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Introduction 

     Retrograde nailing of the femur is an established 

technique for treating fractures. If fractures are more 

proximally located, the implant must pass through an intact 

bone section. The anatomy of the femur, especially its 

curvature in the sagittal plane, shows great inter-individual 

differences. The shape of the nail affects the tension between 

the nail and the intact bone. The position of the nail entry 

point at the distal femur inevitably also plays a role. The 

shape of the nail should be adapted to the anatomical 

conditions as well as possible. The aim of this anatomical 

examination was to find the best fitting bent of a nail implant 

for retrograde femoral implantation. 

 

Materials and Methods 

     We took 12 femur bones from the Institute of Anatomy 

for the examination. The mean age was 74 years (from 53 to 

87) with an equal distribution of gender (6 male, 6 female). 

Bones with deformities or signs of previous fractures were 

excluded, as were specimens with higher-grade arthritic 

changes. The length of the entire bone and the diameter of the 

femoral head and condyles were measured with an accuracy 

of 1 mm. The mean values together with Standard deviation, 

minimal and maximal values are displayed in Figure 1. 

 

Figure 1: Length and diameter of the used specimens (n=12). Mean 

value (M), Standard Deviation (ST DEV), Minimum (MIN), and 

Maximum (MAX) are displayed in the graphic. The ‘x’ marks the 

proximal end of the cortical femoral canal. 
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     The nail diameter was for all nails 10 mm1. The distal nail 

entry portal was defined on the specimens under direct view. 

The femur was perforated slightly above the intercondylar 

notch with a pointed awl by an experienced surgeon (Figure 

2). A standard reaming system was used, and the canal was 

reamed in 0.5 mm increments from 10 mm to a maximum of 

12.5 mm using a guide wire. After each drill step, the nail 

penetration depth was systematically tested with nine 

differently pre-bent steel implants. The curvature of the nails 

ranged from 100 cm to 800 cm. In addition, a straight nail 

was tested, so that a total of nine nail types were available for 

testing. 

 

Figure 2: View from distally to the femur condyles. (a) Example of 

an entry portal for the retrograde nail (after reaming to 12.5 mm). A 

millimeter foile is placed on the surface of the specimens. (b) The 

silhouette is contoured and shows the position of the entry portal. 

The respective millimeter foile is placed at the right side of the 

contoured specimen. (c) The figure shows an overlay of all contours 

(n=12) with the respective position of the entry portal. The quadrat 

shows the overlay of all millimeter folies. 

 

Figure 3: Mean values of the nail introduction depth (y-axis in cm) 

after the respective reaming step (all implants x-axis, radius of the 

implant in cm). 

     To avoid systematic errors, the test sequence of the 

differently bent nails was randomly determined prior to 

testing, so that no systematic error could occur due to a 

gradual expansion of the drill channel by the tested nails. In 

order not to distort the results by different feed forces, a 

weight force of 100 N was used for all implants. The depth 

of penetration was measured after the respective implant was 

inserted with a ruler and an accuracy of 1 mm. 

 

Results 

     The mean values for the nail penetration depth and the 

respective standard deviations are given in Table 1. The 

graph in Figure 3 illustrates the result for the individual 

drilling steps. The entry of the standard deviation in the graph 

has been omitted for better clarity. 

     The prebending of the nails has a clear influence on the 

stress-free implantation. The depth of the implantation 

increases with the radius of curvature and the most strongly 

pre-bent implant with a radius of curvature of 100 cm shows 

the best values. The worst values are measured for a straight 

implant. 

     The end of the cortical bone canal below the Trochanter 

minor is marked with an ‘x’ in Figure 1. From the nail entry 

point at the distal femur to this point, an average of 34. 8 cm 

was measured. A low-tension implantation over this distance 

is achieved only by the most strongly pre-bent nails. In 

reverse, less drilling is required for the implantation of a pre-

bent nail. 

     Table 2 shows the comparison of the nail implants against 

each other. All drilling steps were summarized, and all values 

obtained with one type of implant were tested against the 

values of any other implant. Since the collected data did not 

show a normal distribution (Normality test Shapiro-Wilk) the 

Mann-Whitney Rank Sum Test (paired) was used for the test 

(software SigmaPlot™). The respective level of significance 

is entered in the table. 

 

Discussion 

     The antegrade nail is understood as a standard technique 

for femoral fractures. However, retrograde nailing technique 

can be beneficial in particular for distal fractures of the 

femur. The presence of proximal implants or prostheses 

may also require retrograde technique [1]. 

The results of some studies show that antegrade nailing is
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Table 1: Mean values of all measurements. The different nails are entered in the left column. The results of the introduction depth after the 

respective drilling step together with the standard deviation (n=12) can be found in the columns to the right. 

Nail bent 10 Stdev 10.5 Stdev 11 Stdev 11.5 Stdev 12 Stdev 12.5 Stdev 

100 20.0 7.7 26.7 5.7 29.6 4.8 31.3 2.2 32.0 2.0 34.2 2.1 

200 22.0 6.5 25.5 5.7 27.9 4.7 29.7 3.5 30.9 4.0 32.4 3.2 

300 19.3 6.6 24.0 5.4 27.4 5.2 28.4 4.2 29.5 4.0 30.2 4.5 

400 18.8 6.6 24.0 5.4 27.1 5.2 27.9 4.7 29.1 3.9 29.7 4.2 

500 18.9 6.6 23.7 5.6 26.6 5.0 27.8 4.7 28.9 3.9 29.4 4.2 

600 20.2 6.1 23.3 5.4 26.3 5.1 27.4 4.8 28.1 4.3 28.9 4.3 

700 20.5 6.2 23.7 5.3 25.8 5.3 26.5 4.7 27.5 4.2 28.4 4.1 

800 17.1 5.4 20.8 4.7 23.1 4.6 24.1 4.1 24.8 4.1 25.9 4.5 

straight 18.4 5.3 21.1 4.7 22.1 4.3 23.5 4.1 23.9 4.1 24.8 4.6 

Legend: Stdev: Standard Deviation 

 

Table 2: Statistical evaluation (Mann-Whitney Rank Sum Test). The numbers in the first row and in the left column indicate the nails tested 

against each other (1=100 cm radius to 9 = straight nail). 

  2 3 4 5 6 7 8 9 

1 0.237 0.015 0.003 <0.001 <0.001 <0.001 <0.001 <0.001 

2   0.174 0.069 0.023 0.007 0.002 <0.001 <0.001 

3    0.642 0.389 0.257 0.125 <0.001 <0.001 

4     0.604 0.37 0.189 <0.001 <0.001 

5      0.688 0.189 <0.001 <0.001 

6        0.688 <0.001 <0.001 

7        <0.001 <0.001 

8               0.627 

 

comparable with retrograde nailing even in proximal shaft 

fractures in terms of bone complication rates [2-6]. Also, 

regarding knee joint function, no worse results are reported 

for retrograde nailing [7]. Nevertheless, the retrograde 

technique is used less frequently in fractures located 

extremely far proximally. Special circumstances, such as a 

higher degree of obesity, but also the soft tissue-saving and 

time-saving technique of retrograde nailing, make retrograde 

technique appear advantageous over other methods [8,9]. 

     The starting point at the distal condyles should be chosen 

carefully in order to avoid damage to the weight bearing 

surface and  to match the curvature of the femur [10]. One 

problem is choosing a suitable implant. Sanders used the AO 

Universal Tibia Nail instead of the AO Universal Femoral 

Nail [1]. He reported a better fitting of the tibial nail in the 

retrograde stabilization of the femur. 

     However, there are few reports of complications in 

retrograde nailing of the femur [5,11]. The use of a longer 

nail implant for retrograde nailing with support in the marrow 

cavity seems to be advantageous [12] but seems to benefit 

from a better fitting implant related to anatomy. 

     Johnson and Tencer [13] concluded in their study that a 

radius of curvature of 109 cm would match the natural 

antecurvation of the human femur. A systematic test of 

different curvatures for retrograde nailing of the femur is not 

found in literature. However, our findings are in accordance 

with Johnson and Tencer [13].  The here reported results of 

the systematic testing of nails with different radius of 

curvature proofs the superiority of nail implants with 100 cm 

for retrograde medullary stabilization. 
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Footnotes: 1All nails used for this experiment were provided by Orthofix SRL, Bussolengo, Verona 37012, Italy. 
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