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Abstract—  

Background 

The use of flexible nails in paediatric femoral fractures is widely accepted. Flexible nails are uniformly bent in a C-shaped 

curve and apex (maximum curve of the nail) is matched to the fracture site. This biomechanical study analyzes how the 

relationship of the apex of the elastic nails to the level of the fracture influences the stiffness in a synthetic bone model. 

Materials Methods 

Twelve synthetic femurs were divided into three groups (n=4/group) depending on the level of fracture. Retrograde elastic 

nailing was performed with a pair of pre-bent C-shaped nails and inserted with the apex of the nail in middle of the shaft. We 

compared Group A (fracture 2.5cms distal to the middle of the shaft) group B (fracture in the middle of the shaft) and group 

C (fracture 2.5cms proximal to the middle of the shaft) using 4-point testing 90º (antero-posterior) and 0º (medio-lateral) to 

the plane of the nails.  

Results 

Group A showed significantly higher stiffness in antero-posterior and medio-lateral planes.   

Conclusion 

This study demonstrates that when the  cortical entry point  and the apex of the nails are on either side of fracture has 

highest stiffness characteristics. 

ARTICLE SUMMARY 

Article focus:  

 Flexible intra medullary nailing for diaphysial fractures of the femur that are not mid shaft. 

 The importance of curving the apex of the nails at the fracture site. 

 How the stiffness of the nail- bone construct changes as the fracture level is moved from distal to proximal when the 

apex of a nail is constant in the mid- shaft. 

Key messages: 

 This study demonstrates that in a synthetic femoral model stabilised with retrograde inserted elastic stable nails 

curved in a C shaped fashion providing three point contact, the highest stiffness characteristics of the nail-bone 

construct in antero posterior and medio lateral planes is on having the cortical entry point is on one side and apex & 

tip of the nail are on other side of the fracture.  

 The stiffness of the nail-bone construct is higher as the fracture is moved more distally. 

 More proximal fractures need secondary stabilisation to prevent displacement. 

Strengths and limitations of this study: 

 The first study comparing apex of the curve to the level of fracture in retrograde inserted C – shaped flexible nails. 

 Standardised bone- nail construct models tested using American Society for Testing and Materials (ASTM) 

standards. 
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 Synthetic bones used and the effect of cyclical loading, torsion and elastic recoil of the bone nail construct was not 

examined in this study.  

I. INTRODUCTION 

Fixation using elastic stable intra-medullary nails (ESIN) has established itself to be a reliable mode of stabilising long bone 

fractures in children
 [1-3]

. Mechanical stability of a nail-bone construct is essential for satisfactory clinical outcome.  

Stability of retrograde inserted elastic stable nails of femoral fractures is created by pre-tensioning of two elastic nails by 

curving them in a C- shaped fashion. To get maximum stability at the fracture site it is recommended to curve the nails at the 

level of the fracture 
[4-5]

. To get the maximum curve (apex) of the nails at the level of fracture is technically difficult, 

especially if the fracture is proximal or distal to the mid-shaft. Little has been published in comparing positions of the apex of 

the nails to the level of fracture in terms of bending stiffness of the construct when the fracture is not in the mid-shaft.  

This study aims to understand the biomechanical relationship of the apex of the nail to the level of fracture by studying two C 

shaped nails inserted in a synthetic femur when the level of fracture is changed from proximal, midshaft and distal to the 

apex of the nails. The apex of the nails is kept constant in the middle of the bone. The change in stiffness characteristics of a 

flexible nail-bone construct is studied using four point bending test.   

II. MATERIALS AND METHODS 

This study used twelve composite anatomical synthetic femoral bones (model no. 2162, Synbone, Switzerland) that had a 

length of 45cm and canal diameter of 9.5mm. The flexible nails used in this study were titanium elastic nails (TEN, Synthes).  

The nails were circular in cross section and 4mm in diameter and the tip of the nail is flattened and curved. The nails were 

contoured using a free hand technique into a uniform 30 degree bow with the nail tip pointing to the concave side of the 

bowed nail. This was consistent in all the samples. The apex of the curve corresponded to the middle of the bone in all the 

samples. Entry points were made 2cm proximal to the distal metaphyseal flare on either side of the femur. The two pre-bent 

nails were inserted in retrograde fashion into the medullary canal of the synthetic femur using standard elastic stable 

intramedullary nailing (ESIN) instrumentation and technique. This formed the nail-bone construct for this study.  

Simulated transverse fractures were created using handheld saw. The 12 nail-bone constructs analysed were divided into 

three groups (n=4 per group) based upon the level of the fracture in relation to the apex of the curve of the nails.  

Group A included constructs in which the fracture was 2.5cm distal to the apex of the curve of the nail. Group B included 

constructs in which the fracture was at the level of the apex of the curve of the nail. Group C included constructs in which the 

fracture was 2.5cm proximal to the apex of the curve of the nail as shown in figure. 1. 

 
FIGURE 1: FEMUR WITH TWO C-SHAPED FLEXIBLE NAILS WITH APEX OF THE CURVE IN THE MIDDLE OF THE 

BONE. THE THREE LINES REPRESENT THE THREE LEVELS OF FRACTURES IN THE STUDY. 
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The method of mechanical testing was adapted from the American Society for Testing and Materials (ASTM)
[6]

. Four-point 

bending was done using a tension compression machine (Instron 3367, dual column tabletop universal testing system) with a 

30KN load cell as shown in figure. 2.  

Each construct was tested three times in the antero-posterior (AP) plane that is a plane perpendicular to the plane of the nails 

as shown in figure 2. Testing was repeated in the medio-lateral (ML) plane that is parallel to the plain of the nails to a 

maximum load of 200N. The rate of loading was set at 0.2mm per second with no upper limit of maximum displacement. 

Force displacement curves were plotted for testing in both planes. 

 
FIGURE 2: SHOWING FOUR POINT TESTING IN AP PLANE 

 

Analysis of variance (ANOVA) was used to find the significance of study parameters between three groups of constructs.  

III. RESULTS 

The twelve nail-bone constructs were analysed in antero- posterior and medio-lateral planes. The stiffness of the constructs 

was better in the AP plane compared to ML plane in all the three groups.  

3.1 Antero-posterior (AP) plane -four point bending stiffness results: 

The results for four point bending stiffness in antero-posterior plane are shown in Table 1. 

TABLE 1 

FOUR POINT BENDING STIFFNESS AP PLANE N/MM 

 Group A Group B Group C 

Mean 22.09 16.01 15.61 

Standard Deviation 6.12 3.04 6.38 

Standard error of mean 0.27 0.10 0.26 
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3.2 Medio-lateral (ML) plane -four point bending stiffness results: 

The results of bending stiffness in medio-lateral plane for the three groups are shown in table 2. 

TABLE 2 

FOUR POINT BENDING STIFFNESS IN (ML PLANE) N/MM 

 Group A Group B Group C 

Mean 26.89 17.95 16.33 

Standard deviation 3.62 2.21 4.62 

Standard error of mean 0.16 0.08 0.18 

 

Figure 3 shows box and whiskers plot shows the distribution of data in medio-lateral plane.  
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FIGURE 3. BOX AND WHISKERS PLOT SHOWING THE SPREAD OF DATA FOR SPECIMENS IN ANTERO-

POSTERIOR PLANE 
 

In the AP and ML planes the mean stiffness of group A was higher than group B and C. This difference was statistically 

significant (p<0.001). The mean stiffness of Group B and C showed statistical significant difference (p<0.001) between them 

but the actual difference was minimal.  
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FIGURE 4. BOX AND WHISKERS PLOT SHOWING THE SPREAD OF DATA FOR SPECIMENS IN MEDIO-LATERAL 

PLAN 
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IV. DISCUSSION 

Bone-nail constructs with fracture 2.5cms distal to the apex of the nail (group A) were stiffest in both antero-posterior and 

medio-lateral planes in comparison with group B and C. These results were statistically significant (p<0.001). The increased 

stability of this construct compared to the other two (group B & C) may be due to the fact that the three point contact which 

the C- shaped nails provides is distributed with the cortical entry point is on one side and apex and tip of the nail on the other 

side of the fracture. This reduces the working length of the flexible nails which in turn increases the stiffness of the construct.  

Previous authors describing the technique of retrograde C shaped elastic nail insertion have suggested that the apex of the 

nail should be at the fracture site
[4-5]

. This is due to the concept that the widest separation of the two C shaped nails at the 

fracture site giving maximum stiffness 
[7-8]

. This is not supported by our biomechanical study on synthetic bone-nail model 

tested with four point testing.  

We performed four point mechanical testing in keeping with ASTM standards. This has been used by previous authors 

studying flexible nails. Mehlman  et al
[9] 

used four point testing to compare retrograde and ante grade nails for very distal 

femoral fractures. They proposed retrograde nailing to antigrade nailing wherever possible. Our study is different from this 

study as we are comparing diaphysial fractures of the femur 2.5cm on either side of the midshaft. 

Johnson et al
 [10]

 suggested that for stable fixation with flexible nails a minimal three cortical diameters past the fracture is 

essential for maximum stability. There was no difference of stiffness when comparing three versus five diameters past the 

fracture site in their study. One or two diameters past the fracture was found to be grossly unstable.  In our study care was 

taken to have fixation of the nail at least three diameters past the fracture site in all the three groups. Thus the difference in 

results of the three groups is not related to the length of the nails past the fracture site.  

 The mean stiffness of groups B and C were less than group A in both AP and ML planes. In a clinical setting additional 

method of stabilisation of the bone may be essential for proximal femoral fractures following retrograde flexible nailing. 

Similar suggestions have been made for comminuted fractures and high energy injuries to augment with hip spica to prevent 

malalignment for the first three weeks
[2]

. 

This study is the first in attempting to understand the stiffness characteristics of a bone nail construct as the level of the 

fracture is change in relation to the apex of the curve is not without its limitations. The use of synthetic bones is not 

comparable to cadaveric specimens, but they are more consistent during experimentation. Similar to other biomechanical 

studies using synthetic bone models, the effect of secondary soft tissue and muscle forces on stability cannot be taken into 

consideration. The effect of cyclical loading, torsion and elastic recoil of the bone nail construct was not examined in this 

study.  

V. CONCLUSION 

This study demonstrates that in a synthetic femoral model stabilised with retrograde inserted elastic stable nails curved in a C 

shaped fashion providing three point contact, the highest stiffness characteristics of the nail-bone construct in antero posterior 

and medio lateral planes is on having the cortical entry point is on one side and apex & tip of the nail are on other side of the 

fracture.  
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