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Abstract
Purpose  To determine the incidence of and risk factors for residual back pain in osteoporotic vertebral compression fracture 
(OVCF) patients after percutaneous kyphoplasty (PKP) treatment, we performed a retrospective analysis of prospective data.
Methods  Patients who underwent bilateral PKP and met this study’s inclusion criteria were retrospectively reviewed. Back 
pain intensity was assessed using a visual analogue scale (VAS) after surgery. Residual back pain was defined as the pres-
ence of postoperative moderate-severe pain (average VAS score ≥ 4), and the variables included patient characteristics, 
baseline symptoms, radiological parameters and surgical factors. Univariate and multivariate logistic regression analyses 
were performed to identify risk factors.
Results  A total of 809 patients were included, and residual back pain was identified in 63 (7.8%) patients. Of these patients, 
52 patients had complete data for further analysis. Multivariate logistic regression analysis showed that risk factors for 
back pain included the presence of an intravertebral vacuum cleft (OR 2.93, P = 0.032), posterior fascia oedema (OR 4.11, 
P = 0.014), facet joint violations (OR 12.19, P < 0.001) and a separated cement distribution (OR 2.23, P = 0.043).
Conclusion  The incidence of postoperative residual back pain was 7.8% among 809 OVCF patients following PKP. The 
presence of an intravertebral vacuum cleft, posterior fascia oedema, facet joint violations and a separated cement distribution 
were identified as independent risk factors for residual back pain.
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Introduction

Osteoporosis is the most common metabolic bone disorder, 
characterized by bone mineral loss and compromised bone 
strength, and it is the major cause of vertebral compression 
fractures typically present with sudden onset back pain in the 
elderly population [1]. Osteoporotic vertebral compression 

fractures (OVCFs) are becoming a common source of back 
pain and progressive spinal deformity, reducing quality of 
life and becoming an increasingly serious health problem 
worldwide [2–4].

Treatment for OVCFs includes conservative and surgical 
approaches. Most painful OVCFs are successfully managed 
with conservative treatment, including analgesic medication, 
stability interventions and physical therapy [5, 6]. Percuta-
neous kyphoplasty (PKP) is a minimally invasive surgical 
method that has come to be a well-accepted option for symp-
tomatic OVCFs and OVCFs that fail to respond to conserva-
tive treatments [7]. Although PKP provides quick pain relief, 
improved physical function and good restoration of vertebral 
height, some patients still experience considerable residual 
back pain [8–10].

Several studies have reported a variety of risk factors for 
obvious residual back pain after surgery, including infec-
tion, cement leakage, a non-healing bone-cement interface 
and idiopathic pain [11–13]. However, some of the factors 
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are still controversial or rarely mentioned, and a few conclu-
sions may be constrained by the small sample population. 
Therefore, the current study aimed to analyse the incidence 
and independent risk factors for moderate-to-severe residual 
back pain following PKP.

Patients and methods

Study design and patients

This study was approved by the ethics committee of our 
hospital, and all subjects gave informed consent to par-
ticipate in the study. We retrospectively analysed prospec-
tively collected data from consecutive patients with OVCFs 
who underwent bilateral PKP from March 2015 to April 
2019 in our hospital. The inclusion criteria were an acute 
(within 2 weeks) or subacute (within 2–8 weeks) vertebral 
compression fracture with a score of five or more on the 
visual analogue scale (VAS) for back pain, a hypointense 
signal on T1-weighted images and a hyperintense signal on 
T2-weighted images via magnetic resonance imaging (MRI), 
decreased bone mineral density (T scores less than − 1.5), 
a fracture level lower than T5 and three or less fracture seg-
ments. The exclusion criteria included patients younger 
than 55 years of age, vertebral body posterior column frac-
tures, the spinal canal having been invaded by retropulsion 
of bony fragments, spinal infection, pathological fractures 
and chronic back pain prior to trauma, including a history 
of previous spinal decompression or fusion surgery, spon-
dylolisthesis and unidentified pain. Patients with severe car-
diopulmonary comorbidity, cognitive disorders or cerebral 
disease who could not communicate independently were also 
excluded.

Surgical procedures and management

Patients were placed in a prone position on the operating 
table and received local or general anaesthesia. Next, bone 
puncture trocars were placed bilaterally through the lateral 
margin of the pedicles at the fractured level and progres-
sively passed through the pedicles into the vertebral body 
under C-arm guidance. Then, an inflatable bone balloon was 
used, and polymethylmethacrylate (PMMA) was injected 
carefully into the vertebral body. The injection was stopped 
if the cement reached the cortical edge of the vertebral body 
or if it leaked into extraosseous structures or veins. After 
the procedure, the patients were maintained in a prone posi-
tion for 10–15 min. All patients were restricted to bed rest 
after the procedure and encouraged to ambulate on the first 
day after PKP. To assist ambulation, patients were required 
to wear a brace for at least 1 month. Patients also received 

postoperative antero-posterior and lateral plain radiographs 
and computed tomography (CT).

Patients were prescribed calcium tablets (600–1200 mg/
day), calcitriol (0.25–0.5 μg/day) and alendronate (70 mg/
week) after surgery. Regarding pain management, patients 
who acquired adequate pain relief were not prescribed any 
analgesic drug, and those who still suffered from inadequate 
pain relief or pain obviously affecting basic daily life were 
prescribed non-steroidal anti-inflammatory drugs (NSAIDs); 
non-opioid analgesic drug was added if the NSAIDs were 
not effective.

Dependent variable

The VAS scores of the included patients were collected dur-
ing one month of follow-up at five time points, including 1, 
3, 7, 14 and 30 days after surgery. The dependent variable 
was the presence of moderate-to-severe back pain, and based 
on the average intensity of back pain assessed postopera-
tively (1, 3, 7, 14 and 30 days after surgery) using a 10-cm 
VAS, in which a score of 0 represents no pain and a score of 
10 represents the worst conceivable pain, moderate-to-severe 
residual back pain was defined as a VAS score greater than 
or equal to 4 [14, 15]. Therefore, patients were divided into 
a back pain group (VAS score greater than or equal to 4) and 
a control group (VAS score less than 4) for further analysis.

Independent variables

Basic patient data, including age, sex, body mass index 
(BMI), bone mineral density (BMD), smoking status, frac-
ture type (acute or subacute fractures) and baseline symp-
toms, including the preoperative VAS score and Oswestry 
Disability Index (ODI), were obtained from the medical 
records.

Baseline radiographic parameters included the following: 
(1) vertebral height loss, i.e. the percentage of anterior ver-
tebral body height relative to the average anterior vertebral 
body height of the upper and lower adjacent levels (Fig. 1); 
(2) local kyphotic angle, the angle between the superior and 
inferior endplate of the fractured level (Fig. 1); (3) thoracic 
kyphosis angle; (4) intravertebral vacuum cleft; and (5) pos-
terior fascia injury (Fig. 2).

Surgical parameters, including anaesthesia, operation 
time, number of fracture segments and cement volume, were 
collected from the operative records.

Postoperative radiographic parameters included (1) ver-
tebral height restoration, i.e. the percentage of the anterior 
vertebral body restoration height relative to the average ante-
rior vertebral body height of the upper and lower adjacent 
levels (Fig. 1); (2) facet joint violations, defined as needle 
trajectory contacts with joint surfaces or travel within the 
facet joint in postoperative CT images (Fig. 3) [9, 16]; (3) 
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Fig. 1   Schematic diagram 
of the local kyphotic angle 
(LK), vertebral height loss and 
restoration on preoperative 
a and postoperative, b plain 
radiographs

Fig. 2   a Vertebral compres-
sion fracture without fascia 
injury shows no remarkable 
signal changes on T1 WI (A1), 
T2 WI (A2) and T2-STIR WI 
(A3) MRI images. b Vertebral 
compression fracture with fascia 
injury shows low signal inten-
sity on T1 WI (B1) and high 
signal intensity on T2 WI (B2) 
and T2-STIR WI (B3)
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cement leakage, including leakage in veins, discs and the 
spinal canal; and (4) cement distribution, including sepa-
rated and confluent cement masses [17]. A separated cement 
distribution was defined when the bilateral cement masses 
were isolated and rarely connected to each other, and a con-
fluent cement distribution was defined when the bilateral 
cement masses were integrated into a whole (Fig. 4).

Statistical analysis

The continuous variables are presented as the mean ± stand-
ard deviation. Student’s t test was used for comparisons of 
continuous variables, and the Chi-square test or Fisher’s 
exact test was applied for analysing categorical variables. 
Variables associated with significant differences between 
the two groups were considered potential risk factors for 
residual back pain in the final multivariate stepwise logistic 

regression model. Statistical analysis was performed using 
SPSS 19.0(IBM, Chicago, IL). Differences were considered 
statistically significant at P < 0.05.

Results

Demographics and change in pain intensity

According to the inclusion and exclusion criteria, a total 
of 952 patients were included, and 809 patients completed 
the follow-up (follow-up rate: 85.0%). Mean pain intensity 
(as measured by the VAS score) decreased significantly 
after surgery (7.2 ± 2.1 vs. 3.2 ± 1.3; P < 0.001). Among 
the patients completing the follow-up, 63 (7.8%) patients 
were identified as having moderate-to-severe residual back 
pain (back pain group), but 11 patients were excluded due 

Fig. 3   Schematic diagram of 
facet joint violations on CT 
scans. a No facet joint violation 
in the right facet joint, and the 
left trajectory abuts the left facet 
joint. b Left trajectory invades 
the left facet joint

Fig. 4   Schematic diagram of 
cement distribution on a plain 
radiograph. Antero-posterior 
radiograph shows confluent 
cement masses a and separated 
cement masses, b in the verte-
bral body
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to a lack of radiographic information or other medical rea-
sons. Finally, 52 patients were included in the analysis; 34 
were females, and 18 were males, with an average age of 
76.2 ± 8.9 years. Another 163 patients who were identified 
as having no or mild pain and who underwent PKP surgery 
during the same period were included as the control group. 

As shown in Table 1, although patients in the two groups 
were presented with gradual pain relief during the postop-
erative follow-up, the VAS score of the residual pain group 
was significantly higher than that of the control group at 1, 
3, 7 and 14 days after surgery.

Univariate analysis

Comparisons of patient-independent variables between the 
control and residual back pain groups are summarized in 
Table 2. The comparison of results for the patients in the 
control group and the residual back pain group indicated 
that there were no significant differences between the two 
groups regarding anaesthesia (P = 0.621), operation time 
(P = 0.097) and cement volume (P = 0.052). The results 
also showed that the following factors were significantly 
different between the control and back pain groups: intra-
vertebral vacuum cleft (P = 0.014), posterior fascia injury 

Table 1   Summary of VAS in control and residual pain groups after 
surgery

Data are displayed as mean ± SD. VAS visual analogue scale

Follow-up Control Residual pain P value

1 day 3.6 ± 1.3 5.1 ± 1.7 < 0.001
3 days 3.3 ± 1.1 4.8 ± 1.6 < 0.001
7 days 3.0 ± 0.9 4.5 ± 1.6 < 0.001
14 days 3.0 ± 1.1 3.6 ± 1.3 0.003
30 days 2.7 ± 0.7 3.0 ± 1.0 0.058

Table 2   Comparisons of 
variables between patients with 
or without moderate-to-severe 
back pain

Data are displayed as mean ± SD, number (%). BMI body mass index, BMD bone mineral density, VAS 
visual analogue scale

Variable VAS ≥ 4 (n = 52) VAS < 4 (n = 163) P value

Patients characteristics
 Age (years) 76.2 ± 8.9 74.5 ± 8.1 0.200
 Gender (female/male, n) 31/21 112/51 0.226
 BMI (kg/m2) 25.7 ± 5.4 26.5 ± 5.3 0.347
 BMD (T score) − 3.2 ± 1.0 − 2.9 ± 1.0 0.061
 Smoking status (never/former/current, n) 35/11/6 125/31/7 0.137
 Acute fractures (n) 36/36 133/166 0.058
 Subacute fractures (n) 16 30

Baseline symptoms
 Preoperative VAS 7.6 ± 2.2 7.4 ± 1.9 0.526
 Preoperative ODI 44.3 ± 8.2 41.9 ± 8.1 0.065

Baseline radiological parameters
 Vertebral height loss (%) 30.7 ± 10.2 28.4 ± 8.8 0.116
 Local kyphotic angle (°) 26.8 ± 6.4 25.5 ± 5.9 0.874
 Thoracic kyphosis angle (°) 59.4 ± 11.6 55.7 ± 9.8 0.118
 Intravertebral vacuum cleft (yes/no, n) 10/42 12/151 0.014
 Posterior fascia oedema (yes/no, n) 9/43 7/156 0.002

Surgical factors
 Anaesthesia (local/general, n) 6/46 15/148 0.621
 Operation time (min) 47.1 ± 13.8 44.0 ± 13.2 0.097
 Number of fracture segments (1/2/3, n) 40/9/3 147/11/5 0.043
 Cement volume 3.4 ± 1.1 3.8 ± 1.3 0.052

Postoperative radiological parameters
 Vertebral height restoration (%) 14.7 ± 5.8 15.5 ± 5.4 0.362
 Facet joint violation (yes/no, n) 11/41 4/159 < 0.001
 Cement leakage in venous (yes/no, n) 3/49 5/158 0.634
 Cement leakage in disc (yes/no, n) 6/46 7/156 0.056
 Cement leakage in spinal canal (yes/no, n) 0/52 5/158 0.339
 Cement distribution (separated/confluent, n) 17/35 28/135 0.017
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(P = 0.002), number of fracture segments (P = 0.043), facet 
joint violations (P < 0.001) and a separated cement distribu-
tion (P = 0.017). Collectively, these data indicated that the 
above factors were potentially associated with postoperative 
back pain and were included in the multivariate analysis.

Multivariate analysis

Multivariate logistical regression analysis was performed 
to detect independent risk factors for back pain. As shown 
in Table 3, intravertebral vacuum cleft (OR 2.93; 95% CI 
1.10–7.81; P = 0.032), posterior fascia oedema (OR 4.11; 
95% CI 1.33–12.74; P = 0.014), facet joint violations (OR 
12.19; 95% C = 3.55–41.84; P < 0.001) and a separated 
cement distribution (OR 2.23; 95% CI 1.03–4.84; P = 0.043) 
were identified as independent risk factors for residual back 
pain.

Discussion

Although percutaneous kyphoplasty (PKP) is an available 
and effective therapy for the management of pain resulting 
from osteoporotic vertebral compression fractures (OVCFs), 
postoperative adverse events, including pulmonary embo-
lism, infection, and insufficient postoperative pain relief, 
have negative impacts on clinical outcomes [7, 18, 19]. 
Of these complications, residual back pain considerably 
decreases surgical satisfaction and quality of life because 
the main problem resulting from OVCFs is severe pain [9]. 
Therefore, in the current study, we measured the incidence 
of residual back pain and determined potential risk factors 
by retrospectively reviewing OVCF patients treated with 
PKP.

Several studies have reported the presence of back pain 
after surgery. Barr et al. [20] included a total of 38 OVCF 
patients and reported nearly 5% of patients with no signifi-
cant pain relief and 12% of patients with moderate pain relief 
after surgical treatment. Cumulative evidence has demon-
strated that a minority of patients still suffer from back pain 
after kyphoplasty treatment. A randomized trial found 20 
of 149 patients was considered to have back pain, which is 
one of the most common adverse events in this study [10]. 

In another study, approximately 6.3% and 7.3% of patients 
were identified with procedural pain and residual back pain, 
assessed within 7 days postoperatively, after kyphoplasty, 
respectively [8]. In the present study, the incidence of resid-
ual back pain after kyphoplasty is 7.8%, which is similar to 
that reported in previous studies.

An intravertebral vacuum cleft (IVC) has been described 
as a sign of spinal instability and a cause of persisting pain. 
Several studies have shown the disadvantageous effects of 
the presence of an IVC on clinical outcomes of OVCFs fol-
lowing surgical treatment. Yu et al. [21] demonstrated that 
the immediate postoperative VAS score for OVCFs with 
IVCs is remarkably higher than that of OVCFs without IVCs 
after surgery. Li et al. [22] reported that OVCF patients with 
IVC have relatively higher VAS scores, which range from 
3.8 to 4.0 at the follow-up after PKP treatment. In contrast, 
a comparative study by Wu et al. [23] reported that the 
improvement in VAS and ODI scores and the radiographic 
parameters of the groups with and without IVC were not 
significantly different after PKP. This contradiction may be 
due to patients who had a coexisting vertebral fracture with 
or without an IVC. In line with these studies, our results 
revealed that IVCs contribute to residual back pain after 
kyphoplasty.

Moreover, posterior fascial traumatic oedema identified 
by MRI was another risk factor for postoperative pain in the 
current study. Although most of the OVCFs resulted from 
low energy impacts or were even caused by hidden trauma, 
nearly 7.4% (16/215) of the patients still had a fascial injury 
and high VAS score. A previous study showed that OVCF 
patients with a concomitant thoracolumbar fascia injury did 
not respond well to their pain relief after treatment, indicat-
ing that there may be a relationship between thoracolum-
bar fascia injury and residual back pain [24]. One plausible 
explanation for this result is that the thoracolumbar fascia is 
rich in nerve endings.

The finding that facet joint violation is a risk factor for 
residual pain has rarely been mentioned in previous studies. 
Facet joint violation has mainly been reported in studies 
about pedicle screw instrumentation fixation for burst frac-
tures and degeneration disease, where it is one of the major 
complications and closely related to postoperative pain. 
Levin et al. [25] reported that patients who have facet joint 
violations have significantly worse quality of life improve-
ments when compared with control patients. With regard to 
the relationship between facet joint violations and kyphop-
lasty, our previous study revealed that approximately 9.6% of 
facet joints were invaded by puncture needles after kyphop-
lasty for OVCFs [26]. Yan et al. [27] demonstrated that seven 
patients had remarkable pain at the puncture sites 1 month 
after surgery and speculated that the pain was related to facet 
joint violations because of the pain disappearance with a 
local block treatment. Li et al. [9] reported that facet joint 

Table 3   Multivariate logistic regression analysis for the risk factors 
of postoperative pain after PKP

Risk factor OR (95% CI) P value

Intravertebral vacuum cleft 2.93 (1.10–7.81) 0.032
Posterior fascia oedema 4.11 (1.33–12.74) 0.014
Facet joint violation 12.19 (3.55–41.84) < 0.001
Separated cement distribution 2.23 (1.03–4.84) 0.043
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violations have a detrimental effect on clinical outcomes, as 
they are associated with high VAS scores and low surgical 
satisfaction. In our study, facet joint violations have been 
identified as a risk factor for residual pain. The reason for 
this may be that the facet joint and capsule ligament are full 
of mechanoreceptors and pain-detecting nociceptors, which 
are susceptible to direct mechanical impairment. Another 
explanation for this result is related to the deleterious effects 
of facet joint violations on secondary inflammatory reactions 
and the presence of osteoarthritis.

The relationship between cement injection and clinical 
outcomes in the treatment of OVCFs was noticed in several 
studies. Previous studies indicated that cement injection 
volume is the key factor for enhancing mechanical stability 
by filling the cavity of bone trabecula, and the ideal value 
of cement notably influences pain relief and the prevention 
of cement-related complications [28]. However, no differ-
ence was found between the two groups regarding cement 
injection volume in the current study. On the other hand, 
cement distribution also played a critical role in postop-
erative outcomes. He et al. [29] found that a small cement 
volume with an extensive distribution provides positive 
restoration as does a large cement volume with a confined 
distribution. Additionally, Liu et al. [17] reported that their 
confluent cement distribution group obtained better short-
term pain relief than those in their separated cement dis-
tribution group, and the authors suggested that a separated 
cement distribution results in operative back pain owing to 
the exposed damaged part still suffering from nerve ending 
stimulation, unstable vertebral micro-fracture and micro-
motion under a single side load. Consistent with these stud-
ies, we found that the rate of separated cement distributions 
in the back pain group was higher than that in the control 
group, and multivariate logistic regression analysis showed 
that a separated cement distribution was an independent risk 
predictor for residual back pain after PKP treatment.

There are certainly limitations to determining the risk fac-
tors for residual back pain after kyphoplasty in OVCFs, and 
further study and investigation is still required. For example, 
because the number of patients was relatively small and the 
sample was from a single institution, some of the potential 
factors mentioned by a previous study, including rib fracture, 
infection, new symptomatic compression fracture and seri-
ous cement leakage, did not occur [12]. Therefore, a rela-
tively large sample size and multicentre design would allow 
for a better understanding. In addition, smoking has been 
regarded as having a negative role in the clinical outcomes 
of surgical treatment for spinal diseases [14]. However, this 
situation was not found in the current study, and the discrep-
ancy may be the result of some patients hiding their smoking 
history or the lack of a dose-dependent analysis between 
the amount of lifetime smoking and the pain score. We also 
noticed that some residual back pain may be partly affected 

by other spinal pathologies because elderly patients often 
have accompanying spinal degenerative diseases. Moreover, 
the patients were divided into two groups based on their 
average pain score within 1 month of surgery, and a long-
term, multiple-time-point follow-up would be more persua-
sive. Nevertheless, several risk factors for residual back pain 
were confirmed, at least in part, and they will be important 
for improving surgical efficiency.

In conclusion, the incidence of residual back pain after 
kyphoplasty in OVCFs was 7.8%. Through a matched 
case–control study evaluating various parameters, the 
presence of an intravertebral vacuum cleft, posterior fas-
cia oedema, facet joint violations and a separated cement 
distribution were identified as independent risk factors 
for residual back pain. Patients with these factors also had 
remarkably lower functional outcomes following surgery for 
OVCFs than other patients. Surgeons should pay attention to 
these risk factors and adequately manage them to improve 
surgical effectiveness and satisfaction.
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