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Background: Few studies have focused on percutaneous kyphoplasty (PKP) in the treatment of thoracic osteoporotic vertebral 
compression fractures (OVCFs) with intervertebral cleft (IVC). Hence, the objective of this retrospective study was to compare the 
clinical and radiographic outcomes of PKP in elderly patients with thoracic OVCFs, with or without IVC.
Methods: A total of 106 patients were enrolled in this study and divided into two groups: the IVC group and the NIVC group 
(without IVC). Radiographic measures included anterior vertebral height (AVH), thoracic kyphosis (TK), lumbar lordosis (LL), pelvic 
incidence (PI), pelvic tilt (PT), and sacral slope (SS). Clinical function measures included Oswestry disability index (ODI) and visual 
analog scale (VAS) scores.
Results: There were no significant differences in the preoperative basic data between the groups classified as IVC and NIVC. 
However, both groups showed significant improvements in AVH and TK throughout the follow-up periods compared to the 
preoperative measurements (P<0.05). The recovery of AVH in the IVC group was found to be inferior to that in the NIVC group 
at 3 years after operation (P<0.05). There were no significant differences in LL, PI, PT and SS in both groups compared with the 
preoperative results and no statistically significant differences between the two groups at the same follow-up time (P>0.05). The VAS 
and ODI scores during all follow-up periods were significantly lower than those before operation (P<0.05). At 3 years after operation, 
the VAS and ODI scores of the IVC group were higher than those of the NIVC group (P<0.05).
Conclusion: PKP is an adoptable measure to treat thoracic OVCFs with or without IVC. Our study revealed that the NIVC group was 
superior to the IVC group in terms of improved vertebral height and pain recovery at long-term follow-up (3 years).
Keywords: percutaneous kyphoplasty, thoracic, osteoporotic vertebral compression fracture, intervertebral cleft, sagittal balance

Background
Aging populations worldwide have raised concerns about osteoporosis and osteoporotic vertebral compression fractures 
(OVCFs), and the incidence of OVCFs continues to increase as the elderly population increases.1 OVCFs are known to 
affect quality of life and mortality by causing persistent pain, kyphosis, and mobility limitation.2 In 1987, Galibert 
introduced vertebroplasty, in which medical bone cement (polymethyl methacrylate) is injected into a fractured vertebra.3 

Subsequently, the utilization of this technique has become widespread in minimally invasive surgery for osteoporotic 
vertebral fractures due to its capacity to promptly alleviate pain and facilitate early recuperation.4 OVCFs often 
frequently manifest in the thoracolumbar spine; however, the thoracic vertebra exhibits distinctive characteristics in 
comparison to the lumbar vertebra, including steep and diminutive pedicles, a reduced angle between the pedicle and the 
vertebral body, and a narrower anterior margin of the vertebral body.5 In response to these characteristics of thoracic 
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vertebrae, PKP for thoracic vertebra is more risky and more difficult to puncture. Vertebrae above T10 are often operated 
on with the extrapedicular approach, which is different from the transpedicular approach of lumbar vertebrae. 
Consequently, it is imperative to differentiate between thoracic osteoporotic compression fractures and lumbar osteo-
porotic compression fractures.

The occurrence of intravertebral cleft (IVC) following OVCF is not a rare phenomenon.6 These clefts, also known as 
intravertebral vacuum phenomena or Kümmell signs, have been extensively documented in the literature on medical 
imaging.7 IVC was first described by Maldague in 1978, has long been considered the result of local bone ischemia 
associated with nonunion vertebral collapse.8 On radiographs, they manifest as a radiolucent shadow within the vertebra, 
appearing as a transverse, linear, or semilunar shape. Magnetic resonance imaging reveals the presence of air or fluid 
accumulation within the cleft.9 IVC is considered a significant risk factor for severe vertebral collapse, progressive 
kyphosis, persistent back pain, and neurological impairments.

Most patients with IVC occur as a benign lesion in OVCFs, but the treatment of OVCFs with IVC was difficult.10 

Although some of the OVCFs with IVC could be fixed up by conservative method, long-term clinotherapy causes various 
complications, such as pain and pneumonia.11 Hence, most patients chose surgical treatment for faster recovery. Many 
surgical approaches have been selected for the treatment of OVCFs with IVC, such as open surgery, percutaneous 
kyphoplasty (PKP) and percutaneous vertebroplasty (PVP).12 PKP is an effective and currently widely used method for 
the treatment of OVCF, the procedure was done usually under local anesthesia, and the patient was well tolerated.1 We 
can also find its advantages in lower bone cement leakage rate and better recovery of vertebral height in follow-up 
radiographic outcomes.11 At the same time, PKP has achieved good results in restoring spinal stability and relieving 
severe pain in patients with OVCFs during the initial follow-up.13

However, there is a scarcity of comprehensive studies examining the long-term effects of PKP on thoracic OVCFs 
with and without IVC. Furthermore, there is a dearth of detailed reports investigating the impact of PKP on spinopelvic 
sagittal balance in thoracic OVCFs. Consequently, the objective of this retrospective study was to compare the clinical 
and radiographic outcomes of PKP in elderly patients with thoracic OVCFs, with or without IVC.

Patients and Methods
Patients
Inclusion criteria were the following: (1) patients over 60 years of age; (2) patients suffered single-level thoracic 
vertebral compression fracture; (3) patients underwent bilateral PKP; (4) patients clinically diagnosed osteoporosis 
patients; (5) patients with back pain but no symptoms of nerve damage.

Exclusion criteria were the following: (1) patients with other spine-related diseases, such as thoracic slippage, 
ankylosing spondylitis, spinal tuberculosis and spinal tumors; (2) history of previous surgical interventions on thoracic 
vertebral; (3) patients whose data was lost during 36 months of follow-up.

Based on rigorous inclusion and exclusion criteria, a cohort of 106 elderly individuals were selected for participation in the 
First Affiliated Hospital of Soochow University. Pertinent patient information, such as age, gender, body mass index (BMI), bone 
mineral density (BMD), time of hospitalization and presence of hypertension, diabetes, hyperlipidemia and smoking status were 
extracted from medical records. Radiographic data pertaining to the patients was assessed by two experienced orthopedic 
surgeons. According to the results of radiographic images, all patients were divided into NIVC group (without IVC) and IVC 
group (with IVC). All data was retrieved from the electronic medical record management system of our institute.

Surgical Procedures and Management
All patients underwent surgery performed by a single group of surgeons utilizing a bilateral approach in a prone position, with 
a cushion placed under the waist and chest. Initially, the fractured vertebra was localized using C-arm fluoroscopy. Subsequently, 
guided by the C-arm, guide needles were inserted through the lateral edges of the bilateral pedicles and gradually advanced 
through the pedicles into the vertebral body. If thin pedicles above T10 were encountered, an extrapedicular approach was used. 
Following this, expansion cannulas were introduced to establish two working channels, through which balloon tamps were 
inserted. Simultaneously, the lateral perspective demonstrates the balloon’s ability to provide support to the fractured vertebra 
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anteriorly and restore its height. Subsequently, the balloon was deflated and extracted, and the needle tips were advanced into the 
IVC of the collapsed vertebral body. A mixture of powder cement polymer and liquid monomer was prepared to form 
polymethylmethacrylate (PMMA) cement. With meticulous fluoroscopic monitoring, PMMA and non-ionic contrast medium 
were cautiously injected into the vertebrae using a bone cement injector. To mitigate the occurrence of bone cement leakage, our 
institution adopted incremental temperature cement delivery and graded infusion techniques.14 During the surgical procedure, 
intraoperative C-arm fluoroscopy was employed to meticulously observe the dispersion and potential seepage of the bone cement 
injection. Subsequently, on the initial postoperative day, the patient exhibited the ability to ambulate with spinal support. 
Throughout the subsequent monitoring period, all patients engaged in functional exercises and adhered to a prescribed regimen 
of anti-osteoporosis medications, as directed by medical professionals.

Radiographic and Clinical Evaluation
We chose sagittal balance as a measure to assess the postoperative improvement in radiographic outcomes. Sagittal 
balance encompasses both pelvic and spinal parameters and goes beyond mere spinal alignment. Anterior vertebral 
height (AVH), thoracic kyphosis (TK), lumbar lordosis (LL), pelvic incidence (PI), pelvic tilt (PT) and sacral slope (SS) 
were evaluated using segmental X-ray radiographs (Figure 1). Spinopelvic parameters were measured on spine radio-
graphs in a standing position. The radiographic film was aligned parallel to both the horizontal and vertical axes, ensuring 

Figure 1 Plain lateral radiograph for measuring radiographic parameters. 
Abbreviations: AVH, anterior vertebral height; TK, thoracic kyphosis; LL, lumbar lordosis; SS, sacral slope; PI, pelvic incidence; PT, pelvic tilt.
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consistent measurement of all radiological parameters using the same instrument settings. All measurements were 
averaged from the results measured by the three co-authors, with a low margin of error. The AVH ratio was determined 
by comparing the anterior height of the fractured vertebrae to the average anterior height of the adjacent upper and lower 
vertebrae. TK was measured using Cobb’s method, which involved calculating the angle between the upper endplate of 
T4 and the lower endplate of T12. This approach was necessary as the visualization of T1 to T3 on lateral spine films is 
often hindered by the presence of shoulders and scapulae.15 LL was determined using Cobb’s method as the angle 
between the upper endplate of the L1 and S1 vertebrae. Pelvic incidence (PI) is defined as the angle between the 
perpendicular to the sacral plate and the line connecting the midpoint of the sacral plate to the centroid of femoral heads. 
Pelvic tilt (PT) corresponds to the angle between the line connecting the midpoint of the sacral plate to the centroid of 
femoral heads and the vertical line. Sacral slope (SS) corresponds to the angle between the sacral plate and the horizontal 
plane, serving as a positional parameter that varies based on the position of the pelvis. As said for the SS, the PT is also 
a positional parameter. The PI represents the algebraic sum of the SS and the PT: PI = SS + PT.

In order to assess clinical outcomes, patients were required to complete a series of questionnaires at various time 
points: before surgery, 1 month after surgery, 1 year after surgery and 3 years after surgery. The Oswestry disability index 
(ODI) scores were utilized to measure the patients’ improvement in quality of life, while the visual analogue scale (VAS) 
scores for back pain were employed to evaluate the patients’ subjective perception of pain (rated on a scale of 0–10, with 
0 indicating no pain and 10 indicating the most severe pain; moderate-to-severe residual back pain was defined as a VAS 
score equal to or greater than 4).1,16 In this study, the back pain we investigated was mainly at levels T4-T12.

Statistical Analysis
Statistical analysis was performed using SPSS 26.0 software, and the results were presented as mean ± standard. Independent t-test 
and One-Way ANOVA were performed to evaluate intergroup differences for continuous variables. Paired sample t-test was used 
to compare preoperative and postoperative differences for continuous variables in the same group.

Results
Patients’ Data
The patients’ data of both groups can be seen in Table 1. Overall, 106 elderly patients who accepted PKP and completed 
final follow-up in our hospital were enrolled into this study. Among them, the average age was 66.14±13.16 years old, 
male patients (23.58%) were less than female patients (76.42%). The mean age of the NIVC group was slightly higher 

Table 1 General Characteristics of the Patients

Full Sample IVC NIVC P-value

Number of patients 106 36 70

Age (years) 66.14±13.16 62.83±12.59 67.84±13.21 0.063

Gender (male/female) 25/81 12/24 13/57 0.090
Fractured segment (n) 0.813

Middle T (T5-8) 25 8 17

Lower T (T9-12) 81 28 53
BMI (kg/m2) 24.36±2.96 24.56±3.50 24.98±3.22 0.125

BMD (T-score) −2.95±0.33 −2.90±0.42 −2.92±0.40 0.530

Comorbidities (n)
Hypertension 33 13 20 0.427

Diabetes 21 6 15 0.560

Hyperlipidemia 25 8 17 0.813
Smoking 11 5 6 0.395

Hospitalization (days) 5.42±0.91 5.53±1.00 5.36±0.87 0.400

Follow-up (months) 40.36±3.33 40.28±3.33 40.40±3.35 0.859

Abbreviations: BMI, body mass index; BMD, bone mineral density.
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than that of the IVC group, but the difference was not statistically significant (P>0.05). There were no significant 
differences between the two groups in terms of gender, fractured segment, BMI and BMD (P>0.05). Many patients in 
both groups had different comorbidities, such as high blood pressure, diabetes, hyperlipidemia, or smoking habits. There 
was no significant difference between the two groups in data of comorbidities (P>0.05). The mean length of hospitaliza-
tion was 5.42±0.91 days, and there was no statistically significant difference between the two groups (P>0.05), and no 
adverse events occurred during hospitalization. Patients’ average follow-up duration was 40.36±3.33 months, and there 
was no significant difference between the two groups (P>0.05).

Radiographic Outcomes
All the radiographic data are shown in Table 2. There was no significant difference between the three groups in the 
preoperative radiographic data, including AVH, TK, LL, PI, PT, and SS (P>0.05). Compared with the results of pre- 
operation, AVH and TK in both IVC and NIVC groups improved significantly at all follow-up periods (P<0.05), but the 
radiographic results deteriorated along with the follow-up time. The change was most pronounced at one-month follow- 

Table 2 Comparison of Radiographic Parameters Between the 
Two Groups

IVC (n=36) NIVC (n=70) P-value

AVH (%)

Preop 63.96±7.00 62.69±11.42 0.551

Postop 1m 92.84±4.91* 94.64±4.06* 0.102
Postop 1y 89.15±6.24* 89.91±3.42* 0.837

Postop 3y 82.26±7.31* 84.38±5.15* 0.045
TK (°)

Preop 32.94±8.72 33.69±9.87 0.585

Postop 1m 30.17±8.38* 30.69±9.11* 0.661

Postop 1y 31.06±7.78* 32.28±9.25* 0.365
Postop 3y 32.83±7.69 33.31±9.23 0.662

LL (°)

Preop 39.86±7.29 40.67±6.60 0.565
Postop 1m 37.83±6.54 38.49±6.76 0.636

Postop 1y 34.69±6.65 35.84±6.62 0.400

Postop 3y 32.31±5.97* 33.71±6.15* 0.262
PI (°)

Preop 46.94±11.45 49.60±9.42 0.205

Postop 1m 46.97±10.55 48.97±9.39 0.322
Postop 1y 47.06±9.52 49.63±9.08 0.177

Postop 3y 47.42±9.43 49.93±8.78 0.177

PT (°)
Preop 18.89±6.75 20.31±5.43 0.242

Postop 1m 19.06±6.41 20.37±5.19 0.257

Postop 1y 19.03±5.43 20.44±4.48 0.155
Postop 3y 18.92±5.37 20.09±4.26 0.225

SS (°)

Preop 28.06±7.85 29.29±7.75 0.443
Postop 1m 27.92±7.22 28.60±7.82 0.663

Postop 1y 28.03±6.71 29.19±7.46 0.436

Postop 3y 28.50±6.79 29.84±6.95 0.344

Notes: *Compared with Preop, P<0.05. Bold text: comparison of IVC and NIVC 
groups, P<0.05. 
Abbreviations: Preop, preoperation; Postop 1m, one month after operation; 
Postop 1y, one year after operation; Postop 3y, three years after operation; AVH, 
anterior vertebral height; TK, kyphotic angle; LL, lumbar lordosis; SL, segmental 
lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope.
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up, with AVH and KT recovering 28.9% and 2.8° in the IVC group and 32.0% and 3.0° in the NIVC group, respectively. 
The improvement decreased with the extension of follow-up time, and the AVH recovery in the IVC group was worse 
than that in the NIVC group at 3 years of follow-up (P<0.05). Compared with pre-operation, LL in both groups decreased 
at the three-year follow-up, the difference was statistically significant (P<0.05), but there was no statistically significant 
difference between the two groups during all follow-up periods (P>0.05). We found that there was no obvious difference 
between the two groups in the data of PI, PT and SS and there was no significant change compared with that pre- 
operation (P>0.05) (One typical case in each group is shown in Figures 2 and 3, respectively).

Clinical Functional Outcomes
The functional outcomes are shown in Table 3. There was no significant difference in the preoperative VSA and ODI 
between the two groups (P>0.05). VAS and ODI of both groups were significantly lower at 1 month, 1 year and 3 years 
after operation than those before operation (P>0.05), but the scores of both groups deteriorated at the 3-year follow-up 
compared to the one-year follow-up. At the 3-year follow-up, VAS and ODI scores were significantly different between 
the two groups (P<0.05), and the indexes of IVC group were higher.

Discussion
OVCFs are becoming a common source of back pain and progressive spinal deformity, reducing quality of life and 
becoming an increasingly serious health problem around the world.17–19 The incidence of IVCs in OVCFs has varied 
from 13.8% to 42.4% in multiple recent studies.20–25 IVC, which is a cavity inside the vertebral body, accounted for 
12.1–42.4% of OVCFs,26 and it is generally considered to be a marker of avascular osteonecrosis of the vertebral 
body.27,28 Most of IVCs occur in the thoracolumbar junction, there is one of the most dynamic of spinal flexion and 
extension.28,29 A number of studies have also shown whether the patient has IVC or PVP surgery provides satisfactory 
clinical and radiological results.11,23,25,30–32 In this study, we selected PKP as our surgical method to compare the clinical 
and radiographic outcomes of patients who suffered thoracic OVCFs, with or without intravertebral cleft.

Figure 2 Preoperative sagittal lateral view (A), sagittal CT 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 64-year-old male patient with T11 OVCF with IVC.
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Spinal sagittal plane parameters are very important evaluation indexes, they involve a delicate integration of 
sensorineural function, spinal anatomy, and biomechanics.33,34 The sagittal balance of the spine is a crucial determinant 
of treatment outcomes and plays a vital role in maintaining a stable standing posture,35 we can often assess the 
progression of lumbar disease by changes in spinal sagittal balance parameters. OVCF patients are often accompanied 
by severe spinal deformities, especially changes in AVH. Chang et al27 demonstrated that pyramidal height and kyphosis 
were significantly corrected and decreased significantly over time in both IVC and NIVC groups after PKP. In our study, 

Figure 3 Preoperative sagittal lateral view (A), sagittal CT scan (B), sagittal T2 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 66-year-old female patient with T5 OVCF without IVC.

Table 3 Comparison of Functional Outcomes Between the 
Two Groups

IVC (n=36) NIVC (n=70) P-value

VAS

Preop 7.64±0.68 7.43±0.94 0.225
Postop 1m 3.64±0.90* 3.44±0.73* 0.111

Postop 1y 1.83±1.06* 1.28±0.85* 0.118

Postop 3y 2.14±0.68* 1.75±0.77* 0.035
ODI

Preop 70.33±9.86 68.11±9.88 0.076

Postop 1m 25.19±2.58* 25.61±3.73* 0.677
Postop 1y 17.39±5.32* 15.22±4.06* 0.404

Postop 3y 22.44±5.82* 18.36±5.15* 0.017

Notes: *Compared with Preop, P< 0.05. Bold text: comparison of IVC and 
NIVC groups, P<0.05. 
Abbreviations: Preop, preoperation; Postop 1m, one month after operation; 
Postop 1y, one year after operation; Postop 3y, three years after operation; ODI, 
Oswestry disability index; VAS, visual analogue scale.
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we examined six variables, namely AVH, TK, LL, PI, PT and SS. The results indicated that AVH exhibited a significant 
increase in both groups across all follow-up periods than preoperation, and TK exhibited a significant reduction in both 
groups across short follow-up periods (1 month and 1 year after operation). To some extent, this indicated that surgical 
treatment had a better recovery effect on the vertebral height of thoracic OVCFs and could improve the thoracic kyphosis 
in a short follow-up period. However, the remaining radiographic indexes did not demonstrate substantial improvement. 
Notably, a statistically significant difference between the IVC and NIVC groups was only observed in AVH at the three- 
year follow-up. This finding supports the conclusion that patients in the NIVC group exhibited superior recovery in 
sagittal balance compared to those in the IVC group and is the most intuitive manifestation of the effect of surgery. 
Simultaneously, the correction of AVH and TK in all groups 1 month after operation indicated that AVH and TK can 
serve as effective indicators for evaluating the therapeutic outcome. Conversely, no notable differences were observed in 
LL, PI, PT and SS between the NIVC group and IVC group. This implies that the existence of IVC in the thoracic spine 
slightly influences the pelvic parameters in sagittal balance subsequent to PKP. Nevertheless, these assertions remain 
speculative and necessitate further investigation and extended follow-up periods for validation.

The functional outcomes of patients who underwent percutaneous kyphoplasty demonstrate significant improvement 
in VAS and ODI scores, which aligns with the findings of other researchers.2,27,36 It is not solely attributed to the surgical 
intervention itself; rather, we posit that the amelioration of sagittal balance, particularly the correction of thoracic 
kyphosis, contributes to a slight enhancement in pain reduction and functional improvement. The mitigation of chronic 
pain resulting from muscle traction in the back is facilitated by the improvement of thoracic kyphosis, and Kim et al37 

also proposed that the improvement of PT and LL after surgery plays an important role in achieving good clinical 
outcomes. The NIVC group demonstrated superior improvement compared to the IVC group following surgery, 
particularly evident at the three-year follow-up. This suggests that the pain recovery efficacy of NIVC group surpasses 
that of the IVC group over an extended recovery period. Li et al38 also found that compared with patients with IVC, pain 
relief was better in patients without IVC. Consequently, it is imperative to implement enhanced rehabilitation interven-
tions aimed at alleviating pain and enhancing the quality of life for IVC patients. These interventions commonly involve 
the utilization of suitable orthoses, the implementation of lumbar and back muscle strengthening exercises and the 
establishment of long-term follow-up procedures, among others.

Overall, it is our belief that PKP is an efficacious approach for managing OVCFs involving thoracic vertebrae with 
IVC. However, there have been concerns regarding the use of PKP for treating OVCFs with IVC in lower thoracic 
vertebrae. A common complication associated with PKP is the leakage of bone cement.21 Nevertheless, a study has 
demonstrated that the rate of cement leakage among patients with IVC was lower compared to those without IVC during 
PKP. The researchers inferred that the presence of an avascular process within the intravertebral cleft, surrounded by 
a fibrocartilaginous membrane, may impede cement leakage.39 In our study, we also found that AVH, scores of VAS and 
ODI improved better in the NIVC group during follow-up after operation than IVC group, and we believed that it was 
related to the special distribution of bone cement in the cleft. Vacuum space of the vertebral body might be increased in 
the IVC group when patients’ posture was changed from standing position to prone position, while the injected cement 
was blocky in the cleft rather than radially distributed as in the NIVC group. The unique distribution pattern of cement in 
this study may lead to reduced contact between cement and cancellous bone, resulting in increased pressure on the 
delicate cancellous bone surrounding the cement block. This pressure could potentially exacerbate the postoperative 
improvement of AVH, TK, VAS and ODI scores.

It is important to note that this study has some limitations. Firstly, the sample size was relatively small, which may 
limit the generalizability of the findings. Additionally, the study design was retrospective and comparative, which 
provides less robust evidence compared to a case–control study. Regarding radiographic outcomes, our study lacked 
sufficient radiological material from follow-up periods, including digital radiography of the pelvis, computed tomography 
(CT) and magnetic resonance imaging (MRI). Consequently, measurements of PI, PT, and SS may have been subject to 
some deviations. In future research, it would be beneficial to include a larger sample size or conduct a randomized 
controlled trial to further explore this topic. We aim to gain a more comprehensive understanding of the optimal 
treatment for thoracic OVCFs with IVC.
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Conclusions
PKP is an effective treatment option for OVCFs affecting thoracic vertebrae, with or without IVC, resulting in 
satisfactory clinical and radiographic outcomes post-surgery. However, the radiographic outcomes and clinical scores, 
as measured by the AVH, VAS and ODI, were inferior in the IVC group compared to the NIVC group, potentially 
attributed to suboptimal distribution of bone cement. Therefore, future advancements in the management of OVCFs with 
IVC should prioritize the improvement of bone cement distribution within the vertebra, and it is advisable to implement 
effective rehabilitation intervention measures, including the use of suitable orthosis and the implementation of lumbar 
back muscle strengthening exercises, among others.

Abbreviations
OVCF, osteoporotic vertebral compression fracture; IVC, intravertebral cleft; NIVC, without intravertebral cleft; PKP, 
percutaneous kyphoplasty; PVP, percutaneous vertebroplasty; PMMA, Polymethylmethacrylate; AVH, anterior vertebral 
height; TK, thoracic kyphosis; LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; SS, sacral slope; CT, computed 
tomography; MRI, magnetic resonance imaging.
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