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INTRODUCTION
Osteoporosis is an age-related disease with a prevalence of 

approximately 30-40% in individuals over 60 and poses a 
particular risk to females.1 As our global population continues 
to age, the incidence of osteoporosis is on the rise, with a 
projected 300 million sufferers by 2030.1 Osteoporosis is 
emerging as a significant global health concern, with a notable 
predilection for females and an increasing incidence among 
individuals aged over 60. Amidst the growing challenges posed 
by an aging population, it becomes important to understand 

the increased risk of osteoporotic fractures (OSF) attributed to 
bone brittleness in the aging population.2

Statistics indicate that OSF occurs in approximately 
30-50% of osteoporosis patients.3 At present, commonly 
employed clinical procedures for managing OSF encompass 
percutaneous vertebroplasty (PVP), kyphoplasty, and 
percutaneous kyphoplasty (PKP), evolving from the earlier 
technique of percutaneous vertebroplasty.4 Assessing the 
degree of fracture injury in patients before and after surgery 
is a crucial aspect of these clinical interventions.5

Thoracolumbar injury severity score (TLICS) serves as a 
conventional tool for assessing fractures, but its applicability 
diminishes in OSF patients. OSF, characterized by low-
energy injuries and distinct fracture morphology compared 
to traditional traumatic fractures, poses a challenge for the 
utility of TLICS in this context.6 Therefore, there is an urgent 
need to identify a more suitable clinical method to evaluate 
the severity of OSF.

The primary cause of OSF lies in the diminished bone 
strength resulting from osteoporosis, determined by both 

ABSTRACT
Objective • This study aims to evaluate and compare the 
therapeutic outcomes and prognoses of osteoporotic 
fracture (OSF) patients undergoing percutaneous 
kyphoplasty (PKP), emphasizing the role of bone mineral 
density T-values (BMD-T) as a guiding factor in the 
surgical intervention for OSF.
Methods • An observational cohort study was conducted, 
and 162 OSF patients admitted to our hospital from 
March 2021 to December 2021 were selected. Patients 
were categorized based on BMD-T into mild (-2.5 ≤ 
BMD-T ≤ -4, n=40), moderate (-4 < BMD-T ≤ -5, n = 78), 
and severe groups (BMD-T < -5, n = 44). All patients 
underwent PKP treatment, and vertebral body (VB) 
lavage fluid was analyzed for calcium (Ca), magnesium 
(Mg), and zinc (Zn) levels. X-ray assessments were 
performed before and after surgery to examine changes in 
wedge and kyphosis angles and VB height. Additionally, 
the Oswestry Disability Index (ODI), Visual Analogue  

Scale (VAS), and Barthel Index (BI) scores were recorded.
Results • The mild group exhibited the highest Ca, Mg, and 
Zn contents in VB lavage fluid, while the severe group had 
the lowest (P < .05). A positive correlation was observed 
between patients’ Ca, Mg, and Zn levels and BMD-T (P < 
.05). The severe group, characterized by lower BMD-T, 
required a higher amount of bone cement injection, 
resulting in more significant differences in wedge angle, 
kyphosis angle, and VB height before and after surgery (P < 
.05). Moreover, the severe group demonstrated a higher 
incidence of postoperative adverse reactions (P < .05). Age, 
bone cement leakage, BMD-T, Ca, Mg, and Zn were 
identified as independent factors influencing post-PKP 
re-fracture in OSF patients (P < .05).
Conclusion • In PKP for OSF, lower BMD-T correlates 
with improved correction but is also associated with a 
higher likelihood of cement leakage. (Altern Ther Health 
Med. [E-pub ahead of print.])
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Bone Mineral Density (BMD) Examination
Prior to the examination, patients were required to 

remove all metal articles. For hip scanning, patients assumed 
a supine position with the detected thigh slightly abducted 
and rotated by 15-25° while their feet were secured with a 
fixing band. The laser marking line was positioned at the 
midpoint of the femur, initiating the scan 3-5cm below the 
pubic symphysis. The scan covered the femoral neck, 
intertrochanteric area, Ward’s area, and the total hip.

The femoral neck was kept parallel to the scanning table, 
preventing a reduction in the scanning area due to femoral 
neck shortening to maintain accuracy. Lumbar spine scans 
were conducted with hips and knees flexed, resting on 
support to straighten the spine on the platform, thereby 
avoiding errors induced by lumbar lordosis. The scanning 
range included the 1st, 2nd, 3rd, and 4th lumbar vertebrae, 
with lumbar segments exhibiting apparent abnormalities 
excluded from the scanning site. BMD-T was calculated as 
the ratio of the bone mineral content to the area of the 
measured site.

BMD−T= Bone Mineral Content / Area of the Measured Site

PKP Therapy Procedure
All PKP procedures were conducted by a consistent 

surgical team within our hospital, ensuring uniformity and 
expertise in the process.

Anesthesia and Patient Positioning. Routine local 
anesthesia was administered, and patients were placed in a 
prone position to facilitate the procedure. 

Needle Insertion and Puncture Process. During the 
operation, a needle with a puncture guide was inserted using 
a unilateral pedicle approach, guided by a C-arm X-ray 
machine. Precision was maintained until the needle tip 
reached the anterior 2/3 of the vertebral body (VB), ensuring 
that both the lateral and frontal needle tips reached the 
vertebral fissure.

Bone Cement Injection. After the inner core was 
removed, the prepared bone cement was loaded into the 
injection syringe. Utilizing high-viscosity bone cement, 
injection into the vertebral fissure was carefully performed 
under the guidance of C-arm fluoroscopy. Monitoring the 
real-time distribution of bone cement in the affected vertebra, 
injection ceased upon detection of cement extravasation or 
reaching the posterior wall of the vertebra.

Device Removal. Subsequently, the needle syringe was 
slowly extracted, and the inner core was reinserted. The 
puncture device was then carefully withdrawn through 
multiple rotations before the bone cement solidified. This 
standardized PKP protocol was consistently followed to 
ensure procedural precision and patient safety.

Analysis of Calcium (Ca), Magnesium (Mg), and Zinc 
(Zn) in Local Lavage Fluid

During the PKP puncture procedure, the fractured VB 
underwent lavage with 5 mL of normal saline through the 

bone mass and bone quality. The bone mineral density 
T-value (BMD-T) serves as a crucial index for quantifying 
bone mass, contributing to approximately 70% of bone 
strength.7 While BMD-T proves effective in detecting the 
onset of osteoporosis, its guidance value for predicting OSF 
is limited.8

With the recent advancements in science and technology, 
the methods and tools for assessing BMD-T have significantly 
progressed, substantially minimizing the potential human 
errors observed in the past.9 In recent studies, BMD-T has 
consistently emerged as a confirmed risk factor for fractures.10 
This observation implies its potential for significant 
advancements in the evaluation of modern OSF. However, 
the existing research on its guiding role in surgical treatment 
remains relatively scarce.

Considering the rising prevalence of OSF, this study 
seeks to compare the therapeutic outcomes and prognoses 
among OSF patients with varying BMD-T following PKP. 
The objective is to validate the guiding significance of 
BMD-T in the prospective surgical management of OSF, 
thereby offering a dependable reference for the clinical 
diagnosis and treatment of individuals facing this condition. 

DATA AND METHODS
Study Design

The research employed an observational cohort design, 
and a total of 162 cases of OSF treated between March 2021 
and December 2021 were carefully selected as research 
participants. These cases were categorized into three groups 
based on their BMD-T: mild (-2.5 ≤ BMD-T ≤ -4, n = 40), 
moderate (-4 < BMD-T ≤ -5, n=78), and severe (BMD-T < 
-5, n = 44). This study adhered strictly to the principles of the 
Declaration of Helsinki, and all research participants 
provided signed informed consent. Ethical approval for this 
study was obtained from the Ethics Committee of Qinghai 
University Affiliated Hospital (P-SL-202192).

Criteria for Patient Enrollment
Patients were enrolled based on specific criteria aligned 

with the clinical manifestations of osteoporosis. Confirmation 
of osteoporosis relied on a bone densitometer (dual-energy 
X-ray bone densitometer, Discovery A, HOLOGIC, USA), 
ensuring a BMD-T of ≤ -2.5.11 Inclusion criteria included: (1) 
the presence of vertebral fractures confirmed by imaging 
examinations; (2) alignment with indications for PKP 
performed in our hospital; (3) a fracture duration of ≥ 1 
week; (4) age exceeding 60 years: (5) complete medical 
records; and (6) a clear and independent state of consciousness 
enabling active participation in this study. 

Exclusion criteria involved: (1) patients with mental 
disorders; (2) cognitive dysfunction; (3) organic diseases; (4) 
abnormal coagulation function; (5) autoimmune diseases; 
and (6) severe liver and kidney dysfunction. These strict 
criteria aimed to ensure a homogeneous and well-defined 
study population.
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Follow-Up Survey. All patients underwent a complete 
follow-up for a duration of 6 months, with regular reviews 
conducted monthly. The cut-off event for analysis was a 
patient’s re-fracture. The prognostic re-fracture rate was 
calculated using the formula:

Re-fracture Rate = (Total Number of Patients Number of 
Patients with Re-fracture During Follow-Up) × 100%

This approach ensured ongoing monitoring of patient 
outcomes and facilitated the assessment of the re-fracture 
risk over the specified follow-up period.

Outcome Indicators
A comprehensive set of indicators was used to ensure a 

thorough evaluation of both primary and secondary 
outcomes, contributing to a nuanced understanding of the 
intervention’s effectiveness and its impact on patient 
outcomes.

Patients’ Clinical Baseline Data. A thorough 
examination of patients’ baseline health information was 
conducted before and after intervention.

Electrolyte Ca, Mg, and Zn Levels and Their 
Correlation with BMD-T. Analysis of electrolyte levels 
(Calcium, Magnesium, Zinc) and their correlation with 
BMD-T was conducted.

Operation-Related Indexes. An in-depth investigation 
into operation-specific metrics, including operation time, 
intraoperative bleeding, and bone cement injection volume, 
was also conducted. 

Improvement of VB. Assessment of changes and 
differences in the wedge angle, kyphosis angle, and VB height 
before and after surgery were performed, providing insights 
into the procedural impact on vertebral geometry.

Secondary Indicators. Secondary indicators included: 
(1) Clinical Scores: Evaluation of clinical scores, including 
the DOI, VAS, and BI to evaluate postoperative functional 
outcomes; (2) Adverse Reactions: Compilation and analysis 
of adverse reactions, such as infection, fever, spinal cord 
injury, and bone cement leakage, during the postoperative to 
discharge period (incidence = number of cases of adverse 
reactions/total number of people × 100%); (3) Prognosis 
(Re-fracture Rate): Assessment of the re-fracture rate as a key 
prognostic indicator; (4) Related Factors: Exploration of 
factors contributing to the occurrence of re-fracture, 
providing valuable insights into potential risk factors.

Statistical Analysis
The data were subjected to statistical analysis using SPSS 

16.0, with statistical significance denoted by P < .05. 
Categorical data, including patients’ gender, family medical 
history, and other countable variables, were recorded as 
percentages (%), and between-group comparisons were 
conducted using the chi-square test (χ2). Measurement data, 
such as Calcium levels and bone cement injection volume, 
were recorded as mean and standard deviation (x̅ ± s), and 

lateral channel. Subsequently, 5 mL of lavage fluid was 
carefully collected for the biochemical analysis of calcium 
(Ca), magnesium (Mg), and zinc (Zn) levels. This analysis 
was carried out using the Myers BS-600M Automatic 
Biochemistry Analyzer from the USA, ensuring precise and 
efficient measurement of the specified elements in the VB 
lavage fluid.

Evaluation of Vertebral Body (VB) Improvement
To assess the improvement in the VB, anteroposterior 

and lateral lumbar X-rays were taken using Siemens 
LUMINOS Lotus Max multifunctional X-ray diagnostic 
equipment from Germany. These radiographic images were 
centered on the injured vertebra and captured both before 
and 48 hours after surgery.

Parameters for VB Geometry and Kyphosis Evaluation. 
The geometry of the VB was represented by the wedge angle 
of the compressed VB, calculated as the angle between the 
connecting line of the upper and lower endplates of the 
injured vertebra. The degree of kyphosis was assessed using 
the three-segment kyphosis angle, considering both the 
upper and lower vertebrae adjacent to the injured vertebra. 
This angle is measured as the angle between the connecting 
line of the superior and inferior endplates of the injured VB. 

Recording VB Height. The VB height, recorded at the 
most severely collapsed part of the fractured VB, was a 
crucial parameter for evaluating structural improvements 
post-surgery.

Analysis of Bone Cement Leakage. Bone cement 
leakage, defined as the diffusion of bone cement beyond the 
upper and lower endplates and the anterior and posterior 
borders of the VB, was carefully examined to monitor and 
assess the integrity of the surgical site.

Scoring Assessment
A comprehensive scoring survey was conducted both 

before and 48 hours after surgery.
Oswestry Disability Index (ODI). The ODI comprises 

10 questions,12 each scored from 0 to 5, with a total score of 
50. Questions encompass various aspects, including pain 
intensity, daily life, sleeping, and sex life. The total score is 
directly proportional to the level of dysfunction, providing 
insights into the impact of surgery on different facets of the 
patient’s life.

Visual Analogue Scale (VAS). For the VAS assessment, 
patients were instructed to indicate a number between 0 and 
10,13 reflecting their most intense pain sensation within 24 
hours. The scale provides a direct representation of pain 
intensity, with higher scores indicating more severe pain 
experiences. This evaluation offers valuable insights into the 
effectiveness of surgical intervention in managing pain. 

Barthel Index (BI). The BI, consisting of 10 questions 
related to activities such as feeding, dressing, and bladder and 
bowel functions, provides a total score of 100.14 Higher scores 
correlate with enhanced daily living abilities, offering a 
quantitative measure of the patient’s functional independence.
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RESULTS
Comparison of Clinical Baseline Data

We conducted an initial comparison of clinical baseline 
data among the three patient groups to establish the credibility 
of the experimental results. No significant differences were 
observed in age, sex composition, smoking, and drinking 
patterns among the three groups (P > .05, Table 1), validating 
the clinical comparability of the groups. This result ensures 
that any observed variations in outcomes can be confidently 
attributed to the experimental interventions rather than pre-
existing demographic differences.

Comparison of Electrolyte Levels
In the analysis of electrolyte levels, the mild group 

exhibited the highest concentrations of Ca, Mg, and Zn in VB 
lavage fluid among the three groups. Conversely, the severe 
group displayed the lowest concentrations, with statistically 
significant differences noted among the groups (P < .05), 
refer to Figure 1a-1c. Pearson correlation coefficient analysis 
showed a positive association between the levels of Ca, Mg, 
and Zn and BMD-T) (P < .05), refer to Figure 1d-1f). This 
result implies that as BMD-T decreases, there is a 
corresponding reduction in the levels of Ca, Mg, and Zn.

Comparison of Surgical Indexes
The mild, moderate, and severe groups demonstrated no 

significant differences in operation time and intraoperative 
bleeding (P > .05); refer to Figures 2a and 2b. Regarding the 
volume of bone cement injected, the mild, moderate, and 
severe groups recorded volumes of (4.70 ± 0.61) mL, (4.77 ± 
0.60) mL, and (5.43 ± 0.79) mL, respectively. No significant 
differences were observed between the mild and moderate 
groups or between the moderate and severe groups (P > .05). 
However, there was a notable difference in the amount of 
bone cement injected between the mild and severe groups, 
with the mild group showing a lower volume (P < .05), refer 
to Figure 2c. 

Comparison of Vertebral Body (VB) Improvement
Preoperatively, the three groups exhibited no statistically 

significant differences in wedge angle, kyphosis angle, and 
VB height (P > .05). Postoperatively, the mild and moderate 
groups demonstrated similarity in all three parameters (P > 
.05). However, in the severe group, the VB height was higher 
compared to the mild and moderate groups, while the wedge 
angle and kyphosis angle were  (P < .05), Figure 3a-3c. 
Furthermore, intra-group comparisons before and after 
treatment highlighted greater differences in wedge angle, 
kyphosis angle, and VB height in the severe group compared 
to the other two groups (P < .05), refer to Figure 3d-3f. 

Comparison of Clinical Scores
There were no notable differences in preoperative VAS, 

ODI, and BI scores among the three groups (P > .05). After 
surgery, a significant reduction in VAS and ODI scores, 
combined with a marked increase in BI scores, was observed 

comparisons among groups were performed using analysis of 
variance (ANOVA) with the LSD post-hoc test. Correlation 
analyses were executed using Pearson correlation coefficients 
to explore relationships between variables. Additionally, 
related influencing factors were identified through logistic 
multiple regression analysis.

Table 1. Comparison of Clinical Baseline Data

Variables
Mild Group 

(n = 40)
Moderate Group 

(n = 78)
Severe Group 

(n = 44)
t/χ2 

value P value
Age 66.14±6.66 65.88±6.02 66.13±7.06 0.031 .969
BMD-T -3.40±0.36 -4.56±0.28a -5.63±0.30a,b 553.700 <.001
Gender 0.095 .953
Male/Female 14 (35.00)/26 (65.00) 26 (33.33)/52 (66.67) 14 (31.82)/30 (68.18)
Smoking 0.603 .740
Yes/No 22 (55.00)/18 (45.00) 39 (50.00)/39 (50.00) 25 (56.82)/19 (43.18)
Drinking 0.582 .748
Yes/No 16 (40.00)/24 (60.00) 30 (38.46)/48 (61.54) 20 (45.45)/24 (54.55)
Hypertension 0.312 .856
Yes/No 26 (65.00)/14 (38.46) 48 (61.54)/30 (38.46) 26 (59.09)/18 (40.91)
Diabetes 0.148 .929
Yes/No 22 (55.00)/18 (45.00) 45 (57.69)/33 (42.31) 26 (59.09)/18 (40.91)
History of Previous Fractures 0.519 .772
Yes/No 5 (12.50)/35 (87.50) 12 (15.38)/66 (84.62) 8 (18.18)/36 (81.82)
Surgical Segment 2.330 .675
T12/L1/L2 10 (25.00)/20 

(50.00)/10 (25.00)
22 (28.21)/42 

(53.85)/14 (17.95)
10 (22.73)/21 

(47.73)/13 (29.55)

aP < .05 compared with the Mild group
bP < 0.05 compared with the Moderate group 

Note: The chi-square test (χ2) was used for categorical variables, and the 
ANOVA was used for continuous variables. T1:Thoracic 1; L1: Lumbar 1; L2: 
Lumbar 2.

Figure 1. Comparison of Electrolyte Levels. (a) Comparison 
of Ca levels among three groups. (b) Comparison of Mg 
levels among three groups. (c) Comparison of Zn levels 
among three groups. (d) Correlation analysis between Ca 
level and BMD-T. (e) Correlation analysis between Mg level 
and BMD-T. (f) Correlation analysis between Zn level and 
BMD-t. *indicates statistical significance with P < .05.

Figure 2. Comparison of Surgical Indexes. (a) Comparison 
of operation time among three groups. (b) Comparison of 
intraoperative bleeding among three groups. (c) Comparison 
of bone cement injection volume among three groups. 
*indicates statistical significance with P < .05.
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in all groups (P < .05), refer to Figure 4a-4c. These findings 
indicate a substantial alleviation of postoperative pain and a 
notable improvement in the mobility of patients across all 
three groups. 

Comparison of Adverse Reactions
Postoperatively, there were no instances of pulmonary 

embolism, spinal cord injury, or infection in any of the three 
groups. The incidence of adverse reactions in the mild group 
was 7.50%, which did not significantly differ from that in the 
moderate group (10.26%, P > .05). However, the severe group 
exhibited a higher incidence of adverse reactions at 25.00%, 
with three patients experiencing bone cement leakage. This 
incidence was significantly elevated compared to the other 
two groups (P < .05, Table 2). These findings highlight the 
differential occurrence of adverse reactions, emphasizing the 
increased risk associated with severity, particularly in the 
context of bone cement leakage in the severe group.

Table 2. Comparison of Adverse Reactions

Groups
Dizziness And 

Headache
Bloating And 

Diarrhea
Nausea And 

Vomiting
Bone Cement 

Leakage

Incidence of 
Adverse Reactions 

(%)
Mild Group (n = 40) 1 (2.50) 1 (2.50) 1 (2.50) 0 (0.0) 7.50%
Moderate Group (n = 78) 4 (5.13) 1 (1.28) 3 (3.85) 0 (0.0) 10.26%
Severe group (n = 44) 3 (6.82) 3 (6.82) 2 (4.55) 3 (6.82) 25.00%a,b

χ2 value 6.884
P value .032

aP < .05 compared with the Mild group
bP < .05 compared with the Moderate group

Figure 3. Comparison of VB Improvement. (a) Comparison 
of wedge angles before and after surgery among three groups 
of patients. (b) Comparison of kyphosis angles among three 
groups before and after surgery. (c) Comparison of vertebral 
body height among three groups before and after surgery. * 
means P < .05 compared with Mild group, # means P < .05 
compared with Moderate group. (d) Comparison of the 
difference in wedge angle before and after operation. (e) 
Comparison of the difference in kyphosis angle before and 
after operation. (f) Comparison of the difference in vertebral 
body height before and after operation. *P < .05. Table 3. Comparison of Prognostic Re-Fracture Rate Among 

Three Groups

Groups Re-Fractures No Fractures
Mild Group (n = 40) 1 (2.50) 39 (97.50)
Moderate Group (n = 77) 4 (5.19) 73 (94.81)
Severe group (n = 41) 16 (39.02) 25 (60.98)
χ2 value 31.980
P value <.001

Note: Numbers in parentheses represent percentages.

Table 4. Univariate Analysis of Prognostic Factors for 
Re-Fracture

Variables
No Fractures 

(n=137)
Re-Fractures

 (n=21) t/χ2 value P value
Age 65.76±5.65 72.24±5.62 4.897 <.001
BMD-T -4.41±0.80 -5.39±0.75 5.268 <.001
Gender 0.338 .561

Male/Female 48 (35.09)/89 (64.96) 6 (28.57)/15 (71.43)
Smoking 0.000 .988

Yes/No 72 (52.55)/65 (47.45) 11 (52.38)/10 (47.62)
Drinking 0.058 .809

Yes/No 56 (40.88)/81 (59.12) 8 (38.10)/13 (61.90)
Hypertension 0.909 .340

Yes/No 83 (60.58)/54 (39.42) 15 (71.43)/6 (28.57)
Diabetes 0.002 .964

Yes/No 79 (57.66)/58 (42.34) 12 (57.14)/9 (42.86)
History of Previous Fractures 0.280 .597

Yes/No 20 (14.60)/117 (85.40) 4 (19.05)/17 (80.95)
Surgical Segment 5.166 .076

T12/L1/L2 34 (24.82)/72 (52.55)/ 
31 (22.63)

6 (28.57)/6 (28.57)/ 
9 (42.86)

Ca (mmol/L) 2.18±0.33 1.91±0.33 3.491 <.001
Mg (mmol/L) 0.87±0.20 0.74±0.22 2.737 .007
Zn (mmol/L) 12.41±1.92 11.01±2.10 3.073 .003
Operation time (min) 31.20±8.26 30.67±10.18 0.265 .791
Intraoperative bleeding (mL) 3.34±0.92 3.52±1.17 0.804 .423
Bone cement injection 
volume (mL)

4.79±0.64 5.76±0.70 6.388 <.001

Wedge angles (°) 9.82±4.67 10.33±4.60 0.467 .641
Kyphosis angles (°) 8.07±2.84 9.43±3.68 1.960 .052
VB Height (mm) 21.85±4.54 21.43±3.40 0.406 .685
VAS Scores 2.80±0.90 2.90±0.89 0.475 .636
ODI 36.02±4.86 35.95±4.92 0.061 .951
BI 66.09±6.33 65.57±7.23 0.344 .731

Bone Cement Leakage 13.560 <.001
Yes/No 1 (0.73)/136 (99.27) 3 (14.29)/18 (85.71)

Note: Values are presented as mean± SD or [n (%)]. BMD-T, bone mineral 
density T-score; Ca, calcium; Mg, magnesium; Zn, zinc; VAS, Visual 
Analogue Scale; ODI, Oswestry Disability Index; BI, Barthel Index.  

Table 5. Multivariate Analysis of Prognostic Factors for 
Re-Fracture

Variables β SE Wald χ2 OR 95%CI P value
Age 0.842 0.216 15.042 2.264 1.621-3.442 <.001
BMD-T 1.161 0.264 20.661 0.784 0.413-1.364 <.001
Ca 1.264 0.618 14.264 0.486 0.018-0.973 <.001
Mg -1.436 0.346 20.960 0.816 0.264-1.762 <.001
Zn 0.694 0.592 11.627 0.692 0.126-0.943 <.001
Bone Cement Injection Volume 1.184 0.264 20.642 3.241 1.942-5.642 <.001
Bone Cement Leakage 1.064 0.184 33.164 2.864 2.004-4.162 <.001

Note: β, regression coefficient; SE, standard error; OR, odds ratio; 95%CI, 
95% confidence interval.

Figure 4. Comparison of Clinical Scores (a) Comparison of 
VAS scores before and after surgery among three groups of 
patients. (b) Comparison of ODI among three groups before 
and after surgery. (c) Comparison of BI among three groups 
before and after surgery. * means P < .05 compared with Mild 
group, # means P < .05 compared with Moderate group.
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reduces operation time and alleviates pain but also fortifies 
the vertebral structure. However, it is crucial to acknowledge 
that despite these advantages, there remains a possibility of 
postoperative re-fracture, as indicated by current studies.16,17

In clinical practice, the general view is that variations in 
BMD constitute a critical factor influencing the outcomes of 
surgical interventions. It is postulated that distinctions in 
BMD may contribute to variations in postoperative symptom 
relief and VB height recovery among OSF patients. However, it 
is noteworthy that current research predominantly utilizes 
BMD for diagnosing and assessing the occurrence of 
osteoporosis without a comprehensive understanding of its 
relationship with the efficacy of PKP in treating OSF. Therefore, 
our study holds substantial reference significance for guiding 
early treatment and evaluating OSF patients in the future.

Fractures resulting from osteoporosis have been 
associated with physical impacts and diminished Ca 
absorption in the blood.19 Supporting this perspective, 
subsequent research in follow-up studies has revealed that 
supplementing electrolytes, such as Ca and Vitamin D3, can 
effectively mitigate the occurrence of femoral and non-spinal 
fractures.20 At the same time, within the pathological 
progression of osteoporosis, a group of hormones and 
cytokines can directly influence electrolyte absorption, 
thereby regulating the delicate equilibrium between bone 
remodeling and absorption. This complex relation activates 
the formation of new bone, highlighting the dynamic 
processes during osteoporosis pathogenesis.21 The findings 
suggest that the measurement of Ca levels may serve as an 
indicator of the severity of OSF, offering valuable guidance 
for clinical intervention and the assessment of patient 
prognosis. 

The close association of Ca, Mg, and Zn with osteoporosis 
and OSF has been established in existing research, which 
predominantly focuses on blood sample analysis. Limited 
knowledge exists regarding their levels in fractured VB 
lavage fluid and their correlation with BMD-T. Thus, our 
study is the first to analyze the correlation of Ca, Mg, and Zn 
in VB lavage fluid obtained during local puncture with 
BMD-T.

The findings revealed the lowest levels in the mild group 
and the highest levels in the severe group. Furthermore, 
correlation analysis established a positive association between 
BMD-T and Ca, Mg, and Zn, indicating a preliminary 
connection between Ca, Mg, Zn, and BMD. Calcium is a vital 
mineral essential for bone growth and development, stored 
in bone tissue and integrated into the protein matrix. 
Adequate calcium intake contributes to the attainment of 
higher bone mass and a reduction in the rate of bone loss.22

Mg plays an important role in the synthesis of the 
organic bone matrix, exerting a significant influence on 
overall bone health.23 Zn serves as a plentiful electrolyte in 
bone tissue and stands as an indispensable component in 
bone metabolism.24 We postulated that the decline in Ca, Mg, 
and Zn levels surrounding the VB may influence bone 
mineralization and the formation of the bone matrix, 

Comparison of Prognosis
Throughout the 1-year prognostic follow-up, successful 

tracking was achieved for all patients in the mild and severe 
groups and 158 patients in the moderate group, generating 
an overall success rate of 97.53%. The comparison of the 
1-year re-fracture rate indicated that the severe group had a 
higher rate than both the mild and moderate groups (P > 
.05); see Table 3. 

Univariate Analysis of Prognostic Factors for Re-fracture
In this univariate analysis, patients experiencing 

prognostic re-fractures comprised the research group, while 
those without re-fractures constituted the control group. The 
two groups did not exhibit statistical differences in terms of 
gender composition, the number of fractured vertebrae, and 
fracture site (P > .05). However, the research group 
demonstrated an older age, a higher incidence of bone 
cement leakage, and lower levels of BMD-T, Ca, Mg, and Zn 
compared to the control group (P < .05), Table 4. This 
analysis highlights age, bone cement leakage, BMD-T, Ca, 
Mg, and Zn as individual factors significantly influencing the 
occurrence of re-fractures.

Multivariate Analysis of Prognostic Factors for 
Re-fracture

The significantly different individual factors were 
assigned values for the Logistic multiple regression analysis. 
The occurrence of bone cement leakage was assigned a value 
of 1, while the absence of such occurrence was assigned a 
value of 0. All other indicators were measured and analyzed 
using raw data. These variables were then subjected to 
multivariate analysis. The dependent variable was whether 
the patient experienced a re-fracture, with other factors 
serving as covariates. Through this analysis, age and bone 
cement leakage emerged as independent risk factors for 
re-fracture in patients with OSF. Conversely, BMD-T bone 
cement injection volume, Ca, Mg, and Zn were identified as 
independent protective factors (P < .05), see Table 5. 

DISCUSSION
In this study, we observed that OSF patients with lower 

BMD-T exhibited a more substantial correction of vertebral 
height and convex deformity following PKP treatment. 
However, it was noted that the risk of postoperative adverse 
events was increased in this group. These findings offer 
valuable insights and guidance for future clinical 
considerations during PKP surgery, thereby enhancing the 
reliability of prognoses for OSF patients.

PKP stands as the preferred and optimal approach for 
treating OSF at present. This procedure distinguishes itself by 
streamlining the operation, eliminating the necessity for 
intraoperative balloon expansion. Utilizing a hydraulic high-
pressure perfusion apparatus, high-viscosity bone cement 
can be injected into the affected vertebra, facilitating the 
restoration of its height after precise needle placement.15 This 
innovative method, as opposed to traditional PVP, not only 
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leading to bone cement leakage through the bone fracture. 
Another potential factor is premature injection. These 
findings emphasize the importance of precise placement of 
the puncture needle during the PKP procedure. Specifically, 
the puncture needle should be positioned as close as possible 
to the upper part of the VB for ruptured inferior endplates 
and as far as possible for the ruptured posterior wall of the 
VB. It is advisable to conduct bone cement injection during 
the late stage of the “wire-drawing stage” to minimize the 
occurrence of bone cement leakage.

Moreover, the follow-up survey revealed no disparity in 
the prognostic re-fracture rate among the three groups, 
reaffirming the outstanding therapeutic efficacy of PKP for 
OSF. Ji et al.31 have previously indicated that the one-year 
re-fracture rate for OSF patients following PKP falls within 
the range of 10-20%,31 aligning closely with our study results. 

During the analysis of factors associated with prognostic 
re-fracture, we identified age and bone cement leakage as 
independent risk factors, whereas BMD-T, Ca, Mg, and Zn 
emerged as independent protective factors. It emphasizes the 
significant correlation of BMD-T, Ca, Mg, and other 
indicators with OSF and highlights their evaluative 
importance in OSF. Notably, the impact of age, a key 
influencing factor in OS, OSF, and bone health,32,33 is 
estimated in these findings.

The observed effects of BMD-T, Ca, Mg, and Zn may be 
intricately linked to our earlier inference. Bone cement 
leakage could contribute to suboptimal vertebral strength 
recovery, potentially leading to re-fracture. Intriguingly, the 
severe group exhibited lower BMD-T, Ca, Mg, and Zn levels 
along with a higher incidence of bone cement leakage, yet 
there was no significant disparity in the follow-up re-fracture 
outcomes compared to the other two groups. We speculate 
that this discrepancy may be attributed to a statistical 
anomaly arising from the relatively short follow-up period or 
the limited number of cases in the study. Therefore, an 
extension of the follow-up duration and an increase in the 
research sample size are warranted for further validation.

Additionally, a more detailed breakdown of the 
re-fracture sites among the patients is essential for validation 
of our findings that bone cement leakage may lead to 
unsatisfactory recovery of vertebral strength, resulting in 
re-fracture. Moreover, given the cohort nature of this study, 
potential information bias during data collection necessitates 
the initiation of a clinical randomized controlled trial to 
validate our findings. Lastly, it is crucial to acknowledge that 
the professional expertise of surgeons could influence the 
efficacy of PKP treatment. Therefore, efforts must focus on 
enhancing the PKP surgical skills of physicians within the 
hospital through training initiatives, thereby further ensuring 
optimal patient prognosis.

CONCLUSION
In conclusion, PKP demonstrates favorable clinical 

outcomes in the treatment of OSF across varying bone 
mineral densities. Notably, lower BMD-T is associated with 

potentially diminishing bone quality and elevating the risk of 
fractures. These findings suggest a close relationship between 
Ca, Mg, Zn, and BMD-T. We propose the potential utility of 
these elements as supplementary observational indices, 
guiding the surgical treatment of OSF. However, the absence 
of vertebral lavage fluid samples from post-surgical patients 
and individuals without surgical intervention for testing 
impedes the validation of this perspective. Additional 
evidence is required to substantiate this postulate.

Subsequently, we categorized patients based on their 
BMD-T and observed no disparity in operation time and 
intraoperative bleeding among the three groups. However, the 
severe group exhibited a higher volume of injected bone 
cement, along with more pronounced alterations in wedge 
angle, kyphosis angle, and VB height. Additionally, there were 
no discernible variations in postoperative VAS, ODI, and BI 
scores among the three groups. The differences in wedge angle, 
VB height, and kyphosis angle among them might be attributed 
to the lower BMD-T, reduced bone mineral salt content, 
increased osteoporosis, and diminished resistance to surgical 
distraction reduction in the severe group. Consequently, more 
noticeable corrections in VB height and wedge angle were 
achieved after surgery in the severe group.

There is also evidence suggesting that a sufficient 
injection of bone cement is closely linked to VB height and 
stiffness,25 which may explain the slight elevation in VB 
height observed in the severe group. In other words, an 
increased amount of injected bone cement leads to a rise in 
VB height. However, there is no significant difference in 
postoperative pain relief and spinal function recovery among 
the three groups. This finding implies that PKP exhibits 
excellent therapeutic effects for OSF patients with varying 
BMD-T. These findings align with previous studies on the 
clinical efficacy of PKP, reaffirming its outstanding 
applicability.26,27

Combined with previous studies, we suggest that the 
outstanding efficacy of PKP is primarily due to the necrosis of 
peripheral sensory nerve endings induced by the transient 
high heat during the bone cement hardening process, effectively 
obstructing nociceptive conduction. Additionally, the cytotoxic 
effect of bone cement is identified as a contributing factor to 
the necrosis of nociceptive nerve terminals.28

The bone cement permeates into the crevices of fractures, 
securing microfractures upon solidification and thereby 
reinstating the stability of the VB and enhancing patient 
mobility.29 Furthermore, the solidified bone cement exhibits 
notable hardness, reinforcing the fractured VB, restoring the 
stiffness of the injured vertebra, and enhancing the load-
bearing capacity of the VB. Simultaneously, this process 
corrects and restores the physiological curvature of the spine, 
leading to pain relief.30

We observed a higher incidence of adverse reactions in 
the severe group, notably a bone cement leakage incidence of 
6.82%. This finding could be attributed to the larger volume 
of injected bone cement in this group, or the fracture of the 
vertebral cortex caused by puncture or the fracture itself, 
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more pronounced postoperative correction of vertebral 
height and kyphosis. However, it comes with an increased 
risk of bone cement leakage. Therefore, careful consideration 
is warranted in surgical decision-making. Furthermore, age, 
bone cement leakage, BMD-T, bone cement injection volume, 
Ca, Mg, and Zn emerge as important factors influencing the 
occurrence of post-PKP re-fracture in OSF patients. These 
indicators demand diligent attention in follow-up clinical 
interventions to provide a robust foundation for enhanced 
patient prognosis.
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