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Abstract

BACKGROUND

Osteoporotic vertebral compression fractures (OVCFs) contribute to back pain
and functional limitations in older individuals, with percutaneous vertebroplasty
(PVP) emerging as a minimally invasive treatment. However, further height loss
post-PVP prompts investigation into contributing factors.

AIM

To investigate the factors associated with further height loss following PVP with
cement augmentation in OVCF patients.

METHODS

A total of 200 OVCEF patients who underwent successful PVP between January
2021 and December 2022 were included in this study. “Further height loss” during
1 year of follow-up in OVCF patients with bone edema was defined as a vertical
height loss of = 4 mm. The study population was divided into two groups for
analysis: The “No Further Height Loss group (n = 179)” and the “Further Height
Loss group (n = 21).”

RESULTS

In comparing two distinct groups of patients, significant differences existed in
bone mineral density (BMD), vertebral compression degree, prevalence of
intravertebral cleft (IVF), type of bone cement used, and cement distribution
patterns. Results from binary univariate regression analysis revealed that lower
BMD, the presence of IVF, cleft distribution of bone cement, and higher vertebral
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compression degree were all significantly associated with further height loss. Notably, the use of mineralized
collagen modified-poly(methyl methacrylate) bone cement was associated with a significant reduction in the risk of
further height loss. In multivariate regression analysis, lower BMD and the presence of IVF remained significantly
associated with further height loss.

CONCLUSION

Further height loss following PVP in OVCEF patients is influenced by a complex interplay of factors, especially
lower BMD and the presence of IVF. These findings underscore the importance of assessing and managing these
factors when addressing height loss following PVP in OVCF patients.

Key Words: Percutaneous vertebroplasty; Osteoporotic vertebral compression fractures; Further height loss; Bone mineral
density; Intravertebral cleft
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Core Tip: This research represents a significant contribution to the field of spinal surgery and osteoporosis management. We
believe that the findings from our study provide valuable insights into the factors influencing height loss in patients with
osteoporotic vertebral compression fractures (OVCFs) following percutaneous vertebroplasty (PVP). Our study is based on a
1-year follow-up of 200 OVCF patients who underwent successful PVP between January 2021 and December 2022.
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INTRODUCTION

The World Health Organization has defined osteoporosis as a systemic bone disorder characterized by a concurrent
decrease in bone mass and structural deterioration of bone tissue[1]. This phenomenon results in augmented bone
fragility and a heightened propensity for fractures[2]. Vertebral compression fractures are among the most common type
of fracture in patients with osteoporosis[3]. Osteoporotic vertebral compression fractures (OVCFs) are a common cause of
both acute and chronic back pain in older populations, although only about one-third of radiographic OVCF deformities
present with acute pain[4]. Both symptomatic and asymptomatic osteoporotic vertebral fractures can lead to substantial
spinal deformity, functional limitation, pulmonary compromise and decreased quality of life[5,6].

Nonsurgical treatment methods for OVCFs encompass a range of conservative approaches including bed rest, calcium
and vitamin D supplementation, physical therapy, analgesic medications, hormone replacement therapy, and the use of
orthopedic supports[7-9]. However, these conventional strategies often fail to effectively alleviate the pain linked with
vertebral compression fractures, while subjecting patients to extended bed rest, thereby elevating the susceptibility to
complications such as aspiration pneumonia, urinary tract infections, and pressure sores[10]. Percutaneous vertebroplasty
(PVP) has emerged as a minimally invasive alternative, which involves percutaneous puncture guided by imaging,
utilizing a posterior approach along the pedicle direction to introduce specific material into the affected vertebral body
[11]. The first PVP by Galibert et al[12] used to treat a painful cervical haemangioma in a 54-year-old woman, which was
performed by a French team in 1984 and reported in the literature in 1987, leading to immediate and lasting pain relief,
with positive outcomes during follow-up. Subsequent applications of this technique include its utilization by Kae-
mmerlen et al[13] in treating vertebral metastatic tumors and by Lapras et al[14] for addressing vertebral osteoporosis.

Presently, PVP is widely employed across fields encompassing vertebral tumors, multiple myeloma, vertebral collapse
[11,15]. Furthermore, PVP has become a primary minimally invasive treatment strategy for OVCFs, providing rapid pain
relief and essential support to the fractured vertebrae[16]. However, further height loss during the follow-up of treated
baseline OVCFs has been observed in 8%[17] and 12%[18] of patients after PVP.

The purpose of this study was to investigate the factors associated with further height loss following PVP with cement
augmentation in OVCF patients and to enhance our understanding of the outcomes and variables affecting this
procedure.
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MATERIALS AND METHODS

Study population

A total of 200 patients with OVCFs, who underwent first-time PVP with successful completion of the procedure between
January 2021 and December 2022 at our institution, were included in this analysis. Inclusion criteria for this study were
individuals with a T-score of less than -2.5 in lumbar spine bone mineral density (BMD) assessments, confirming
osteoporosis[19], and the detection of vertebral compression fractures on spine radiographs, characterized by a minimum
loss of 15% of vertebral height[18]. Additionally, participants were required to have experienced back pain lasting less
than 6 wk, present with a single vertebral body fracture indicative of osteoporosis, and exhibit evidence of bone edema in
current Short Tau Inversion Recovery magnetic resonance imaging (MRI). Exclusion criteria were individuals with
multiple vertebral body fractures, fractures attributed to underlying skeletal pathologies, concurrent limb fractures,
hypersensitivity to bone cement, severe cardiopulmonary comorbidities, intractable coagulopathy, infection, suspicion of
an alternative underlying malignancy, radicular syndrome, myelum compression syndrome, contraindications for MRI
imaging, or neurological deficits. Patient records, clinical data, and imaging reports were reviewed to gather relevant
information. At baseline, radiography and MRI of the spine were performed independently by two radiologists at
baseline and follow-up imaging. Our follow-up time was 1 year for every included patient. This study was approved by
the Ethics Committee of our hospital. Informed consent was not obtained due to the retrospective nature of the analysis.

Procedures

Patients fasted for 6 h pre-surgery. Using a C-arm fluoroscopy machine, the fractured vertebra location was precisely
marked. The surgical area was disinfected with iodine and then deiodinated with alcohol. Local anesthesia with 1%
lidocaine was administered at the puncture point, targeting the facet joint area. A small incision allowed for bone
puncture needle insertion. Guided by C-arm fluoroscopy, the needle was accurately positioned at the upper outer edge of
the lamina, aligned with the vertebral pedicle projection. The needle angle was adjusted for entry into the vertebral body
through the pedicle. Lateral fluoroscopy ensured that the needle tip did not breach the pedicle's inner edge. The needle
was advanced until being positioned 3 mm from the posterior edge of the vertebral body. After removing the needle core,
a guide wire was inserted, replaced by the working cannula, and the guide wire was withdrawn. A bone drill expanded
the hole into the anterior one-third of the vertebral body. Bone cement, either poly(methyl methacrylate) (PMMA) or
mineralized collagen (MC)-modified PMMA, was meticulously injected directly through the puncture needle. MC-
modified PMMA bone cement (Mendec Spine; Tecres S.P.A., Verona, Italy) consisted of 22.6 g conventional bone cement,
3.4 g MC (Beijing Allgens Medical Science and Technology Co., Ltd., Beijing, China), and 10 mL MMA monomer liquid,
which were thoroughly mixed to achieve the required viscosity. Post-injection, the puncture needle was carefully
retracted, concurrently sealing the inner lumen with a stylus to prevent cement leakage. Bilateral pedicle puncture
injections of bone cement were performed. Patients remained nil by mouth for 4 h post-surgery, received antibiotics twice
daily for 2 consecutive days, and were prescribed bisphosphonates, calcium, and vitamin D. On the second day after the
procedure, as pain relief improved, a gradual reintroduction of weight-bearing activities commenced.

Definitions

Vertebral fractures can be classified into three morphological types: wedge, biconcave, and crush fractures[20]. Classi-
fication criteria for the cement distribution pattern were as follows: cleft type and trabecular type[21]. Cement leakage
and filling were evaluated using X-ray and computed tomography on postoperative day 1. The height of the fractured
vertebral body was measured at its anterior, middle, and posterior thirds, and the smallest of these measurements was
divided by the height of the anterior cortex of the nearest normal vertebral body to determine the percentage of height
loss, namely vertebral compression degree[22,23]. “Further height loss” during the 1 year follow-up of OVCFs with bone
edema was defined as height loss of >4 mm in vertical dimension[17,18].

Data analysis

Descriptive statistics will be used to summarize patient demographics and baseline characteristics. Continuous variables
were presented as means * standard deviations. Categorical variables are presented as frequencies and percentages.
Univariate logistic regression analyses were performed to identify potential risk factors associated with further vertebral
height loss in patients who underwent PVP with cement augmentation. The results of the binary multivariate regression
analysis were based on an approach that considered variables with a significance level of P < 0.10 from the above
univariate analysis, allowing us to explore potential associations with further height loss.

RESULTS

Patient characteristics of OVCF patients who underwent PVP with cement augmentation

The study involved a cohort of 200 patients who completed a 1-year follow-up with spine X-ray assessments. Among
these patients, 75% were female. These individuals exhibited diverse demographic and clinical characteristics, including
an average age of 68.69 years and a mean BMI of 21.13 kg/m?2. Their BMD T-scores ranged from -4.00 to -2.60. The
duration of back pain before the procedure varied from 2 d to 42 d, and vertebral compression degrees spanned from
10.00% to 60.00%. The surgical procedures lasted from 45.00 min to 65.00 min. All patients had a visual analog scale
(VAS) score[24] of 2 5 or an Oswestry disability index (ODI) score[25] of 2 30. IVF was detected in 8.5% (17 of 200) of cases
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on MRI. Regarding vertebral levels, 33% (66 patients) of the fractures were located in the lumbar (L) or thoracic (T)
region, with the remaining 67% (134 patients) in the thoracolumbar region. Regarding vertebral fracture morphology,
49% had wedge-shaped fractures, while 51% had biconcave-shaped fractures. Concerning bone cement usage, the mean
volume of injected cement per vertebral body was 5.12 mL, with a range of 1 mL to 9 mL. Among the patients, 117 cases
received MC-PMMA, while the remaining 83 cases received PMMA.

Comparison of patient characteristics between two distinct groups of OVCF patients who underwent PVP with cement

augmentation

A comparative analysis was conducted on two distinct groups of patients with OVCF who underwent PVP with cement
augmentation (Table 1): Those experiencing “No Further Height Loss (n = 179)” and those exhibiting “Further Height
Loss (n = 21).” The groups demonstrated similar age distributions (P = 0.871) and BMI values (P = 0.783). However, a
significant difference was observed in BMD (T-score), with the Further Height Loss group (median: -3.8, interquartile
range [IQR]: -3.95 to -3.7) showing markedly lower values compared to the No Further Height Loss group (median: -3.2,
IQR: -3.5 to -2.8; P < 0.001). Several factors, including the duration of back pain before the procedure, operation time,
preoperative and postoperative VAS and ODI score, did not exhibit significant differences between the two groups (all P
> 0.05). Notably, the Further Height Loss group had a higher vertebral compression degree (39% vs 26%; P < 0.001) and a
significantly higher prevalence of IVF (71.4% vs 1.1%; P < 0.001). Moreover, differences in the type of bone cement used
were evident, with a significant lower proportion of the Further Height Loss group receiving MC-PMMA compared to
the No Further Height Loss group (63.7% vs 14.3%; P < 0.001). Additionally, there were significant variations in bone
cement distribution patterns, with the majority of the Further Height Loss group exhibiting cleft distribution compared to
the trabecular distribution seen in the No Further Height Loss group (P < 0.001). Additionally, no differences were
observed in the morphology of vertebral fractures, vertebral level, bone cement volume, and the presence of cement
leakage (all P > 0.05). The length of hospital stay was similar between the groups, with a median of 8 d (P = 0.544).

Table 1 Comparison of patient characteristics between two distinct groups of patients with osteoporotic vertebral compression fracture

who underwent percutaneous vertebroplasty with cement augmentation

Characteristics No Further Height Loss, n =179 Further Height Loss, n = 21 P value

Age in years 68.72+£7.93 68.43 £ 6.67 0.871

Sex 0.110

Male 48 (26.8%) 2(9.5%)

Female 131 (73.2%) 19 (90.5%)

BMI in kg/m? 21.14 £1.61 21.04+£1.63 0.783

BMD by T-score -3.2(-3.5t0-2.8) -3.8 (-3.95 t0 -3.7) <0.001

Back pain before procedure in d 20.59 +7.06 19.9 +6.83 0.776

Vertebral compression degree 26% (16%-37%) 39% (32.5%-42.5%) <0.001

Operation time in minutes 54.72 £5.95 54.29 £5.62 0.750

Preoperative VAS 747 +1.79 719+15 0.092

Postoperative VAS 4.45+2.01 4.05+1.88 0.062

Preoperative ODI 40.84 £6.12 39.86 £5.77 0.154

Postoperative ODI 20.59 +7.06 19.9+6.83 0.135

Presence of intravertebral cleft on MRI <0.001

Yes 2(1.1) 15 (71.4)

No 177 (98.9) 6 (28.6)

Morphology 1.000

Wedge 88 (49.2) 10 (47.6)

Biconcave 91 (50.8) 11 (52.4)

Vertebral level 0.126

Lumbar (L) or Thoracic (T) 63 (35.2) 3 (14.3)

Thoracolumbar (TL) 116 (64.8) 18 (85.7)

Bone cement <0.001
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MC-PMMA 114 (63.7) 3 (14.3)
PMMA 65 (36.3) 18 (85.7)

Bone cement volume in mL 5.03 +£2.34 582 +2.49 0.151
Bone cement distribution <0.001
Trabecular 119 (66.5) 2(9.5)

Cleft 60 (33.5) 19 (90.5)

Filling from Inferior to Superior Endplate 0.211
Yes 35 (71.4) 2(9.5)

No 144 (28.6) 19 (90.5)

Bone cement leakage 0.194
Yes 135 (75.4) 13 (61.9)

No 44 (24.6) 8(38.1)

Length of hospital stay in days 8 (6-9) 8 (7-9) 0.544

Data are n (%). BMD: Bone mineral density; IVF: Intravertebral cleft; MC-PMMA: Mineralized collagen modified-poly(methyl methacrylate); ODI:
Oswestry disability index; VAS: Visual analog scale.

Results of binary univariate regression analysis

The results of the binary univariate regression analysis, as presented in Table 2, reveal significant associations with
further height loss among OVCF patients undergoing PVP with cement augmentation. Lower BMD (T-score) exhibits a
robust negative association, significantly increasing the risk of further height loss [odds ratio (OR) = 0.003, 95%
confidence interval (CI): 0.000-0.030; P < 0.001]. Conversely, the presence of an IVF (OR = 221.250, 95%Cl: 41.035-1192.920;
P <0.001) and cleft distribution of bone cement (OR = 18.842, 95%CI: 4.248-83.578; P < 0.001) demonstrate substantial
positive associations, significantly elevating the risk. A higher vertebral compression degree is also linked to an increased
risk of further height loss (OR = 1.048, 95%Cl: 1.014-1.082; P = 0.005). Although the impact of vertebral level on further
height loss is borderline significant (OR = 3.259, 95%CI: 0.924-11.490; P = 0.066), it may still exert a moderate effect.
Additionally, the use of MC-PMMA bone cement significantly decreases the risk (OR = 0.095, 95%CI: 0.027-0.335; P <
0.001). Notably, other variables, including age, sex, BMI, operation time, preoperative and postoperative VAS and ODI
scores, back pain before the procedure, morphology of vertebral fractures, bone cement volume, filling from inferior to
superior endplate, bone cement leakage, and length of hospital stay, do not exhibit significant associations with further
height loss (all P > 0.05).

Results of the binary multivariate regression analysis

As demonstrated in Table 3, lower BMD (T-score) was significantly associated with a higher risk of further height loss,
with an OR of 0.036 (95%CI: 0.001-0.996; P = 0.045). The presence of an IVF showed a highly significant association with
further height loss, with an OR of 163.189 (95%CI: 9.493-2805.209; P < 0.001). By contrast, vertebral compression degree,
vertebral level (thoracolumbar vs lumbar and thoracic) and the type of bone cement used (MC-PMMA vs PMMA) did not
exhibit significant associations with further height loss. The type of bone cement distribution (cleft vs trabecular)
demonstrated a borderline significant association (OR: 11.852, 95%CI: 0.739-190.132; P = 0.081), indicating a potential
moderate impact.

DISCUSSION

Further height loss following PVP with cement augmentation is a complex and multifactorial process, encompassing
intrinsic vertebral factors and surgical-related factors. PVP offers immediate pain relief and stabilization of the fractured
vertebral body through minimally invasive PMMA bone cement injection, widely employed in OVCF treatment[26]. In
our study, we observed significant differences in the choice of bone cement, with a notably lower proportion of patients
in the Further Height Loss group receiving MC-PMMA compared to those in the No Further Height Loss group (63.7% vs
14.3%). Our analysis demonstrated that MC-PMMA bone cement significantly reduced the risk of further height loss (OR
= 0.095, 95%CI: 0.027-0.335), as shown in the results of binary univariate regression analysis. This benefit may be
attributed to MC-PMMA''s capacity to provide ample mechanical support for vertebral height restoration while simultan-
eously reducing stress on the vertebral body's endplate. This creates a durable and stable structure within the vertebral
body over an extended period[27]. Liebschner et al[28] reported that vertebral body strength recovery was closely related
to bone cement distribution. In our study, we observed significant variations in bone cement distribution patterns, with
the Further Height Loss group predominantly showing cleft distribution, in contrast to the trabecular distribution in the
No Further Height Loss group. Consistently, a previous study found that trabecular-type distribution (vertebrae with
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Table 2 Results of the binary univariate regression analysis revealed significant associations with further height loss among

osteoporotic vertebral compression fracture patients undergoing percutaneous vertebroplasty with cement augmentation

Parameter B SE Wals P value OR (95%Cl)

Age in years -0.005 0.030 0.027 0.871 0.995 (0.939-1.055)
Sex as male vs female -1.247 0.762 2.677 0.102 0.287 (0.064-1.28)
BMI in kg/m? -0.040 0.144 0.077 0.782 0.961 (0.724-1.275)
BMD by T score -5.925 1.239 22.886 <0.001 0.003 (0.000-0.030)
Presence of intravertebral cleft as yesvsno ~ 5.399 0.860 39.449 <0.001 221.25 (41.035-1192.92)
Operation time in minutes -0.013 0.039 0.102 0.749 0.987 (0.914-1.067)
Preoperative VAS -0.100 0.138 0.526 0.468 0.905 (0.690-1.186)
Postoperative VAS -0.068 0.124 0.295 0.587 0.935 (0.732-1.193)
Preoperative ODI 0.029 0.038 0.564 0.453 1.029 (0.955-1.110)
Postoperative ODI 0.033 0.033 0.973 0.324 1.033 (0.968-1.103)
Back pain before procedure in days 0.005 0.018 0.082 0.775 1.005 (0.970-1.042)
Vertebral compression degree 0.046 0.016 8.060 0.005 1.048 (1.014-1.082)
Morphology as biconcave vs wedge 0.062 0.462 0.018 0.894 1.064 (0.430-2.630)
Vertebral level as thoracolumbar vs lumbar ~ 1.181 0.643 3.376 0.066 3.259 (0.924-11.490)
and thoracic

Bone cement volume in mL 0.147 0.103 2.036 0.154 1.158 (0.947-1.418)
Bone cement distribution as cleft vs 2.936 0.760 14.922 <0.001 18.842 (4.248-83.578)
trabecular

Filling from inferior to superior endplate as  0.837 0.767 1.191 0.275 2.309 (0.514-10.381)
no vs yes

Bone cement as MC-PMMA vs PMMA 2.354 0.643 13.411 <0.001 0.095 (0.027-0.335)
Bone cement leakage as yes vs no -0.636 0.482 1.741 0.187 0.530 (0.206-1.361)
Length of hospital stay in days 0.087 0.134 0.418 0.518 1.090 (0.839-1.418)

BMD: Bone mineral density; CI: Confidence interval; IVF: Intravertebral cleft; MC-PMMA: Mineralized collagen modified-poly(methyl methacrylate); ODI:
Oswestry disability index; OR: Odds ratio; VAS: Visual analog scale.

sponge-like cement filling) better maintained vertebral body height, corrected local kyphosis, reduced the risk of
vertebral body recompression, long-term pain, and restored functions when compared to cleft-type distribution
(vertebrae with compact and solid cement filling)[26]. Moreover, we observed higher vertebral compression degree is also
linked to an increased risk of further height loss.

Bone density (usually measured by T-scores) is a vital indicator of bone mass and is indicative of the degree of bone
density loss in osteoporotic patients, reflecting the increased risk of vertebral fractures resulting from reduced bone
volume and altered bone quality due to the imbalance between bone resorption and formation[29]. Lower bone density
indicates a sparser trabecular bone structure, which in turn elevates bone fragility, making patients more prone to OVCFs
[30]. Consequently, even when vertebral augmentation is performed, postoperative height loss remains a notable concern.
Research, such as the study conducted by Hey et al[31], has confirmed that patients with lower BMD T-scores have a
higher likelihood of experiencing long-term vertebral height loss following surgery. Rho et al[32] conducted a re-
trospective analysis of 147 patients with osteoporotic vertebral fractures who underwent PVP or kyphoplasty treatment.
Among these patients, 27 individuals (18.4%) experienced recurrent fractures or height loss. Statistical analysis revealed
that BMD and the leakage of bone cement into the intervertebral disc were the primary risk factors. Moreover, lower
BMD WAS associated with the recollapse of cemented vertebrae in patients with thoracolumbar OVCF following PVP
[33]. Our study results also indicated a significant distinction in BMD (T-score), with the Further Height Loss group
showing markedly lower values compared to the No Further Height Loss group. Lower BMD (T-score) exhibits a robust
negative association, significantly increasing the risk of further height loss in the binary regression analysis. Therefore, it
can be inferred that the degree of osteoporosis is one of the important factors influencing postoperative vertebral height
loss, emphasizing the necessity for proper and long-term anti-osteoporosis treatment following PVP.

In 1895, Kiimmell first discovered and reported a distinctive medical condition, primarily affecting middle-aged and
elderly patients. This condition typically manifests in the thoracolumbar spine following minor trauma, characterized by
persistent and progressively worsening lower back pain accompanied by an exacerbation of spinal kyphotic deformity
[34]. Radiologically, Kiimmell disease is identified by the presence of IVF or the vacuum phenomenon within vertebral
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Table 3 Results of the binary multivariate regression analysis revealed significant associations with further height loss among

osteoporotic vertebral compression fracture patients undergoing percutaneous vertebroplasty with cement augmentation

Parameter B SE Wals Pvalue OR (95%Cl)

BMD by T score -3.326 1.695 3.850 0.046 0.036 (0.001-0.996)
Presence of intravertebral cleft as yesvsno  5.095 1.451 12.326 <0.001 163.189 (9.493-2805.209)
Vertebral compression degree 0.006 0.041 0.021 0.885 1.006 (0.928-1.090)
Vertebral level as thoracolumbar vs lumbar ~ 0.151 1.018 0.022 0.882 1.163 (0.158-8.552)

and thoracic

Bone cement distribution as cleft vs 2472 1.416 3.049 0.081 11.852 (0.739-190.132)
trabecular

Bone cement as MC-PMMA vs PMMA -1.834 1.501 1.493 0.222 0.16 (0.008-3.026)

BMD: Bone mineral density; CI: Confidence interval; MC-PMMA: Mineralized collagen modified-poly (methyl methacrylate); OR: Odds ratio.

bodies, serving as a hallmark of this condition[35]. During PVP procedures, due to relatively lower intracavity pressure,
bone cement primarily fills the cavity rather than diffusing into the trabecular interstices[36]. As a result, the bone cement
forms clumps within the vertebral body, further increasing local strength. Even with minor external forces, microfractures
can occur within the vertebral body, resulting in a loss of vertebral height. Chen et al[37] conducted a retrospective
analysis of 1800 patients treated with vertebral augmentation for OVCF and found that 90% of cases with preoperative
IVF experienced postoperative vertebral height loss. Therefore, IVF were considered a significant influencing factor in
post-augmentation height loss. In our study, the group experiencing further height loss had a significantly higher
prevalence of IVFE. The presence of an IVF showed a highly significant association with further height loss in both binary
univariate regression analysis (OR = 221.250) and binary multivariate regression analysis (OR = 163.189), underscoring
the importance of IVF as a contributing factor to postoperative vertebral height loss.

CONCLUSION

The occurrence of further height loss following PVP with cement augmentation in OVCF patients is a multifaceted
process influenced by several factors. Lower BMD, the presence of IVF, and higher vertebral compression degrees were
all associated with an increased risk of further height loss. Additionally, the type of bone cement used and its distribution
pattern played a role, with MC-PMMA cement potentially offering a protective effect. However, it is important to note
that in the multivariate analysis, certain factors, such as vertebral compression degrees, as well as bone cement type and
distribution, did not exhibit significant associations, possibly due to sample size limitations or unaccounted-for variables.
Overall, these findings highlight the importance of considering multiple factors in the assessment and management of
height loss following PVP in OVCEF patients.
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