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Abstract

Background: Intertrochanteric femoral fractures represent a substantial burden in geriatric
trauma, contributing to considerable morbidity and mortality worldwide. The selection of
optimal fixation strategy continues to generate debate within the orthopedic community, with
both the Dynamic Hip Screw (DHS) and Proximal Femoral Nail Antirotation 1l (PFNA-II)
serving as primary treatment modalities. This systematic review synthesizes current evidence
comparing the clinical efficacy and safety profiles of PFNA-II and DHS across different
fracture stability patterns.

Methods: We performed a comprehensive literature search encompassing PubMed, PubMed
Central, Cochrane Library, and Google Scholar databases through October 2025. Our
inclusion criteria targeted randomized controlled trials, meta-analyses, systematic reviews,
and comparative cohort investigations. Primary endpoints included functional recovery
metrics (Harris Hip Score), perioperative parameters (surgical duration, hemorrhage
volume), and postoperative adverse events (implant migration, fixation failure, infectious
complications, revision surgery rates).

Results: This review incorporated 54 studies representing diverse patient populations.
Evidence demonstrates that PFNA-II confers superior outcomes in unstable fracture
configurations, manifesting as reduced surgical time, diminished perioperative blood loss,
accelerated weight-bearing mobilization, and decreased rates of mechanical complications
including cut-out and fixation failure. In stable fracture patterns, both devices yield
comparable clinical results, with DHS potentially offering economic advantages. The
biomechanical characteristics of PFNA-I1, particularly its helical blade architecture, appear
advantageous in osteopenic bone and complex fracture geometries including reverse obliquity
patterns and lateral wall deficiency. Conversely, certain studies indicate elevated reoperation
risk associated with intramedullary fixation systems.

Conclusion: Contemporary evidence supports PFNA-II as the preferred fixation method for
unstable intertrochanteric fractures, demonstrating measurable benefits in perioperative
metrics and complication profiles. For stable fracture patterns, both PFNA-II and DHS
represent valid treatment options, with selection potentially influenced by surgeon expertise
and healthcare economics. Additional high-quality prospective investigations are warranted
to establish long-term functional outcomes and comprehensive cost-effectiveness analyses.
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1. Introduction

Intertrochanteric femoral fractures constitute one of the most prevalent and consequential injuries within the
geriatric population, demonstrating escalating incidence paralleling global demographic aging ™ 8. These
fractures involve the proximal femoral metaphysis between the greater and lesser trochanters, predominantly
resulting from low-energy mechanisms such as ground-level falls in patients with compromised bone mineral
density ® 3. The clinical management of these injuries presents substantial challenges to orthopedic
practitioners, with therapeutic objectives encompassing secure fracture stabilization, expeditious patient

mobilization to mitigate recumbency-associated morbidity, and restoration of baseline functional capacity
[20, 35]

The evolution of surgical management for intertrochanteric fractures has undergone significant
transformation across recent decades. Historical approaches ranged from conservative management utilizing
prolonged skeletal traction, associated with elevated mortality and morbidity rates, to the progressive
development of sophisticated internal fixation systems % 4. The Dynamic Hip Screw, incorporating a
sliding compression screw with lateral plate construct, emerged as the established treatment paradigm for
stable intertrochanteric fractures following its introduction B 431, This device facilitates controlled fracture
impaction through dynamic axial compression, promoting biological healing 2. However, unstable fracture
configurations treated with DHS have demonstrated increased complication rates, including excessive
implant telescoping, limb length discrepancy, and mechanical failure, particularly lag screw perforation

through the femoral head (cut-out phenomenon) 221,

Recognizing the limitations of extramedullary fixation in unstable patterns, intramedullary nailing systems
were subsequently developed. The Proximal Femoral Nail Antirotation and its refined second-generation
variant (PFNA-I1) have achieved widespread clinical adoption ™ 2. The PFNA-II represents an
intramedullary implant incorporating a helical blade element rather than conventional lag screw design. This
architectural modification theoretically enhances rotational control and bone purchase within osteoporotic
substrate, potentially mitigating cut-out risk and fixation failure 2321, The intramedullary positioning confers
biomechanical advantages through proximity to the femoral mechanical axis, generating reduced bending
moments and enhanced stability, particularly beneficial in unstable configurations including reverse obliquity

patterns and those with lateral cortical compromise 15 261,

Despite theoretical advantages attributed to PFNA-1I, ongoing controversy persists regarding its superiority
relative to DHS, particularly considering fracture stability classification and patient demographics.
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Comparative investigations have yielded heterogeneous results. Certain studies demonstrate clear PFNA-1I
advantages including reduced operative duration, hemorrhage, and complication rates, especially within
unstable fracture subsets 8 °_ Alternative investigations report equivalent outcomes between devices in

stable patterns, raising questions regarding cost-justification for the more expensive intramedullary system
[3,50]

This systematic review endeavors to provide comprehensive contemporary analysis of existing literature
comparing PFNA-11 and DHS for both stable and unstable intertrochanteric fracture management. Through
evidence synthesis from meta-analyses, systematic reviews, randomized controlled trials, and substantial
cohort investigations, we evaluate comparative effectiveness and safety of these prevalent implant systems
across clinically relevant outcome domains. Our findings aim to inform evidence-based clinical decision-

making and establish treatment recommendations for intertrochanteric fracture patients.

2. Methods

2.1 Literature Search Strategy

We conducted a systematic literature search to identify relevant comparative studies evaluating PFNA-I11 and
DHS for intertrochanteric fracture treatment. Our search encompassed multiple electronic databases
including PubMed, PubMed Central (PMC), Cochrane Library, and Google Scholar. Temporal restrictions
were not imposed, though emphasis was placed on publications through October 2025. The search strategy
employed combined keyword and Medical Subject Heading (MeSH) terminology including: "Proximal
Femoral Nail Antirotation,” "PFNA," "Dynamic Hip Screw,” "DHS,” "intertrochanteric fracture,”

"trochanteric fracture,” "stable fracture,” "unstable fracture,” "randomized controlled trial," "meta-analysis,"
and "systematic review." We supplemented electronic searches through manual reference list examination of

retrieved articles to identify additional relevant investigations.

2.2 Study Selection Criteria
Our systematic review employed the following inclusion parameters:

Study Design: We included randomized controlled trials (RCTs), meta-analyses, systematic reviews, and

substantial prospective or retrospective comparative cohort studies.

Patient Population: Adult patients diagnosed with intertrochanteric femoral fractures were eligible for
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inclusion.

Intervention: Studies examining Proximal Femoral Nail Antirotation (PFNA or PENA-II) as the index

treatment.
Comparator: Dynamic Hip Screw (DHS) serving as the control intervention.

Outcome Measures: Studies reporting at least one of the following endpoints: functional outcome
assessments (exemplified by Harris Hip Score), perioperative parameters (surgical duration, blood loss),
postoperative complications (cut-out, implant failure, infection, non-union, reoperation rate), hospital length
of stay, or mortality.

Exclusion criteria encompassed case reports, case series lacking comparison groups, biomechanical
investigations without clinical outcome data, and studies failing to distinctly separate PFNA and DHS
outcomes. Pediatric populations and investigations focused on alternative hip fracture types (such as femoral

neck fractures) were similarly excluded.

2.3 Data Extraction and Evidence Synthesis

We systematically extracted data from included studies and compiled information into structured summary
formats. Extracted elements included: primary author and publication year, study methodology, sample size,
fracture stability classification, and principal findings regarding primary and secondary outcomes. Quality
assessment of included meta-analyses and systematic reviews was performed based on methodological rigor
and search comprehensiveness. Evidence synthesis was presented in narrative format, organized by specific
outcome domains. Given the nature of this systematic review, we did not perform de novo meta-analysis of
primary data; rather, we synthesized and interpreted results from existing meta-analyses and high-quality

primary investigations.

3. Results

Our comprehensive literature search identified substantial evidence, from which 54 key studies met inclusion
criteria for this systematic review. The evidence base comprised multiple high-quality meta-analyses and
systematic reviews, numerous randomized controlled trials, and large-scale cohort investigations, providing

comprehensive comparative assessment of PENA-II and DHS.
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Dynamic Hip Screw (DHS) Implant System

Figure 1: Schematic representation of the Dynamic Hip Screw (DHS) system demonstrating the sliding lag
screw and lateral plate fixation construct for intertrochanteric fractures. The DHS mechanism facilitates

controlled fracture collapse and compression at the fracture interface.

Proximal Femoral Nail Antirotation (PFNA) Implant

N

Figure 2: The Proximal Femoral Nail Antirotation (PFNA) intramedullary fixation system featuring a helical
blade element designed for enhanced rotational stability and improved bone purchase within osteoporotic

substrate.

3.1 Perioperative and Surgical Outcomes

Multiple studies and meta-analyses consistently demonstrate that PFNA achieves more favorable

perioperative outcomes compared with DHS, particularly in unstable fracture patterns.
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Surgical Duration: Numerous investigations reported significantly reduced operative time for PFNA
relative to DHS [8:24%, Zhang et al. (2023) confirmed this finding through meta-analysis, demonstrating clear
temporal advantage for intramedullary nailing ™. This benefit likely derives from reduced soft tissue
dissection requirements during PFNA insertion.

Perioperative Hemorrhage: Intraoperative blood loss was consistently diminished in PENA cohorts across
multiple studies ® 23, The minimally invasive characteristics of PFNA procedures contribute to reduced

hemorrhage, representing particularly important consideration in frail geriatric populations.

Hospital Length of Stay: While certain studies demonstrated trends toward reduced hospitalization duration
with PFNA, evidence consistency was less robust compared to operative time and blood loss metrics [4% 46
47, Variables including rehabilitation protocols and institutional discharge policies significantly influence

hospitalization duration (481,

3.2 Functional Recovery and Rehabilitation Outcomes

The fundamental objective of fracture fixation is restoration of functional capacity and mobility. Evidence

regarding functional outcomes demonstrates nuanced patterns.

Harris Hip Score Assessment: Multiple studies, including several meta-analyses, reported significantly
superior Harris Hip Scores at final follow-up for PFNA-treated patients, particularly within unstable fracture

subsets I ® 8. This suggests enhanced overall functional recovery with intramedullary fixation.

Weight-Bearing Mobilization Timeline: PFNA facilitates earlier full weight-bearing compared with DHS,
as documented across multiple investigations © 8. The inherent mechanical stability of intramedullary
constructs provides surgeon confidence for earlier patient mobilization, potentially preventing prolonged

immobility complications.

Mobility and Quality of Life Metrics: Beyond Harris Hip Score assessment, alternative mobility and
quality of life measures have been evaluated. Studies demonstrate that accelerated mobilization enabled by
PFNA correlates with improved overall mobility and expedited return to activities of daily living 53 %41,

3.3 Postoperative Complications and Adverse Events

Complication rates and patterns represent critical determinants in optimal implant selection. Evidence

highlights key distinctions between the two fixation systems.
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Cut-out and Mechanical Failure: Lag screw or helical blade perforation through the femoral head (cut-out)
constitutes one of the most severe mechanical complications. Evidence strongly indicates that PFNA
demonstrates significantly reduced cut-out rates compared with DHS, particularly in unstable and
osteoporotic fracture patterns 522 271 The helical blade architecture of PFNA theoretically provides enhanced
resistance to rotational forces and superior anchorage in compromised bone quality, thereby reducing
complication risk 2° %21, The Tip-Apex Distance (TAD) concept is fundamental in cut-out prevention, with

studies suggesting optimal TAD parameters for PFNA may differ from DHS requirements ['1,

Lateral Femoral Wall Complications: latrogenic or postoperative lateral femoral wall fracture represents
a recognized DHS complication, potentially causing instability and fixation failure. PFNA, as an
intramedullary device, bypasses the lateral cortical wall, with studies demonstrating significantly reduced
lateral wall fracture incidence compared with DHS ©,

Infectious Complications: Surgical site infection (SSI) rates represent another important consideration. Dai
et al. (2023) reported through meta-analysis a significant SSI incidence reduction in PFNA-treated patients
compared with DHS [, This benefit may be attributed to reduced surgical exposure requirements for PFNA.

Non-union: While non-union represents a relatively uncommon complication in intertrochanteric fractures

given excellent regional blood supply, certain studies suggest reduced non-union rates with PFNA [61,

Reoperation Rates: Evidence regarding reoperation rates demonstrates mixed patterns. While PFNA
associates with reduced rates of specific complications such as cut-out, certain studies, including Amer et al.
(2023) meta-analysis, reported elevated overall reoperation rates for cephalomedullary nails compared with
sliding hip screws 4. This may reflect alternative implant-related issues, including distal locking screw

complications or implant removal necessity.

3.4 Fracture Stability Pattern Analysis

Fracture stability classification represents a key determinant in implant selection. The AO/OTA classification
system is commonly employed to categorize intertrochanteric fractures, with 31-Al patterns considered

stable and 31-A2 and 31-A3 (reverse obliquity) patterns classified as unstable 28],

Unstable Fracture Patterns: For unstable fractures, evidence overwhelmingly favors PFNA. The
biomechanical advantages of intramedullary fixation, combined with reduced rates of cut-out, lateral wall
fracture, and other complications, establish it as the preferred implant for these challenging injuries [*4 6.9
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15]

Stable Fracture Patterns: In stable fracture configurations, PENA superiority is less definitive. Multiple
studies identified no significant outcome differences between PFNA and DHS for stable fracture patterns [
501, Given DHS represents a less expensive implant option, it may offer superior cost-effectiveness for stable

intertrochanteric fractures.

3.5 Special Clinical Considerations

Osteoporotic Bone Quality: In patients with severe osteoporosis, the helical blade of PFNA theoretically

provides enhanced bone purchase within the compromised femoral head substrate, reducing cut-out risk [
29]

Reverse Obliquity Fractures: For reverse obliquity fractures (AO/OTA 31-A3), intramedullary nailing
represents the established standard of care. DHS utilization in this fracture pattern is contraindicated as the

sliding mechanism may precipitate fracture displacement and fixation failure > 291,

Surgical Learning Curve: PENA surgical technique may be more technically demanding compared with
DHS. However, studies demonstrate acceptable learning curves for PFNA, with computer-assisted

preoperative planning potentially improving accuracy and reducing learning curve duration 1%,

4. Discussion

This systematic review provides comprehensive synthesis of contemporary evidence comparing PFNA-I1I
and DHS for intertrochanteric fracture management. Our findings indicate that implant selection should be
guided primarily by fracture stability classification, with clear trends favoring PFNA-11 for unstable patterns.
For stable fractures, both implants demonstrate effectiveness, with selection potentially influenced by

economic considerations and surgeon experience.

The superiority of PENA-II in unstable fractures can be attributed to fundamental biomechanical principles.
As an intramedullary device, PENA-II is positioned in closer proximity to the femoral mechanical axis,
reducing bending moments on the implant and providing enhanced construct stability [ 2%, This proves
particularly advantageous in unstable fractures characterized by medial cortical support loss. The helical
blade design of PFNA-II additionally offers improved rotational control and bone purchase within

osteoporotic substrate, a common feature in elderly populations sustaining these injuries [ %2, These
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biomechanical characteristics translate into clinically meaningful benefits, as evidenced by reduced cut-out

rates and fixation failure documented across numerous investigations [ 22271,

Our findings align with several other high-quality systematic reviews and meta-analyses. The Cochrane
review by Lewis et al. (2022), comparing cephalomedullary nails with extramedullary implants, identified
no significant mortality differences, though cephalomedullary nails demonstrated reduced non-union and
superficial infection risk, balanced against elevated intraoperative and delayed fracture risk 2. This
highlights inherent trade-offs between implant types. Our review, specifically focusing on PFNA-II versus
DHS comparison, further refines these findings, suggesting that specific PFNA-II design features may

mitigate certain risks associated with earlier-generation intramedullary nails.

One of PFNA-II's most significant advantages involves management of fractures with compromised lateral
femoral wall integrity. The lateral wall represents a critical structure for intertrochanteric fracture stability,
frequently compromised in unstable patterns. DHS utilization in the presence of lateral wall fracture
associates with elevated fixation failure risk (1. PENA-II, by bypassing the lateral wall, provides more stable
fixation for these challenging fractures, as demonstrated by significantly reduced lateral wall-related

complications 1,

In stable intertrochanteric fractures, PFNA-II advantages are less pronounced. Multiple studies reported
comparable outcomes between PFNA-II and DHS regarding functional recovery and complication rates
51 In this context, the elevated cost of PFNA-II implants becomes more significant. DHS, representing a
more established and economical implant option, may constitute a more cost-effective choice for stable
fractures, provided meticulous surgical technique is employed.

This review additionally emphasizes the importance of surgical technique and experience. The learning curve
for PFNA-I1, while acceptable, is steeper compared with DHS 1%, Inexperienced surgeons may encounter
elevated complication rates with PFNA-II, including malreduction or suboptimal implant positioning.
Computer-assisted preoperative planning utilization and adherence to proper surgical principles, such as

achieving optimal tip-apex distance, are crucial for successful outcomes with both implants [ 19,

Several limitations of this systematic review warrant acknowledgment. Included studies varied in design
methodology, quality assessment, and follow-up duration. While we prioritized high-quality evidence from
meta-analyses and RCTs, certain conclusions derive from observational studies with inherent bias
susceptibility. Furthermore, "stable™ and "unstable™ fracture definitions vary between studies, potentially
affecting findings generalizability. Finally, while we incorporated a substantial number of references, the
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orthopedic trauma field continues evolving, with ongoing publication of new investigations.

5. Conclusion
Based on extensive evidence synthesized in this systematic review, we draw the following conclusions:

For unstable intertrochanteric fractures, including reverse obliquity patterns and those with lateral wall
incompetence, PENA-I1 represents the preferred fixation method. It demonstrates superior perioperative
outcomes, reduced complication rates (particularly cut-out and implant failure), and enhanced functional

recovery compared with DHS.

For stable intertrochanteric fractures, both PFNA-11 and DHS constitute effective treatment modalities
with comparable outcomes. Implant selection in this clinical scenario may be guided by factors including

surgeon experience, implant availability, and economic considerations.

The biomechanical advantages of PFNA-I1, particularly its intramedullary positioning and helical blade
architecture, render it more suitable for challenging fracture patterns and compromised bone quality
frequently encountered in geriatric populations.

While PFNA-II offers substantial benefits, it is not without risks. Surgeons must remain cognizant of
potential implant-related complications and adhere to meticulous surgical technique to optimize patient

outcomes.

Further high quality, large-scale randomized controlled trials with extended follow-up periods are necessary
to definitively establish implant superiority and assess long-term cost-effectiveness of these two widely

utilized fixation methods for intertrochanteric fractures.
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