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↑What is “already known” in this topic: 
The medial circumflex femoral artery (MCFA) supplies the 
femoral head, and its injury during femoral neck fracture 
surgery increases the risk of avascular necrosis (AVN).   
 
→What this article adds: 

This study shows that using the Bennett retractor disrupts 
MCFA blood flow in 90% of cases, emphasizing the need for 
safer surgical techniques.  
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Abstract 
    Background: The femoral head's blood supply, primarily provided by the medial circumflex femoral artery (MCFA), is vulnerable 
to mechanical interruptions caused by traumatic or iatrogenic events. Disruption of this blood flow is associated with an inherent risk 
of avascular necrosis (AVN), which significantly impairs the surgical outcomes. This study aimed to evaluate the impact of using the 
Bennett retractor on femoral head vascular integrity during simulated fracture reductions. 
   Methods: A descriptive cadaveric study was conducted on 10 specimens to assess vascular injury induced by the Bennett retractor. 
Methylene blue dye angiography was performed to visualize perfusion patterns after retractor application. The MCFA perfusion 
disruption was documented. The effect of MCFA location and anatomical variations in this disruption was also investigated. No 
statistical analysis was performed due to the small sample size and descriptive nature of the study. 
   Results: Vascular disruption was observed in 9 out of 10 cadaveric specimens (90%), as demonstrated by reduced MCFA perfusion 
in angiographic evaluation. In 1 case without MCFA compromise, the MCFA was located along the medial border of the femoral neck. 
Anatomical variations in the MCFA's origin (90% profunda femoris, 10% femoral artery) and position were noted, although these 
variations did not influence the incidence of injury incidence.  
   Conclusion: The Bennett retractor poses a significant risk of iatrogenic MCFA injury during femoral neck fracture reduction, 
emphasizing the need for alternative techniques or devices to minimize vascular compromise. Further research is required to explore 
the clinical implications of anatomical variations and develop strategies to mitigate AVN risk. 
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Introduction 
The femoral head receives its primary blood supply 

from the medial circumflex femoral artery (MCFA), with 
smaller contributions from the lateral circumflex femoral 
artery (LCFA) and the artery of the ligamentum teres (1). 
The MCFA is the principal source, and its branches trav-
erse the femoral neck to deliver essential oxygen and nu-
trients critical for maintaining the health and viability of 
the femoral head and surrounding bone structures (2). Any 
disruption to these vessels significantly increases the risk 
of avascular necrosis (AVN) (3, 4). Traumatic injuries to 
the femoral neck, such as fractures, are strongly associated 

with AVN because displaced fracture fragments can tear 
these vessels against sharp bone edges, overstretch them 
beyond their tolerance, or compress them between misa-
ligned fragments (3, 4). Persistent vascular compromise 
results in ischemia, leading to bone necrosis, structural 
collapse, joint dysfunction, and, eventually, secondary 
osteoarthritis (4). In severe cases, this complication often 
necessitates surgical intervention, such as total hip arthro-
plasty (THA) (5). Therefore, minimizing the risk of AVN 
in patients with femoral neck fractures is a critical aspect 
of their management. 
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In addition to the inherent risk of AVN associated with 
femoral neck injuries, surgical reduction and fixation of 
displaced fragments may also contribute to AVN induc-
tion (6, 7). Instruments such as the Bennett retractor, 
commonly used to reposition the femoral neck anatomi-
cally after a displaced fracture (8) can potentially disrupt 
the femoral head's critical blood supply, further increasing 
the risk of AVN. However, there is currently a lack of 
studies investigating the iatrogenic incidence of AVN in 
femoral neck fractures.  

Unlike clinical case studies, which capture real-time pa-
tient responses, cadaveric models eliminate physiological 
variables such as vasospasm, inflammation, or collateral 
circulation, enabling a clearer assessment of mechanical 
vascular injuries (9). Unlike clinical case studies, which 
capture real-time patient responses, cadaveric models 
eliminate physiological variables such as vasospasm, in-
flammation, or collateral circulation, enabling a clearer 
assessment of mechanical vascular injuries (10). 

In this study, we conducted a cadaveric analysis to in-
vestigate the impact of the Bennett retractor on femoral 
head blood supply during the reduction of femoral neck 
fracture. Using dye angiography, we evaluated vascular 
disruption caused by the application of the Bennett retrac-
tor in a series of 10 cadaveric specimens.  

 
Methods 
Study Design and Cadaveric Specimens 
This was a descriptive cadaveric experimental study 

conducted to evaluate the impact of the Bennett retractor 
on femoral head blood supply during the reduction of 
femoral neck fractures. A total of 10 human cadaveric 
specimens were utilized, ensuring the absence of prior 
femoral or pelvic fractures, hip surgeries, or significant 
vascular pathologies. The study was approved by our in-
stitute's ethics committee. All cadaveric specimens were 
obtained through an accredited anatomical donation pro-
gram, and this study complied with institutional and legal 
guidelines for the use of human tissue in research. 

 
Experimental Setup 
Each cadaveric specimen was positioned supine on a 

surgical table to replicate the standard clinical setup for 
femoral neck fracture reduction. Out of respect, no frac-
tures were created. Instead, we simulated the fracture re-
duction process using a wide Bennett retractor, which was 
placed on the anterior cortex of the femoral neck. The 
retractor was applied with enough force to mimic clinical 
fracture reduction practices effectively. 

The Bennett retractor was applied manually with a 
standardized force approximating typical clinical fracture 
reduction, ensuring consistency across all specimens. 
While we did not use a force gauge, the pressure exerted 
was maintained within a controlled range based on com-
mon surgical practice. The same technique and position-
ing of the retractor were used for all cadaveric specimens 
to maintain methodological uniformity. 

 
 
 

Dye Angiography 
The femur was incised at the appropriate location to ex-

pose the MCFA. The proximal and distal segments of the 
artery were ligated to ensure controlled perfusion. To 
evaluate vascular disruption, a methylene blue dye solu-
tion mixed with saline was injected into the femoral artery 
at a pressure approximating normal physiological arterial 
pressure (approximately 120 mmHg). Using a C-arm, the 
perfusion of the femoral artery was monitored during the 
application of the Bennett retractor to observe changes in 
vascular flow and perfusion patterns. 

 
Outcome Measures 
The primary outcome was the presence and extent of 

vascular disruption caused by the Bennett retractor, as 
assessed by areas of absent or incomplete dye perfusion in 
the femoral head and neck. Secondary outcomes included 
the anatomical locations of disrupted vessels. Two inde-
pendent observers evaluated documented vascular disrup-
tions and the anatomic location of disrupted vessels. Disa-
greements were resolved by consensus. Photographic doc-
umentation of each dissection was performed to support 
visual assessment. 

 
Results 
Incidence of MCFA Injury 
The MCFA was found on the femoral neck in seven ca-

daveric specimens, along the medial border of the femoral 
neck in two cadaveric specimens, and on the medial side 
of the femoral neck in one cadaver.  

The incidence of MCFA injury was observed in 9 out of 
10 cadaveric specimens during the application of the Ben-
nett retractor. In this respect, perfusion was visibly re-
duced or disrupted in trials where the retractor was posi-
tioned directly on the femoral neck (Figure 1). In only 1 
cadaveric specimen, the MCFA remained uninjured dur-
ing the use of a wide Bennett retractor. Notably, in this 
cadaveric specimen, the MCFA was positioned along the 
medial border of the femoral neck. The presence of peri-
arterial hematoma was noted in 1 case in which the 
MCFA was located on the femoral neck. The characteris-
tic features of the MCFA and outcomes of the Bennett 
retractor simulation are demonstrated in Table 1. 

 
Anatomical Variations 
In 9 cadaveric specimens, the MCFA originated from 

the deep femoral artery (profunda femoris), while in 1, it 
originated directly from the femoral artery. This anatomi-
cal variation did not appear to influence the incidence of 
vascular disruption during the application of the Bennett 
retractor, as vascular injury was observed in both origin 
types. 

 
Discussion 
The MCFA, as the main artery supplying the femoral 

head blood, is critically important for maintaining the via-
bility of the femoral head (11, 12). The results of this ca-
daveric study highlight the significant risk of vascular 
injury to the MCFA during the use of the Bennett retractor 
for the reduction of femoral neck fractures. Our findings 
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demonstrate that the placement and application of the 
Bennett retractor can disrupt MCFA perfusion in 90% of 
the cadaveric specimens evaluated. 

The vulnerability of the femoral head's vascular supply 
to mechanical disruption during surgical intervention has 
been pointed out in several earlier studies. In the study by 
Whiteside et al, stripping the retinaculum or combining it 
with femoral head reaming led to complete devasculariza-
tion of the femoral head in adult dogs (13). Furthermore, 
numerous studies have reported AVN incidence after 
femoral neck fracture surgeries, with dynamic hip screws 
(DHS) being associated with a notably high risk of AVN 
(14-17). The use of large implants for femoral neck frac-
ture fixation has been associated with greater disruption of 
the femoral head's blood supply. Supporting this, a sys-
tematic review and meta-analysis by Xu et al reported 
significantly reduced vascularity in patients treated with 
DHS compared to those treated with cancellous screws 
(35% vs 11%) (18). In line with earlier studies, the present 
study shows that using a Bennett retractor for the reduc-
tion of femoral neck fracture can also significantly induce 

femoral head AVN by disrupting MCFA perfusion. The 
incidence of vascular disruption observed in our study 
emphasizes the need for alternative surgical approaches or 
devices to mitigate iatrogenic injury to the femoral head 
blood supply. Additionally, modifications in retractor 
placement, such as positioning on the anterior inferior 
iliac spine  rather than directly on the femoral neck, could 
help preserve vascular integrity (19). Similar technique 
adjustments, such as modifying graft harvesting sites, 
have been shown to improve cosmetic and functional out-
comes in orthopedic procedures (20).  

Anatomical variations are recognized as a risk factor for 
iatrogenic damage to the femoral head's blood supply (21-
23). Understanding these variations is considered crucial 
in orthopedic procedures involving the hip to reduce the 
risk of compromising the femoral head's circulation (21, 
24). Similarly, in spinal conditions, anatomical variations 
in spinopelvic alignment have been studied in relation to 
nonspecific low back pain, demonstrating the importance 
of individualized anatomical considerations in both spine 
and hip pathologies (25). The present study revealed nota-

 

Figure 1. (a) Normal perfusion of MCFA before application of Bennett refractor; (b) disrupted perfusion of MCFA after the application of Bennett 
retractor. 

 
Table 1. The Characteristics of the MCFA in 10 Cadavers and Outcomes of the Bennett Retractor Simulation  
No Location of MCFA Anatomic variation Periarterial hematoma Vascular disruption 
1 On the femoral neck Originated from profunda femoris NO Yes 
2 On the femoral neck Originated from profunda femoris Yes Yes 
3 On the femoral neck Originated from profunda femoris NO Yes 
4 At the medial border of the femoral neck Originated from profunda femoris NO Yes 
5 On the femoral neck Originated from profunda femoris NO Yes 
6 At the medial border of the femoral neck Originated from profunda femoris NO No 
7 On the femoral neck Originated from profunda femoris NO Yes 
8 On the medial side of the femoral neck Originated from profunda femoris NO Yes 
9 On the femoral neck Originating from the femoral artery NO Yes 
10 On the femoral neck Originated from profunda femoris NO Yes 
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ble anatomical variations in the MCFA's location and 
origin, but these variations did not significantly affect the 
likelihood of vascular disruption during the use of the 
Bennett retractor. In 1 cadaveric specimen, where the 
MCFA was located along the medial border of the femoral 
neck, vascular injury was avoided, potentially indicating 
that specific anatomical positions may provide relative 
protection against mechanical disruption. This hypothesis 
needs to be further elucidated in future large-scale studies. 
Advanced imaging techniques, such as 3D-CT, have been 
shown to enhance fracture classification accuracy com-
pared to traditional radiography, suggesting that similar 
imaging advancements may improve vascular risk as-
sessment in hip fracture surgeries (26). 

Several limitations of this study should be acknowl-
edged. The small number of cadaveric specimens could be 
regarded as the primary limitation of this study. The use of 
cadaveric specimens may limit the generalizability of the 
findings to live surgical scenarios, as factors such as vas-
cular elasticity, blood flow dynamics, and tissue responses 
to injury are not replicable in cadaveric models. In addi-
tion, we used a wide Bennett retractor in all specimens. 
Therefore, the results may not be generalizable to other 
types of Bennett. Future studies incorporating live models 
or advanced imaging modalities could provide further 
insight into the dynamic aspects of vascular impairment. 

 
Conclusion 
Using a Bennett retractor is associated with a significant 

risk of iatrogenic injury to the femoral head circulation, 
particularly MCFA perfusion. The development of alter-
native surgical instruments or techniques that reduce di-
rect mechanical stress on the femoral neck arteries could 
play a pivotal role in minimizing the risk of iatrogenic 
AVN. Anatomic variations of MCFA may affect the risk 
of this iatrogenic injury. However, this needs to be further 
investigated in future studies on a larger scale. 
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