use low-viscosity PMMA 
cement and inject it slowly until it spreads near the posteri-
or wall of the vertebral body. During the injection, continuous 
fluoroscopy should be used, and attention should be paid to 
the sensitivity and activity of the patient’s lower limbs. Finally, 

postoperative anti-osteoporotic treatment is essential for re-
ducing the risk of refracture.

Conclusions

PKP is an effective, minimally invasive procedure for the treat-
ment of osteoporotic vertebral compression fractures asso-
ciated with spinal canal encroachment without neurological 
symptoms that leads to significant relief of symptoms and im-
provement in functional status.
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