
O R I G I N A L  R E S E A R C H

Percutaneous Kyphoplasty in Patients with Severe 
Osteoporotic Vertebral Compression Fracture with 
and without Intravertebral Cleft: A Retrospective 
Comparative Study
Hao Liu, Quan Zhou , Xiaofeng Shao, Junxin Zhang, Lei Deng, Tao Liu , Huilin Yang

Department of Orthopaedics, The First Affiliated Hospital of Soochow University, Suzhou, 215006, People’s Republic of China

Correspondence: Tao Liu; Huilin Yang, Department of Orthopaedics, The First Affiliated Hospital of Soochow University, No. 899 Pinhai Road, 
Suzhou, 215006, People’s Republic of China, Email liutao821108@163.com; szyhlspine@163.com 

Purpose: To comparatively analyze the clinical and radiographic outcomes of percutaneous kyphoplasty (PKP) in patients with severe 
osteoporotic vertebral compression fracture (sOVCF) with or without intravertebral cleft (IVC).
Methods: We enrolled a total of 75 patients with sOVCF receiving PKP between January 2016 and December 2018. The patients 
were divided into the following two groups based on their radiographic findings: with IVC (IVC group) and without IVC (NIVC 
group). The following radiographic outcomes were determined: anterior vertebral height (AVH), kyphotic angle (KA), lumbar lordosis 
(LL), sacral slope (SS), pelvic incidence (PI), and pelvic tilt (PT). The clinical functional assessment included Oswestry disability 
index (ODI) and visual analog scale (VAS) scores.
Results: No significant difference was found between the demographic data of the two groups (P > 0.05). AVH, KA, and LL in both 
groups were significantly corrected one month after surgery (P < 0.05). There was statistical difference between the two groups in 
AVH and KA one year and three years after surgery, and in LL and PT three years after surgery (P < 0.05). Compared with the results 
one month after surgery, AVH, KA, and LL of the IVC group deteriorated significantly one year and three years after surgery, whereas 
AVH, KA, and LL of the NIVC group deteriorated significantly three years after surgery (P < 0.05). The VAS and ODI scores in both 
groups decreased significantly one month, one year, and three years after surgery than preoperative results (P < 0.05), and a statistical 
difference was observed between the two groups three years after surgery (P < 0.05).
Conclusion: PKP can give satisfactory outcomes for the treatment of sOVCF with or without IVC. However, the NIVC group 
showed better clinical outcomes and could maintain spinal sagittal balance better than the IVC group during long-term follow-up.
Keywords: kyphoplasty, severe osteoporotic vertebral compression fracture, intervertebral cleft, sagittal balance

Introduction
Osteoporosis is a disease characterized by low bone mass and destruction of bone structure, which compromises bone 
strength and increases the risk of fracture.1 As the age of the population increases, the risks of osteoporosis and 
osteoporotic fractures also increase in the world population. Osteoporotic vertebral compression fracture (OVCF) is 
one of the most common complications of osteoporosis. OVCF is a fragile fracture caused by osteoporosis under the 
action of slight external force or not, causing intractable pain, lowering the quality of life, and also increasing the 
incidence of systemic complications and mortality.2–4 Severe OVCF (sOVCF) is defined by a two-third or more reduction 
in vertebral height, which is usually found along with severe kyphosis.5 Percutaneous kyphoplasty (PKP) is a minimally 
invasive surgical treatment for OVCF, which is effective for rapid pain relief and restores vertebral height.6 This 
minimally is an excellent minimally invasive technique for OVCF patients with persistent back pain who do not respond 
well to conventional conservative treatment, and it was performed after MRI detection of vertebral compression 
fractures. However, many controversies are associated with whether surgical intervention is necessary for patients with 
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sOVCF. Some researchers have reported that a severe collapse fracture of the vertebral body is a relative contraindication 
for vertebroplasty.7–9 However, some studies have reported that PKP is an effective treatment intervention for 
sOVCF.10,11

Microfractures occur on the basis of osteoporosis, and such microfractures damage the small arteries supplying blood 
to the vertebral body, thus affecting the blood supply to the vertebral body, and eventually lead to the occurrence of 
intravertebral cleft (IVC) sign. The incidence of IVC is found in approximately 7–13% of patients with OVCF,12 and the 
time of IVC appearance usually varies from several weeks to months after fracture. The pathogenesis of OVCF with IVC 
is still unclear. Kim et al13 reported that IVC was a result of bone ischemic necrosis in OVCF. OVCF with IVC is 
different from common OVCF, which may not respond to conservative treatment. Previous studies have reported that 
PKP was an effective surgical treatment for OVCF with IVC,14,15 and pain reduction and vertebral body height 
restoration are the main purposes of treating OVCF with PKP.7,16

However, in-depth studies on the long-term results of PKP in sOVCF with IVC and sOVCF without IVC are less, and 
only a few detailed studies have investigated the effect of PKP on the spinopelvic sagittal balance in OVCF. Therefore, in 
this retrospective study, we aimed to compare the clinical and radiographic outcomes of PKP in elderly patients with 
sOVCF with or without IVC.

Materials and Methods
Patients
Inclusion criteria: (1) a single-level compression fracture of the lumbar spine; (2) the fractured vertebrae collapsed to less 
than one-third of their original height; (3) patients with osteoporosis (T < −2.5) on dual-energy X-ray absorptiometry 
(DEXA); (4) patients > 60 years of age. (5) the period of fracture within 2 to 6 weeks. (6) patients with obvious back 
pain, but no symptoms of nerve damage.

Exclusion criteria: (1) other spine-related diseases, such as ankylosing spondylitis, spinal tuberculosis, and spinal 
tumors; (2) surgical interventions at the spinal alignment during follow-up; (3) patients who died or were unable to 
complete 36 months of follow-up.

With reference to the strict inclusion and exclusion criteria, 75 patients between January 2016 and December 2018 
were enrolled in this study. According to the preoperative CT and MRI of each patient, the three co-authors determined 
the fracture segment, the degree of fracture compression, and whether there was IVC. If there was IVC, they were 
divided into IVC group, if not, they were divided into NIVC group. All patients’ data were sourced from the electronic 
medical record management system of our hospital. This study was approved by the Ethics Committee of our institution.

Surgical Procedure
All patients were placed in the prone position after administering general anesthesia on the surgical table The fractured 
vertebra was localized with C-arm fluoroscopy. Guidewires were inserted into the fractured vertebral body along the 
bilateral pedicle. A working cannula was inserted along the guidewire. Balloon tamps were inserted through the cannula 
and placed in the anterior portion of the vertebral body in the lateral view. The fractured vertebra was reduced by 
gradually inflating the balloon. This balloon was then deflated and removed. The polymethylmethacrylate (PMMA) 
cement was slowly inserted into the cavity formed by the balloon. Incremental temperature cement delivery and graded- 
infusion techniques were applied at our hospital to minimize the leakage rate.17 The cement injection and leakage were 
monitored through C-arm fluoroscopy during the surgery.

During the follow-up period, all patients performed functional exercises of the back muscles and consumed anti- 
osteoporosis drugs under the guidance of their doctors.

Radiographic Evaluation
The bone mineral density (BMD) was assessed as a T score in the lumbar spine with DEXA (Discovery Wi, Hologic, 
America). The radiographic evaluation was conducted by blind method. Three co-authors measured each parameter of 
the same patient, and the data difference of each parameter was less than 5%, indicating that the measurement of the 
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three co-authors has stability and reliability. The mean value of the three results measured for each parameter was 
used for analysis. Changes in the anterior vertebral height (AVH), kyphotic angle (KA), lumbar lordosis (LL), sacral 
slope (SS), pelvic incidence (PI), and pelvic tilt (PT) were measured using lateral X-ray radiographs (Figure 1). The 
AVH ratio was determined by the ratio of the anterior height of the fractured vertebrae to the average anterior height 
of the upper and lower adjacent vertebrae. The local KA was defined by Cobb’s method as the angle between the 
upper endplate of the vertebrae above and the lower endplate of the vertebrae below the fractured segment. The 
following parameters of the spinopelvic sagittal balance were measured:18 LL was defined as the angle between the 
upper endplate of the L1 and S1 vertebrae by Cobb’s method. PI was formed by the vertical line to the midpoint of 
the sacral plate and the line between the midpoint of the sacral plate of the S1 and the centroid of the femoral heads. 
PT was formed by the angle between the line connecting the midpoint of the sacral endplate with the axis of the 
femoral heads and the vertical line. SS was defined as the angle formed between the upper endplate of S1 and the 
horizontal line.

Clinical Evaluation
For the measurement of clinical outcomes, all patients filled out the following questionnaires preoperatively, 1 month 
after surgery, 1 year after surgery, and at the final follow-up. ODI scores were recorded to assess the patients’ 
improvement in quality of life and VAS scores for back pain to evaluate the patients’ subjective pain perception (0–10 
score, 0 = no pain, 10 = extremely severe pain).19

Statistical Analysis
Statistical analyses were performed with SPSS software (SPSS 23.0, USA). The results were presented as the mean 
±standard. The independent sample t-test and the one-way ANOVA were applied for inter-group comparisons at different 
time points. The repeated-measures ANOVA was applied for intra-group comparisons at different timepoints. P < 0.05 
was considered to indicate statistical significance.

Results
Demographic Data
The demographic data of both groups are presented in Table 1. We included a total of 75 elderly patients who received 
PKP and completed the final follow-up in this study. The average age of the included patients was 70.79 ±5.85 years old. 
Male patients (25.33%) were less than female patients (74.67%), and L1 (45.33%) was the most common fractured 
segment in the lumbar spine. No significant difference was found between the two groups with respect to age, gender, 
and fractured segment (P > 0.05). The mean body mass index (BMI) in the NIVC group was slightly higher than that in 
the IVC group; however, the difference was not statistically significant (P > 0.05). The mean BMD of all patients was 
−3.32±0.50, and no significant difference was found between the two groups (P > 0.05). The time between fracture and 
surgery in the IVC group was slightly higher than that in the NIVC group; however, the difference was not statistically 
significant (P > 0.05). Many patients had different comorbidities, such as hypertension, diabetes, hyperlipidemia, or 
smoking habits, in both groups. However, no significant difference was found between the two groups (P > 0.05). The 
average follow-up duration of all patients was 44.45 ±6.60 months, and no significant difference was found in the follow- 
up durations between the two groups (P > 0.05).

Radiographic Outcomes
All radiographic data are presented in Table 2. No significant difference was found in the preoperative radiographic 
data between the two groups, which included AVH, KA, LL, PI, PT, and SS (P > 0.05). AVH, KA, and LL in the 
two groups were significantly corrected one month after surgery (P < 0.05). A statistically significant difference was 
found in AVH and KA between the two groups one year and three years after surgery (P < 0.05), and in LL and PT 
three years after surgery (P < 0.05). Compared with the results of one-month after surgery, AVH, KA, and LL in the 
IVC group deteriorated significantly at one year and three years after surgery, whereas AVH, KA, and LL in the 
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Figure 1 Plain lateral radiograph for measuring radiographic parameters. 
Abbreviations: AVH, anterior vertebral height; KA, kyphotic angle; LL, lumbar lordosis; SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt.
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Table 1 General Characteristics of the Patients

Full Sample IVC NIVC P-value

Number of patients 75 35 40
Age (years) 70.79±5.85 70.66±6.48 70.90±5.31 0.859

Gender (male/female) 19/56 8/27 11/29 0.645

Fractured segment (n) 0.880
L1 34 15 19

L2 21 10 11

L3 8 3 5
L4 8 5 3

L5 4 2 2
BMI (kg/m2) 25.14±3.64 24.45±3.52 25.75±3.68 0.123

BMD (T-score) −3.32±0.50 −3.41±0.45 −3.25±0.54 0.158

Fluid in cleft (n) 25 25 -
Air in cleft (n) 10 10 -

Time from fracture to operation (weeks) 3.71±1.14 3.93±1.19 3.46±1.04 0.075

Comorbidities (n)
Hypertension 36 15 21 0.404

Diabetes 24 10 14 0.552

Hyperlipidemia 21 8 13 0.353
Smoking 39 16 23 0.308

Follow-up (months) 44.45±6.60 44.17±7.06 44.70±6.25 0.732

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

Table 2 Comparison of Radiographic Parameters Between the Two 
Groups

IVC (n=35) NIVC (n=40) P-value

AVH (%)

Preop 25.35±3.10 26.20±3.25 0.250
Postop 1m 53.18±7.59* 53.92±8.18* 0.688

Postop 1y 47.10±6.55# 50.52±7.10 0.034
Postop 3y 40.58±4.72# 45.70±5.36# <0.001

KA (°)

Preop 26.74±7.43 26.12±8.23 0.735

Postop 1m 19.91±4.16* 18.98±5.42* 0.408
Postop 1y 22.77±3.42# 20.25±6.13 0.034
Postop 3y 25.43±2.56# 23.03±5.10# 0.014

LL (°)
Preop 41.43±10.72 41.30±11.62 0.961

Postop 1m 46.11±9.68* 45.98±7.71* 0.945

Postop 1y 43.94±8.38# 44.20±7.70 0.890
Postop 3y 38.89±6.24# 42.13±7.07# 0.040

PI (°)

Preop 55.06±10.25 54.73±10.24 0.889
Postop 1m 55.80±9.65 55.43±10.05 0.870

Postop 1y 55.57±8.87 55.03±9.65 0.800

Postop 3y 55.00±8.65 54.60±9.96 0.846
PT (°)

Preop 25.94±8.47 24.65±6.43 0.456

Postop 1m 24.20±8.37 23.93±5.87 0.868

(Continued)
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NIVC group deteriorated significantly three years after surgery (P < 0.05). During follow-up, no significant 
difference was found in PI and SS between the two groups (P > 0.05). One typical case from both groups is 
shown in Figures 2 and 3, respectively.

Figure 2 Preoperative sagittal lateral view (A), sagittal computed tomographic scan (B), sagittal fat-suppressed sequence in MRI (C), sagittal lateral view at one month after 
operation (D), sagittal lateral view at one year after operation (E) and sagittal lateral view at three years after operation (F) of a 67-year-old female patient with L1 sOVCF 
with IVU.

Table 2 (Continued). 

IVC (n=35) NIVC (n=40) P-value

Postop 1y 26.20±6.78 24.85±5.65 0.350

Postop 3y 28.17±5.84 25.48±5.44 0.042
SS (°)

Preop 29.11±11.82 30.08±10.89 0.715

Postop 1m 31.60±12.21 31.50±10.46 0.970

Postop 1y 29.37±10.62 30.18±10.37 0.742
Postop 3y 26.83±9.78 29.13±9.73 0.312

Notes: Preop, preoperation. Postop 1m, one month after operation. Postop 1y, 
one year after operation. Postop 3y, three years after operation. Font bold indicates 
statistical difference, P<0.05. *compared with Preop, P<0.05. #compared with Postop 
1m, P<0.05. 
Abbreviations: AVH, anterior vertebral height; KA, kyphotic angle; LL, lumbar lordo-
sis; SL, segmental lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope.
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Functional Outcomes
The functional outcomes are presented in Table 3. No significant difference was found in the preoperative VAS and ODI 
scores between the two groups (P > 0.05). The VAS and ODI scores in both groups were significantly lower at one 
month, one year, and three years after surgery than those before surgery (P < 0.05), and a statistically significant 
difference was found between the two groups at three years after surgery (P < 0.05).

Discussion
In the present study, both groups achieved satisfactory clinical outcomes after PKP. Compared with the preoperative 
outcomes, the VAS and ODI scores in the two groups were significantly lower with distinct pain relief, indicating 
that the quality of life of patients after PKP was significantly improved. We showed that AVH and KA in the two 
groups were significantly corrected one month after surgery, and they were maintained at final follow-up in patients 
even though varying degrees of deterioration were observed during the follow-up. The results indicated that PKP 
was satisfactory for patients with sOVCF in restoring vertebral height and correcting kyphosis angle. No significant 
difference was found in VAS scores, ODI scores, AVH, and KA between the two groups one month after surgery. 
Therefore, we assumed that PKP is an effective method for the treatment of sOVCF, and no significant difference 
was found in the short-term clinical outcomes of sOVCF with or without IVC. This result was consistent with the 
results of previous studies.14,15

Figure 3 Preoperative sagittal lateral view (A), sagittal computed tomographic scan (B), sagittal fat-suppressed sequence in MRI (C), sagittal lateral view at one month after 
operation (D), sagittal lateral view at one year after operation (E) and sagittal lateral view at three years after operation (F) of a 71-year-old female patient with L1 sOVCF 
without IVU.
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Even though the patients in both groups achieved satisfactory short-term clinical results after PKP, a gradual decrease 
was found in AVH and KA progression in the two groups. Moreover, AVH and KA in the IVC group progressed more 
aggressively than those in the NIVC group during the follow-up. The results can be due to the following reasons. The 
incomplete distribution of bone cement and the decrease in vertebral stiffness in severely compressed vertebrae gradually 
lead to the decrease in AVH and KA progression post-surgery. Because of extremely severe vertebral compression prior 
to surgery, the postoperative AVH and KA of the injured vertebrae were still difficult to attain the ideal level of normal 
vertebrae, which would increase the stress in the injured anterior column of the vertebral body. Lastly, even though all 
patients in this study underwent an anti-osteoporosis treatment after PKP, the treatment process was slow, and fragile 
bone could decrease postoperative AVH and KA. Moreover, the maintenance of AVH and KA in the IVC group was 
worse than those in the NIVC group during follow-up. This may be associated with the spatial distribution of bone 
cement. In the IVC group, after the bone cement was injected into the vertebral body to concentrate in the vertebral 
fissure, it hindered the further dispersion of bone cement, which resulted in the massive blocky distribution of bone 
cement in the vertebral body. In the NIVC group, after the bone cement was injected into the vertebral body to slowly 
diffuse along the bone trabecula to the whole vertebral body, the bone cement was evenly distributed radially in the 
vertebral body. However, the bulky distribution of bone cement led to an uneven distribution of vertebral stiffness, which 
reduced the contact between bone cement and bone. This could easily cause bone loss and even fracture. Some previous 
studies have also reported this phenomenon.15,20

Spine sagittal balance is one of the most important factors to determine the outcome of spinal treatment 
interventions. It is the state of maintaining a stable, standing posture with minimal muscle strength.21,22 Patients 
with OVCF often face severe spinal deformities, especially those with sOVCF. The imbalance in the spinal sagittal 
plane is mainly due to the gradual deterioration in the spinal deformity, which affects the compensatory ability of the 
pelvis, spine, and lower limbs. Zhang et al23 reported that OVCF often causes local kyphosis and changes the local 
sagittal alignment of the spine, and multiple vertebral compression fractures can cause spinal sagittal imbalance. 
However, it is unknown whether PKP can improve the angular parameters due to vertebral fractures and improve 
spinal sagittal balance in patients with sOVCF. Zhong et al24 analyzed the effects of PKP on the sagittal balance 
parameters of 90 patients with OVCF. They reported that PKP improved global sagittal spinal alignment, especially 
fractures, in the thoracolumbar region. Yokoyama et al25 reported that PKP can improve total sagittal imbalance by 
alleviating local kyphosis in 21 patients. In this study, the postoperative increase in LL indicated that the reduction of 
local KA can contribute to the partial correction of sagittal imbalance in patients with sOVCF. Three spinopelvic 
sagittal balance parameters, namely PI, PT, and SS, did not improve after surgery and their improvement did not 
appear at the final follow-up in our study. The above results can be due to the following two reasons: The elderly 
patients are often inactive and lack daily activities post-surgery. Therefore, the effects of PKP on spinopelvic sagittal 

Table 3 Comparison of Functional Outcomes Between the Two Groups

IVC (n=35) NIVC (n=40) P-value

VAS
Preop 7.83±0.79 7.55±0.85 0.146

Postop 1m 3.51±0.81* 3.28±0.78* 0.200

Postop 1y 2.06±0.87* 1.85±1.12* 0.380
Postop 3y 2.46±0.92* 2.03±0.86* 0.039

ODI

Preop 56.57±10.61 55.78±10.25 0.742
Postop 1m 25.31±2.84* 24.98±2.58* 0.589

Postop 1y 18.20±5.31* 17.40±5.48* 0.524
Postop 3y 21.69±5.11* 19.23±4.68* 0.033

Notes: Preop, preoperation. Postop 1m, one month after operation. Postop 1y, one year after 
operation. Postop 3y, three years after operation. Font bold indicates statistical difference, P<0.05. 
*compared with Preop, P< 0.05. 
Abbreviations: ODI, Oswestry disability index; VAS, visual analogue scale.
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balance may not be completely observed during the follow-up. Elderly patients with osteoporosis may have a certain 
degree of spinal deformity even before the vertebral fracture. Therefore, even though PKP restored the height of the 
fractured vertebral body and corrected KA, the effects of PKP on spinopelvic sagittal balance may not be significant. 
However, these are only our hypotheses and require deeper research and longer follow-ups for confirmation.

Previous studies have reported that satisfactory clinical outcomes are associated with the restoration of sagittal 
balance after spinal surgery.26,27 For patients with sOVCF, the reduction of the injured vertebral height can lead to 
kyphosis progression, which causes an anterior shift in the center of gravity and decreases LL. Posterior rotation of the 
pelvis occurs and decreases SS and increases PT to compensate for the decrease in LL. The spinal sagittal imbalance was 
majorly associated with chronic lower back pain in adults.28 An increased KA extends the posterior muscles and causes 
chronic pain. Sung-Soo et al29 reported that patients with PT improvement showed significantly better VAS and ODI 
scores than those without improvement. Furthermore, in patients with improved PT, the improvement in clinical 
outcomes was associated with postoperative LL.30 During the final follow-up, have found a significant difference in 
LL and PT between the two groups, which may account for the differences in ODI and VAS scores between the two 
groups during the final follow-up.

This study has many limitations. This is a retrospective comparative study, and the sample size was relatively 
insufficient. We did not include the types and number of complications in all patients during the follow-up period, and we 
lacked relevant information about complications. We only included patients with a time of fracture within 2 to 6 weeks to 
reduce the interference of surgical timing on postoperative efficacy to a certain extent. However, the time of IVC usually 
varied from several weeks to months after fracture; therefore, we excluded patients with a long time of fracture, which 
may cause some deviation in the results. Because some images did not contain complete bilateral femoral heads, we 
mainly determined the position of the center of the femoral heads by observing the morphology of the acetabulum in such 
cases, which may lead to a certain deviation in the measurement of the PI and PT angle. Therefore, prospective 
randomized controlled studies are required in the future. Future studies should investigate whether significant differences 
are present in the complications between the two groups.

Conclusions
In conclusion, PKP can give satisfactory clinical and radiographic outcomes in patients with sOVCF with or without 
IVC. However, compared to the NIVC group, the IVC group is more prone to have the loss of AVH and progression of 
KA, and it could be not as good as the NIVC group in maintaining spinal sagittal balance during long-term follow-up. 
Therefore, we suggest that more attention should be paid to anti-osteoporosis and other rehabilitation treatments after 
PKP in patients with sOVCF along with IVC.

Abbreviations
OVCF, osteoporotic vertebral compression fracture; sOVCF, severe osteoporotic vertebral compression fracture; PKP, 
percutaneous kyphoplasty; IVC, intravertebral cleft; NIVC, without intravertebral cleft; DEXA, dual-energy X-ray 
absorptiometry; BMD, bone mineral density; AVH, anterior vertebral height; KA, kyphotic angle; LL, lumbar lordosis; 
SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt; ODI, Oswestry disability index; VAS, visual analog scale; BMI, 
body mass index.
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