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Article Info Abstract
Background: Osteoporotic fractures represent a significant clinical challenge due to

compromised bone quality and altered biomechanical properties. Traditional fixation
methods often fail in osteoporotic bone, necessitating specialized approaches.
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performed on cadaveric specimens to evaluate implant performance.

Results: Augmented fixation techniques showed superior outcomes compared to
conventional methods. Cement augmentation improved pull-out strength by 65%,
while locked plating systems demonstrated 40% better stability in osteoporotic bone.
Complication rates were significantly reduced with specialized fixation strategies
(12% vs 28% for conventional methods).

Conclusion: Specialized fixation strategies tailored to osteoporotic bone properties
significantly improve clinical outcomes and reduce failure rates in fracture
management.
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Introduction

Osteoporosis affects over 200 million individuals worldwide, with the incidence increasing dramatically with age. This metabolic
bone disease is characterized by reduced bone mineral density (BMD) and deteriorated microarchitecture, leading to increased
fracture susceptibility. The biomechanical properties of osteoporotic bone differ significantly from healthy bone, presenting
unique challenges for orthopedic surgeons.

Osteoporotic fractures commonly occur at the hip, spine, and distal radius, with hip fractures carrying the highest morbidity and
mortality rates. The altered bone quality in osteoporosis affects implant anchorage, with conventional fixation methods often
resulting in early failure due to inadequate purchase in weakened bone. Understanding the biomechanical principles governing
osteoporotic bone behavior is crucial for developing effective treatment strategies.

The economic burden of osteoporotic fractures exceeds $19 billion annually in the United States alone, emphasizing the need
for optimal treatment approaches. Recent advances in implant design and fixation techniques have shown promise in addressing
the unique challenges posed by osteoporotic bone.

Materials and Methods

Study Design

A retrospective cohort study was conducted analyzing 150 patients with osteoporotic fractures treated at our institution between
January 2020 and December 2024. Inclusion criteria comprised patients aged >65 years with T-scores <-2.5 on dual-energy X-
ray absorptiometry (DEXA) scanning.
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Patient Population

Patients were stratified by fracture location: proximal femur
(n=60), vertebral compression fractures (n=45), and distal
radius fractures (n=45). Fixation methods included
conventional screws, locked plating systems, cement
augmentation, and expandable implants.

Biomechanical Testing

Cadaveric femoral specimens (n=24) were obtained from
donors aged 70-85 years. Specimens underwent micro-CT
analysis to determine bone mineral density and trabecular
architecture. Pull-out testing was performed using an Instron
testing machine to evaluate implant anchorage strength.

Statistical Analysis

Data analysis was performed using SPSS version 28.0.
Continuous variables were compared using t-tests, while
categorical variables were analyzed using chi-square tests.
Statistical significance was set at p<0.05.

Results

Clinical Outcomes

The overall success rate for specialized fixation techniques
was 88% compared to 72% for conventional methods
(p<0.01). Cement augmentation demonstrated the highest
success rate at 92%, followed by locked plating systems at
85%.

Biomechanical Findings

Pull-out strength testing revealed significant differences
between fixation methods. Cement-augmented screws
showed mean pull-out forces of 1,250+180 N compared to
758+120 N for conventional screws (p<0.001). Locked plates
demonstrated superior stability with 30% less displacement
under cyclic loading.

Complication Analysis

Total complication rates were significantly lower in the
specialized fixation group (12% vs 28%, p<0.01). The most
common complications included implant loosening (8%),
nonunion (6%), and infection (4%).

Discussion

The management of osteoporotic fractures requires a
fundamental understanding of altered bone mechanics.
Osteoporotic bone exhibits reduced elastic modulus,
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decreased ultimate strength, and compromised trabecular
connectivity. These changes directly impact implant
integration and long-term stability.

Cement augmentation has emerged as a valuable technique
for improving implant anchorage in osteoporotic bone. The
polymethylmethacrylate (PMMA) cement fills trabecular
voids and creates a mechanical interlock, effectively
increasing the contact area between implant and bone. Our
findings demonstrate a 65% improvement in pull-out strength
with cement augmentation, consistent with previous
biomechanical studies.

Locked plating systems offer another promising approach by
creating a fixed-angle construct that distributes loads more
evenly across the bone-implant interface. The angular
stability provided by locked screws reduces the risk of screw
toggle and subsequent loosening, particularly important in
osteoporotic bone where conventional screw purchase is
compromised.

The selection of appropriate fixation strategy should consider
multiple factors including fracture pattern, bone quality,
patient age, and functional demands. A personalized
approach based on quantitative bone assessment may
optimize outcomes and reduce failure rates.

Conclusion

Osteoporotic fractures require specialized fixation strategies
that account for altered biomechanical properties of diseased
bone. Cement augmentation and locked plating systems
demonstrate superior clinical outcomes compared to
conventional fixation methods. The 65% improvement in
pull-out strength with cement augmentation and 40% better
stability with locked plates translate to clinically significant
reductions in complication rates. Future research should
focus on developing patient-specific treatment algorithms
based on quantitative bone quality assessment to further
optimize outcomes in this challenging patient population.

Table 1: Patient Demographics and Fracture Distribution

Parameter Value
Mean Age (years) 74.2 + 8.6
Female (%) 78
Mean BMD T-score -2.9+0.8
Hip Fractures 60 (40%)
Vertebral Fractures 45 (30%)
Distal Radius Fractures 45 (30%)

Table 2: Fixation Method Outcomes

Fixation Method Success Rate (%) Complication Rate (%) Mean Follow-up (months)
Conventional Screws 72 28 18.5
Cement Augmentation 92 8 20.2
Locked Plates 85 15 19.8
Expandable Implants 88 12 17.6

Table 3: Biomechanical Test Results
Parameter Conventional Cement-Augmented Locked Plate p-value
Pull-out Force (N) 758 £ 120 1,250 + 180 1,180 £+ 165 <0.001
Displacement (mm) 32+£0.8 1.8+ 04 2.1+0.6 <0.01
Stiffness (N/mm) 245 +£45 410 + 62 385+ 58 <0.001
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