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The best location for proximal locking screw for femur 
interlocking nailing: A biomechanical study

Ahmet A Karaarslan, Ahmet Karakaşli1, Hakan Aycan, Berivan Çeçen2, Didem Venüs Yildiz2, Erhan Sesli

ABstrAct
Background: Proximal locking screw deformation and screw fracture is a frequently seen problem for femur interlocking nailing that 
affects fracture healing. We realized that there is lack of literature for the right level for the proximal locking screw. We investigated 
the difference of locking screw bending resistance between the application of screws on different proximal femoral levels.
Materials and Methods: We used a total of 80 proximal locking screws for eight groups, 10 screws for each group. Three-point 
bending tests were performed on four types of screws in two different trochanteric levels (the lesser trochanter and 20 mm 
proximal). We determined the yield points at three-point bending tests that a permanent deformation started in the locking screws 
using an axial compression testing machine.
Results: The mean yield point value of 5 mm threaded locking screws applied 20 mm proximal of lesser trochanter was 1022 ± 49 (range 
986–1057) (mean ± standard deviation, 95% confidence interval). On the other hand, the mean yield point value of the same type of 
locking screws applied on the lesser trochanteric level was 2089 ± 249 (range 1911–2268). Which means 103% increase of screw 
resistance between two levels (P = 0.000). In all screw groups, on the lesser trochanter line we determined 98–174% higher than 
the yield point values of the same type of locking screws in comparison with 20 mm proximal to the lesser trochanter (P = 0.000).
Conclusion: According to our findings, there is twice as much difference in locking screw bending resistance between these 
two application levels. To avoid proximal locking screw deformation, locking screws should be placed in the level of the lesser 
trochanter in nailing of 1/3 middle and distal femur fractures.
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introduction

Intramedullary nailing is one of the generally accepted 
treatments of femoral shaft fractures.1,2 It is often 
threatened by failure of locking screws, particularly on 

comminuted fractures. The locking nails are load-bearing 
devices on comminuted fractures. Hence, they have to resist 

full weight bearing. In load-bearing cases, the load transfer 
between fractured fragments is made through mainly locking 
screws. Early failure of locking screws with comminuted 
fractures may cause nonunion, malunion, delayed union, 
shortening, and nail migration.3,4 Fatigue fractures of locking 
screws are reported with a high frequency of up to 50%.5 
The high rate of malunion in unreamed nails was correlated 
to frequent screw failure (52%) and nail failure (4%).6 The 
application level of transverse proximal locking screw varies 
between the lesser trochanter and 20 mm proximal to it 
according to postoperative radiographs of patients from 
clinical application.

In material science, the yield point of the material is 
described as the force at which a material starts to deform 
plastically. The material will deform elastically and will 
return to its original form when the applied force is 
eliminated, prior to the yield point. Once the yield point is 
exceeded, some part of the deformation will be permanent 
and nonreversible. Hence, the orthopedic implants must 
not be exposed to forces higher than their yield points. It 
was reported that fatigue life was correlated to the yield 
point of the screws in the three-point bending tests.7,8 
Furthermore, it was reported that while walking there is 
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a 2060 N (2.8 body weight [BW]) peak axial loading on 
the femur shaft for a 75 kg person and a 2280 N (3.1 BW) 
peak axial loading, while going down the stairs.9,10 For 
early level walking in comminuted femur fractures treated 
with locked nailing, for the proximal locking screws not to 
deform plastically the yield points of the screws must be 
higher than 2060 N (2.8 BW). In some studies, it is clarified 
that three-point bending test values decrease when the 
transcanalicular working length of the screw increases.11-13 
However, we couldn’t find any studies that compare the 
true yield points of locking screws for lesser trochanter 
and 20 mm proximal to it. Our study is the first to seek the 
appropriate trochanteric level that doesn’t cause locking 
screw deformation on level walking for comminuted and 
oblique femur diaphysis fractures.

The hypothesis of this study was that the proximal locking 
screw bending resistance was higher in the lesser trochanter 
level where the canal is narrower than 20 mm proximal of 
it. The trochanteric level is more suitable for locking screw 
insertion. Furthermore, the locking screws applied to lesser 
trochanter level can resist to 2.8 BW (2060 N) of load while 
the locking screws applied 20 mm proximal of the lesser 
trochanter aren’t able to. Is there significant difference 
of locking screw bending resistance between the application 
of screws on the lesser trochanteric level or 20 mm proximal 
of it? Which type of proximal locking screws can resist 
to 2.8 BW (2060 N) of load in load bearing conditions?

MAtEriAls And MEthods

We performed three-point bending tests on four types of 
screws with two different dimensions (5 mm and 5.5 mm) 
and with two different thread length (full and 17 mm 
tip thread) in two different trochanteric levels (the lesser 
trochanter line and two cm above the lesser trochanter).

We used 80 medical stainless steel (316 L) (manufactured 
by Hipokrat Medical Devices, Izmir, Turkey) proximal 
locking screws for eight groups, ten screws for each 
group [Table 1]. Smooth screws were only 17 mm tip 
threaded. All fully threaded screws had a low profile 
high pitch thread. We used two metal cylinders, one 
of them representing trochanteric level and the other 
representing 20 mm proximal of it. The inner and outer 
femoral cortex diameters were 30–45 mm on the level 
of lesser trochanter and 45–55 mm 20 mm proximal 
of lesser trochanter according to previous studies.14-17 
We designed the inner and outer diameters of these 
two metal cylinders according to femur measurements 
on previous studies. In groups 1, 3, 5, and 7 a metallic 
stainless steel cylinder (inner diameter of 45 mm, outer 
diameter 55 mm and length 440 mm) that mimicked the 
level of the femur, 2 cm above the lesser trochanter was 

used. In the second, fourth, sixth and eighth groups, a 
second metallic cylinder (inner diameter 30 mm, outer 
diameter 45 mm and length 440 mm) that mimicked the 
level of the femur on the lesser trochanter was used. 2 cm 
below their tip were two opposite holes with a diameter of 
6.5	mm.	A	locked	nail	(Tıpsan	Medical	Devices	Company,	
Izmir, Turkey) that was 380 mm in length, the proximal 
part of which was 13 mm in diameter with a 12 mm body 
diameter, was used for the three-point bending test. There 
is an oblong proximal locking screw hole which is 12 mm 
long and 6 mm wide 60 mm distal from the locked nail 
proximal edge. The nail was supported by two rings 
proximally and distally in case the locking nail should 
not move to the sides in the metal cylinder [Figure 1]. 
The rings, of which the outer diameter was 2 mm smaller 

Figure 1: Proximal locking screw three-point bending test

Table 1: Screw groups (geometry, deformation on the yield 
point and stiffness) tested in 3‑point bending test at the lesser 
trochanter level (30 mm span) and 20 mm proximal of it 
(45 mm span)
Screw groups (n=10) Core 

diameter 
(mm)

Total 
length 
(mm)

Mean±SD
Deformation 

on yield 
point (mm)

Stiffness 
N/mm

Group: 5 mm threaded 
screw in 45 mm span

4,5 70 1.34±0.017 839±127

Group: 5 mm threaded 
screw in 30 mm span

4,5 55 1.04±0.1 2423±247

Group: 5 mm smooth 
screw in 45 mm span

- 70 0.93±0.25 1174±215

Group: 5 mm smooth 
screw in 30 mm span

- 55 1.01±0.12 3689±165

Group: 5,5 mm threaded 
screw in 45 mm span

5 70 0.90±0.08 1328±55

Group: 5,5 mm threaded 
screw in 30 mm span

5 55 1.1±0.19 2727±449

Group: 5,5 mm smooth 
screw in 45 mm span

- 70 0.87±0.06 2003±104

Group: 5,5 mm smooth 
screw in 30 mm span

- 55 0.84±0.09 4511±300

N=Newton, SD=Standart deviation
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than the inner diameter of the cylinder, had 15 mm inner 
diameter, with a height of 10 mm. After two rings had 
been put on the nail by three screws, their free movement 
distally and proximally in the cylinder was checked. The 
screws to be tested were passed through metal cylinder 
holes which had a 6.5 mm diameter and a proximal locking 
screw hole of the nail [Figures 1 and 2]. The whole load is 
transferred from the proximal to distal in this experiment 
assembly through the proximal locking screw. There is no 
load sharing situation, instead a load bearing condition 
that imitate comminuted femur fractures.

The study was conducted in the Biomechanics 
Laboratory of our institute. The biomechanical tests 
were performed using the axial compression testing 
machine (AG-I 10 kN, Shimadzu, Japan). In this study, 
the loading rate was 1 mm/min in displacement control 
mode.7,8 The loading was made on the head of the nail 
[Figures 1 and 2]. In the current study, we studied the 
yield point of the stainless steel screw in this experimental 
design. The machine output force-displacement graphs 
on the computer monitor. During the biomechanical 
test period, bending in the elastic-plastic deformation 
border was determined in the force-strain graph. By 
visualizing the graphs, we detected the yield point after 
the straight line became curve. Then, we stopped the 
test. After every experiment, we checked all screws and 
nails macroscopically. All of the screws were bent in the 
middle of the screw on the compression site and did not 
have any fracture.

The data of the yield point values at the three-point bending 
test were evaluated using the Mann–Whitney U-test using 
SPSS software (version 15.0 for Windows, IBM Corp., 
NY, USA). The level of significant difference was defined 
as P < 0.05.

rEsults

We found the yield point values occurring in the line of the 
lesser trochanter to be 2 times more (on average, 98–174%) 
than the yield point 20 mm proximal to the lesser trochanter 
(P = 0.000) [Table 2]. We found the lowest yield point as 
1022 ± 49 (range 986–1057) N in 5 mm diameter fully 
threaded screws in 20 mm proximal to the lesser trochanter 
[Table 2]. We found the highest yield point as 3532 ± 255 
(range 3349–3714) N in smooth 5.5 mm diameter smooth 
screws in the line of the lesser trochanter [Table 2].

20 mm proximal to the lesser trochanter we determined the 
yield points at three-point bending test of all locking screw 
groups below 2060 N [Table 2]. In the lesser trochanter 
line, we determined the yield points of 3 locking screw 
groups (5.5 mm diameter fully threaded screws, 5.5 mm 
diameter smooth screws and 5 mm diameter smooth screws) 
above 2060 N [Table 2]. We determined that the yield 
points of 5 mm diameter fully threaded screws was critical 
as 2089 ± 249 (range 1911–2268) N in terms of 2060 N 
axial loading to femur.

discussion

There is twice as much difference in locking screw bending 
resistance between lesser trochanter level and 20 mm 
proximal of it. To allow early weight bearing in femur 
fractures, proximal locking screws must be placed at the 
level of the lesser trochanter. Placing the locking screw 
20 mm proximal to the lesser trochanter must not be used.

According to our findings, the greatest factor which 
determines the proximal locking screw three point bending 
strength was the femur canal diameter (i.e., transcanalicular 
working length of the locking screw). While the diameter of 
the channel increased, the yield point value decreased fast. 

Figure 2: Application of the test on the axial compression testing 
machine

Table 2: The comparison of values of the yield points 
(mean±SD; 95% CI) at 3‑point bending test between 20 mm 
proximal to the lesser trochanter in 40 screws and lesser 
trochanter line in 40 screws
Screws (n=40) N, Mean±SD (95%CI) P (based on 

Mann‑Whitney 
U test)

20 mm proximal 
to the l.t. 

(45 mm span)

Lesser 
trochanter level 
(30 mm span)

5 mm 
threaded

1022±49 
(986-1057)

2089±249 
(1911-2268)

P=0,000
Increase: 103%

5 mm 
smooth

1164±337 
(922-1406)

3190±246 
(3013-3366)

P=0.000
Increase: 174%

5.5 mm 
threaded

1186±139 
(1086-1286)

2760±387 
(2484-3037)

P=0,000
Increase; 132%

5.5 mm 
smooth

1775±122 
(1688-1862)

3532±255 
(3349-3714)

P=0,000
Increase: 98%

N=Newton, SD=Standart deviation, CI=Confident interval, l.t=Lesser trochanter
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Our findings showed that in the line of the lesser trochanter, 
the yield point of the locking screws was at least two times 
higher than in 20 mm proximal to the lesser trochanter 
in all groups. It’s reported that when transcananicular 
working length of the locking screw decreases, the yield 
point strength at 1 mm three-point bending deformation 
increases.11-13 Chao et al.,7 Hou et al.8 and Lin and Hou18 
measured single loading yielding strength value with 1 mm 
deformation and also cyclic loading fatigue life of screws in 
the three point bending test using a polyethylene cylinder 
which had a 30 mm inner diameter. Aper et al. applied a 
three point bending test in aluminum tubes of 19 mm and 
31.8 mm inner diameter with cortical screws that were 
2.7 mm in diameter.12 When the tube’s inner diameter 
increased, less frequent cyclic loading was required for screw 
failure. At the level of the femur’s lesser trochanter, thin but 
short and transverse locking screws showed higher bending 
strength than thick inclined screws.11

As in the test with the polyethylene cylinder, the pull out and 
holding power of the locking screw came into play, making 
yield point determination impossible. Instead of yield point 
determination, the locking screw three point fatigue life tests 
were mostly performed.19,20 In their cylinders, the holes 
were not bigger than the screw diameter. Therefore, the 
pull-out and holding power of the locking screws could not 
be eliminated. They measured the force around the point 
of 1 mm deformation, which was defined as the “yielding 
strength” instead of the “true yield point.”7,8,18 We also 
determined that the holes in the metal cylinder started to 
apply a holding power effect on the thread of locking screws 
when the screw bended. We concluded that the diameter 
of the smallest metal cylinder screw hole must be 6.5 mm 
in order to state the yield point clearly.

Locking nails work as full load bearing implants on 
comminuted, oblique femur fractures and high energy 
fractures that bone resorption on the fracture site is 
frequently seen. In these fractures, for early weight bearing 
proximal locking screws must resist BW loading. Taylor et al. 
reported that there was peak axial load of 2280 N (3.1 BW) 
on the femur while going down the stairs and that there was 
peak axial load of 2060 N (2.8 BW) on the femur during 
level walking for a 75 kg person.9,10 For comminuted femur 
fractures in level walking; for the proximal locking screws 
not to deform plastically, the yield points of these locking 
screws must be higher than 2060 N. By the result of our 
study we determined that the yield points of all locking 
screws groups (5 mm, 5.5 mm threaded, unthreaded) 
were below 2060 N, on the level of 20 mm proximal to the 
lesser trochanter. We determined that the 5 mm or 5.5 mm 
diameter smooth locking screw and the 5.5 mm diameter 
fully threaded locking screw, which is applied only in the line 

of the lesser trochanter, could resist up to 2060 N of axial 
loading. According to our results, there may be failure in 
all screws placed 20 mm proximal to the lesser trochanter 
in level walking for load bearing nails. Eventually, the 
reduction of the fractures fail. Deformity, shortness and 
nonunion may be the result.

In this study the loads were applied on the nail vertically, in a 
complicated experimental assembly imitating physiological 
nonvertical or angled forces, it would be impossible to 
determine the exact yield points of a lock screw. It is 
limitation of our study that we didn’t use composite femur, 
but in a test assembly with that material, we found out 
that it’s impossible to find out the sudden deformation that 
appear on the force deformation graph belongs to which 
locking screw deformation (one proximal and two distal 
locking screws). We found out that deformations appear on 
the fixation points of composite femur and the test machine. 
Also deformations appear on the holes of the screws on 
composite femur during the three-point bending tests. So 
that it was uncertain if the deformation that appears on 
force-deformation graph, belonged to these deformations or 
the screw deformation itself. We discovered that a very little 
deformation like 0.1 mm affects the test seriously and makes 
it impossible to determine the exact yield point. Materials 
like cadaver femur, poliethilene or aluminum cylinders 
could be used for this study. However, holes of polyethylene 
cylinder or cadaver femur can also be deformed during 
three-point bending tests. So that it’s impossible to differ 
screw deformation from the cylinderic material deformation 
or holes of it. We searched for the perfect experiment system 
that would allow us to determine the exact yield points of 
the screws. That’s why we used stainless steel cylinders, 
holes of which and itself cannot be deformed.

Clinically, a short distance between the screw location and 
the fracture site may be presumed as the cause of a larger 
bending stress on the screw nail interface, so in femur 
proximal shaft fractures inserting the proximal lock screw 
higher is more appropriate.

Consequently, in intramedullary nailing of femur middle 
1/3 and distal fractures, a proximal locking screw should be 
placed in the level of the lesser trochanter. 20 mm proximal 
to the lesser trochanter level may be used for proximal 
femur shaft fractures.
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