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	� BIOMECHANICS

Effect of the additional anteroposterior 
blocking screw on nail/medullary canal 
mismatch after cephalomedullary nailing 
in unstable pertrochanteric fracture

A FINITE ELEMENT ANALYSIS

Aims
There are concerns regarding nail/medullary canal mismatch and initial stability after ceph-
alomedullary nailing in unstable pertrochanteric fractures. This study aimed to investigate 
the effect of an additional anteroposterior blocking screw on fixation stability in unstable 
pertrochanteric fracture models with a nail/medullary canal mismatch after short cepha-
lomedullary nail (CMN) fixation.

Methods
Eight finite element models (FEMs), comprising four different femoral diameters, with and 
without blocking screws, were constructed, and unstable intertrochanteric fractures fixed 
with short CMNs were reproduced in all FEMs. Micromotions of distal shaft fragment related 
to proximal fragment, and stress concentrations at the nail construct were measured.

Results
Micromotions in FEMs without a blocking screw significantly increased as nail/medullary ca-
nal mismatch increased, but were similar between FEMs with a blocking screw regardless of 
mismatch. Stress concentration at the nail construct was observed at the junction of the nail 
body and lag screw in all FEMs, and increased as nail/medullary canal mismatch increased, 
regardless of blocking screws. Mean stresses over regions of interest in FEMs with a blocking 
screw were much lower than regions of interest in those without. Mean stresses in FEMs 
with a blocking screw were lower than the yield strength, yet mean stresses in FEMs without 
blocking screws having 8 mm and 10 mm mismatch exceeded the yield strength. All mean 
stresses at distal locking screws were less than the yield strength.

Conclusion
Using an additional anteroposterior blocking screw may be a simple and effective method to 
enhance fixation stability in unstable pertrochanteric fractures with a large nail/medullary 
canal mismatch due to osteoporosis.
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Article focus
	� To investigate the effect of an additional 

anteroposterior (AP) blocking screw 
on the bone- nail construct for nail/
medullary canal mismatch after short 

cephalomedullary nailing in unstable 
pertrochanteric fractures.

Key messages
	� The mean stresses at the nail construct 

and micromotions of distal shaft fragment 
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related to proximal fragment significantly increase 
as the nail/medullary canal mismatch increases in 
specific unstable pertrochanteric fracture models 
fixed with a short cephalomedullary nail.
	� Using an additional AP blocking screw for these frac-

tures with nail/medullary canal mismatch greatly 
reduces micromotions of distal shaft fragment and 
stress concentration at the nail construct.
	� The additional AP blocking screw can be a simple 

and effective method to enhance fixation stability in 
unstable pertrochanteric fractures with a large nail/
medullary canal mismatch due to osteoporosis.

Strengths and limitations
	� This is the first finite element analysis to investigate 

the effect of an additional AP blocking screw on fixa-
tion instability due to nail/medullary canal mismatch 
after cephalomedullary nailing in specific unstable 
pertrochanteric fractures.
	� Large- cohort clinical comparative studies are needed 

to confirm our results, and to verify the availability of a 
blocking screw in these fractures, as the current find-
ings are based on an experimental study.

Introduction
Pertrochanteric hip fracture is one of the most common 
injuries in the elderly population, and its incidence is 
continuously increasing owing to demographic changes 
and the increased incidence of osteoporosis.1,2 Short 
cephalomedullary nails (CMNs) have been widely used 
for unstable pertrochanteric fractures, including reverse 
obliquity, subtrochanteric extension, and fracture exten-
sion into the lateral wall, as they are biomechanically 
superior to extramedullary devices and are less invasive.3 
In addition to the continuous improvements in implant 
design to enhance fixation stability, short CMNs have 
showed favourable outcomes for the aforementioned 
fractures.4

As the ageing population increases, the number of 
elderly patients who suffer unstable pertrochanteric frac-
tures with marked osteoporosis and the corresponding 
risk of fixation failure in this population increases.5 In 
osteoporotic elderly patients, the medullary canal diam-
eter widens, whereas the cortex becomes thinner,6 and 
the variety of usable short CMN diameters is limited in 
practical terms due to stock issues (although this may 
be slightly different for each manufacturer). Therefore, 
a nail/medullary canal mismatch may occur after cepha-
lomedullary nailing in osteoporotic pertrochanteric frac-
tures, especially at the metaphyseal- diaphyseal junction. 
The distal shaft fragment may move mediolaterally along 
the axis of a distal locking screw when a large nail/medul-
lary canal mismatch with no nail- cortex contact occurs,7 
consequently causing fixation instability intraoperatively 
or postoperatively in specific unstable fracture patterns, 

and possibly increasing the risk of nonunion, fixation 
failure, or peri- implant fracture. Although it has not been 
addressed in the literature yet, and various treatment 
options can be considered, using an additional antero-
posterior (AP) blocking screw in such a mismatch can be 
a simple and useful alternative to achieve more secure 
fixation without nail exchange. An additional AP blocking 
screw inserted adjacent to the nail, which is used when 
nailing in supra- or infraisthmic long bone fractures, 
reduces the width of the medullary canal and increases 
the mechanical stability of the bone- nail construct.8 
This blocking screw can enhance fixation stability of the 
distal shaft fragment for nail/medullary canal mismatch 
after short cephalomedullary nailing in specific unstable 
pertrochanteric fracture patterns. However, there is little 
information on the effect of additional AP blocking screws 
on this mismatch after short cephalomedullary nailing in 
unstable pertrochanteric fractures.

Therefore, this finite element analysis (FEA) study 
aimed to mechanically investigate the effect of an addi-
tional AP blocking screw on the bone- nail construct for 
nail/medullary canal mismatch after short cephalomedul-
lary nailing in unstable pertrochanteric fractures.

Methods
Finite element model. A previously verified 3D finite el-
ement model (FEM) was used in this study.9,10 We per-
formed intact left femur CT at a transverse resolution 
of 1.0 mm in 1.0 mm increments. The geometry of the 
femur and medullary canal surfaces was reconstructed 
using CT slice images created using the Mimics program 
version 21.0 (Materialise, Belgium). The intact femoral 
shape was obtained through geometry extraction, and 
subsequently volume- meshed with isotropic tetrahedral 
element types. To verify FEM, a strain was measured by 
attaching a strain gauge at a total of 20 points on the 
anterior, posterior, medial, and lateral sides of the mod-
el, and compared with that of the study by Heiner and 
Brown.10 An osteoporotic bone model was reproduced 
according to a previously verified model.11 The unstable 
intertrochanteric fracture corresponding to AO/OTA 31- 
A3.3 was reproduced using the automatic solid and mesh 
generation program (ABAQUS) version 6.14 (Dassault 
Systems, France).12 The lesser trochanter was removed, 
and the fracture gap was set at 2 mm. To investigate the 
effectiveness of the blocking screw in varying degrees of 
nail/medullary canal mismatch, four FEMs with different 
medullary canal osteoporotic femur diameters – namely 
16, 18, 20, and 22 mm – were implemented (Figure 1). 
Medullary canal diameter was measured at 10 cm below 
the mid lesser trochanter line, directly above the distal 
locking screw level.13

Short Gamma 3 CMNs (Stryker, USA), which were 
170  mm in length and 12.0  mm in nail diameter, and 
had a 125° caput- collum- diaphyseal angle, a 100 mm lag 
screw length, and a 26 to 32  mm distal locking screw 
length, were used in this study. The geometry of all nail 
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configurations was constructed in the intramedullary 
canal of each fractured FEM using ABAQUS. The lag 
screw was inserted into the centre- to- centre position in 
the femoral head, and the tip- apex distance was set to 
22.92 mm on the AP and lateral views. Anatomical reduc-
tion was assumed in all models while maintaining the 
fracture gap. A cortical screw that was 32 mm in length 
and 3.5 mm in diameter was used as the blocking screw in 
the metaphyseal- diaphyseal junction, right inside the nail 
and at 10 mm below the transverse fracture line in the AP 
direction (Figure 1). Eight models were reproduced using 
combinations of four different medullary canal diameters, 
with and without blocking screws.

Eight- noded hexahedral and four- noded tetrahedral 
elements were created using ABAQUS to build the mesh 
of the fractured femur model and that of the Gamma 
3 CMNs. These elements enabled the definition of the 
different material properties, and maintained contact 
conditions in the fracture plane.
Material properties. FEM analysis assumed that the bone 
structure has homogeneous and isotropic linear proper-
ties. The elastic modulus (E) was calculated using a mean 
CT Hounsfield unit (HU) value of 120.8 (standard devia-
tion (SD) 41.8)  to assign cancellous bone properties to 
the femoral model.14 The relationship between HU and 
elastic modulus was analyzed as follows:15,16

ρ = 13100 + 1067HU
E = 6850 ρ1.49

where ρ is the apparent density (g/cm3) and the unit 
of E is megapascal (MPa). The material properties of the 
femoral cortical bone, nail, and blocking screw were 
studied from earlier publications (Table I).17,18 For analytic 

purposes, titanium alloy (TI6Al4V) was used for the 
Gamma 3 nails (Young’s modulus 114 GPa, Poisson ratio 
0.34), and stainless steel (316 L) was used for the blocking 
screws (Young’s modulus 147  GPa, Poisson ratio 0.29). 
Different material properties were assigned to different 
femoral regions.
Boundary and loading conditions. Assuming the one- 
leg stance has normal ambulation, hip joint reaction 
forces (2,013.9 N, 300% of the body weight) were load-
ed on the femoral head, and an abductor muscle force 
(671.3 N, 100% of the body weight) was applied to the 
lateral surface of the greater trochanter.19,20 The forces of 
the hip joint reactions and abductor muscles were act-
ing at a position 20° from the vertical line in the frontal 
plane (Figure 2). The general contact condition was ap-
plied using a friction coefficient of 0.42 to allow optimal 
movement between the nail and bone. The frictional co-
efficient was set at 0.2 for the nail and lag screw, 0.5 for 
the nail and blocking screw, and 0.46 for proximal and 
distal bone fragment interactions.21 A 'tie' contact condi-
tion was applied in this study, assuming full constraints 
between bone and bone, between bone and lag screw, 
and between bone and distal locking screw.

Fig. 1

Finite element models with different nail/medullary canal mismatch of unstable pertrochanteric fractures.

Table I. Material properties applied for the finite element model analysis.

Variable
Elastic modulus (E), 
MPa Poisson’s ratio (v)

Cortical bone 17,000 0.3

Cancellous bone
Normal bone 920 0.2

Osteoporotic bone 574 0.2

Cephalomedullary nail 
(TI6Al4V)

113,800 0.34

Blocking screw (316L) 146,860 0.29
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FEM analysis. Eight FEMs were analyzed using combina-
tions of four different nail/medullary canal mismatch – 
namely 4, 6, 8, and 10 mm – with or without blocking 
screws. The micromotion at the transverse fracture site 
around the metaphyseal- diaphyseal junction was meas-
ured to investigate distal shaft fragment mediolateral in-
stability. Micromotion (μm) was defined as the distance 
between the positions of the distal fragment in the coro-
nal plane before and after applying axial loading on each 
FEM. The micromotion of the distal fragment relative to 
the proximal fragment was measured through the mean 
coronal displacement of all nodes on the fracture surface 
between the proximal and distal fragments (Figure 3).

Stress concentration on CMNs, distal locking screws, 
and cortical bone was examined. The mean stress over 
a region of interest (ROI) was measured in each FEM and 
compared to the yield strength of the nail construct. 
We set the regions in which the peak von Mises stresses 
(PVMSs) on the nail, distal locking screw, and cortical 
bone were observed as the ROIs of each FEM. The yield 
strength value of the nail- bone construct was referenced 
from previous studies (TI6A14V, 880 MPa, cortical bone, 
114 MPa).22

Results
Micromotions of distal shaft fragment related to proxi-
mal fragment. The micromotion of distal shaft fragment 
related to proximal fragment in each FEM increased as 
the nail/medullary canal mismatch increased. It also in-
creased when not using a blocking screw. Consequently, 

the micromotion of distal shaft fragment was the high-
est in the FEM that had 10 mm nail/medullary canal mis-
match without a blocking screw (Figure 4). Micromotions 
in FEMs without a blocking screw greatly increased as the 
mismatch increased, whereas micromotions between 
FEMs with a blocking screw were similar regardless of the 
mismatch degree. The micromotion reduction rate be-
tween FEMs with and without a blocking screw was 81% 
to 94%, and not consistently related to the degree of nail/
medullary canal mismatch.
Stress distribution on nail body, distal locking screw, and 
cortical bone. The PVMSs at the nail body in each FEM 
were observed at the junction of the nail body and lag 
screw. Therefore, we set the junction of the nail body and 
the lag screw as the ROI of the nail body in each FEM 
(Figure  5). Mean stresses over the ROI in FEMs with a 
blocking screw were lower than those without a blocking 
screw in all different nail/medullary canal mismatches. 
The mean stress over a ROI increased as the mismatch 
increased, regardless of use of a blocking screw. All 
mean stresses in FEMs with a blocking screw were lower 
than the yield strength of the nail (TI6A14V, 880  MPa). 
However, in FEMs without a blocking screw having 8 mm 
and 10 mm mismatch, mean stresses exceeded the yield 
strength (1,029 and 1,617 MPa, respectively). The effect 
of the blocking screw (reduction rate of mean stress) on 
the nail/medullary canal mismatch increased as the lat-
ter increased (19%, 37%, 51%, and 62%, respectively) 
(Figure 6).

Fig. 2

Loading condition of the analysis model. Hip joint force, 2,013.9 N (body weight × 300%); abductor muscle force, 671.3 N (body weight × 100%).
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The stress concentration at the distal locking screw 
showed a similar pattern to that observed at the nail body. 
The PVMS at the distal locking screw in each FEM was 
observed at the junction of the distal locking screw and 
medial side of the nail body, which was therefore set as 
the ROI of the distal locking screw in each FEM (Figure 7). 
All mean stresses over the ROI in the distal locking screw 
were lower than those on the ROI of the nail body and 
yield strength. Figure 8 presents the mean stress over the 
ROI in each FEM and its reduction rate compared to that 
over FEMs without a blocking screw.

The stress concentration on the cortical bone was 
observed at lateral cortex around the lag screw hole 
and distal locking screw hole in all FEMs, and it showed 
a similar pattern to that observed at the nail body and 
distal locking screw. However, the mean stresses over the 
ROI in all FEMs were much lower than the yield strength 
(114 MPa) regardless of the extent of nail/medullary canal 
mismatch (Supplementary figures a to d).

Discussion
This FEA study revealed that the stress concentration 
at the nail construct, and micromotions of distal shaft 
fragment related to proximal fragment, significantly 

increase as the nail/medullary canal mismatch increases 
in specific unstable pertrochanteric fracture models 
fixed with a short CMN. The use of an additional AP 
blocking screw in these fractures with nail/medullary 
canal mismatch can greatly reduce stress concentration 
at the nail construct and micromotions of distal shaft 
fragment.

Short CMNs have been widely used for the surgical 
treatment of unstable pertrochanteric fractures due 
to their biomechanical superiority to extramedullary 
devices and versatile availability in all fracture types.23 
Moreover, short CMNs have yielded favourable results 
in several studies.24,25

In the ageing population, the medullary canal 
diameter becomes wider to increase the moment of 
inertia, and maintain bone stiffness as the cortical 
bone becomes thinner.26 Consequently, the incidence 
of pertrochanteric fractures with a wide femoral canal 
also continues to rise in osteoporotic elderly patients. 
Nevertheless, the available diameters of CMNs for such 
fractures are limited and cannot fit all different diame-
ters of the medullary canal, especially in osteoporotic 
bones with a wide medullary canal. Although CMNs do 
not need to be press- fit within the medullary canal in 

Fig. 3

Micromotion (μm) of the distal fragment related to the proximal fragment was measured through the mean coronal displacement of all nodes on the fracture 
surface before and after applying axial loading on finite element model.
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most pertrochanteric fractures, mediolateral distal shaft 
fragment instability may occur due to a nail/medullary 
canal mismatch after short cephalomedullary nailing 
for specific unstable pertrochanteric fracture patterns 
with a wide femoral canal.7,27 Consequently, such a 
fixation instability may cause excessive distal shaft frag-
ment micromotion, eventually leading to nonunion, 
fixation failure, or peri- implant fracture. For a large nail/
medullary canal mismatch after short cephalomedul-
lary nailing in specific unstable pertrochanteric cases, 

nail exchange with a long CMN or different short CMNs 
with two distal locking screws may increase fixation 
stability. However, this nail exchange takes more time, 
and may cause greater bleeding and loss of primary 
reduction status. Moreover, we cannot guarantee 
that distal shaft fragment mediolateral instability is 
completely resolved because the largest nail/medullary 
canal mismatch develops at the metaphyseal- diaphyseal 
junction. Even if a thicker nail is used, a nail/medullary 
canal mismatch at the metaphyseal- diaphyseal junction 

Fig. 4

Micromotion of the distal fragment in each finite element model and reduction rate of the micromotion by using a blocking screw in each model.

Fig. 5

Stress distribution on the nail body of finite element model. The front view of the junction of the nail body and lag screw.
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remains unsolved because the proximal diameter of 
nails is constant regardless of the nail diameter. Accord-
ingly, we believe that a blocking screw around the 
metaphyseal- diaphyseal junction effectively enhances 
the stability of the distal fragment in cases of nail/
medullary canal mismatch after cephalomedullary 
nailing in unstable pertrochanteric fractures.

This study revealed that distal shaft fragment micro-
motions related to the proximal fragment increased 
as the nail/medullary canal mismatch increased, 

regardless of blocking screws. However, micromo-
tions in FEMs with a blocking screw showed only slight 
increases as mismatch increased compared with other 
FEMs. Meanwhile, micromotions in FEMs without a 
blocking screw significantly increased as mismatch 
increased, and this result was consistent with that of 
the study by Krettek et al.7 They reported that the nail 
translates along the coronally placed locking screws 
when a large nail/medullary canal mismatch occurs. As 
shown in this study, a blocking screw could effectively 

Fig. 6

Mean stress over a region of interest on the nail body in each finite element model and reduction rate of the mean stress by using a blocking screw in each 
model. MPa, megapascal; Ti, titanium.

Fig. 7

Stress distribution on the distal locking screw in each finite element model.
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reduce distal shaft fragment micromotion, that is, medi-
olateral instability, by up to 94%. The blocking screw 
also decreased the stress concentration around CMN 
and was more effective as the nail/medullary canal 
mismatch increased. Furthermore, the mean stresses 
over the ROI at the nail body, which were higher than 
the yield strength in FEMs without a blocking screw 
having 8 mm and 10 mm mismatch, became less than 
the yield strength by a blocking screw. Consequently, 
we believe that using blocking screws can reduce the 
risk of fixation failure, especially when large nail/medul-
lary canal mismatch occurs. We have used this screw in 
cases of specific unstable pertrochanteric fractures with 
a nail/medullary canal mismatch, which show intraop-
erative instability of the distal shaft fragment.

Previous studies have reported that the use of blocking 
screws in distal femur fractures or tibia fractures significantly 
increases distal fragment biomechanical stability, compared 
with standard fixation with small diameter intramedullary 
nails.7,28,29 However, to the best of our knowledge, the effect 
of blocking screws on a nail/medullary canal mismatch after 
fixation with a short CMN for unstable pertrochanteric frac-
tures has not yet been fully elucidated. We have obtained 
favourable clinical outcomes using a blocking screw for 
the aforementioned conditions, although this has not yet 
been addressed in the literature (Figure 9). Therefore, we 
believe that our results provide a practical option to resolve 
this issue for nail/medullary canal mismatch occurring after 
short CMN fixation for specific unstable pertrochanteric 
fractures.

There is no guideline or consensus regarding the 
proper diameter of the blocking screw. The thicker the 

screw, the greater the subsequent stability. However, in 
our clinical experiences, it is difficult to insert a thicker 
screw (4.5 mm) eccentrically into the narrow space 
between the nail body and bone, especially in poor- 
quality bone due to, for example, osteoporosis. More-
over, it can increase the risk of blow- out fracture of the 
distal fragment. Meanwhile, the thinner- diameter (2.7 
mm) blocking screw can be insufficient to enhance 
the stability of the nail- bone construct in large long 
bone, and we confirmed this possibility through our 
experimental data. Accordingly, we have used a 3.5 
mm cortical screw as the blocking screw clinically in 
all cases which need the use of a blocking screw, and 
reported the results using a 3.5 mm cortical screw as 
the blocking screw in this FEA study. Finally, we believe 
that a 3.5 mm cortical screw is appropriate as a blocking 
screw, considering the risk of blow- out fracture and the 
screw strength in large long bone.

This study has some limitations. First, the complex 
physiological force components around the proximal 
femur during normal ambulation were simplified, 
though physiological loading is more complex, and 
greater loading can occur in clinical settings. However, 
only axial loading used to simulate the forces of a one- 
legged stance was considered appropriate for this FEA, 
because protected weightbearing with walking aids 
postoperatively is advised until bony union is achieved. 
Second, we conducted this study under the linear static 
condition only. Therefore, we focused on the risk of fixa-
tion failure or refracture during the early postoperative 
period until bony union was achieved, and were unable 
to consider fatigue fracture requiring long- term cyclic 

Fig. 8

Mean stress over a region of interest on the distal locking screw in each finite element model and reduction rate of the mean stress by using a blocking screw 
in each model. MPa, megapascal; Ti, titanium.
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loading. Third, we were unable to determine the exact 
interaction between the nail and screw, the nail and 
bone, and the proximal and distal fragments. Although 
friction coefficients were applied under the assumption 
of general contact condition at the contact interfaces in 
the current study, it was difficult to accept these values 
for perfect reproducibility, as it was challenging to 
precisely determine these interactions at each interface. 
Finally, it is difficult to clinically validate our results as 
this is an experimental study using FEA, and the clin-
ical evidence is still insufficient. However, we believe 
that this study indicates that the additional AP blocking 
screw is a viable option to enhance the fixation stability 
for specific unstable pertrochanteric fractures.

Despite these limitations, a major strength of this study is 
that it is the first FEA to investigate the effect of an additional 
AP blocking screw on distal fragment mediolateral insta-
bility due to a nail/medullary canal mismatch after short 
CMN fixation for unstable pertrochanteric fractures. We first 
investigated stress distribution around the nail construct in 
unstable pertrochanteric fracture models fixed with a short 
CMN, and subsequently distal shaft fragment micromotion 
related to proximal fragment in FEMs with and without a 
blocking screw. However, further large multicentre clinical 

studies are needed to confirm our results and verify the 
availability of blocking screws for specific unstable pertro-
chanteric fractures with a nail/medullary canal mismatch.

In conclusion, our FEA study revealed that the mean 
stresses at the nail construct and distal shaft fragment 
micromotions significantly increase as the nail/medul-
lary canal mismatch increases, and without a blocking 
screw in unstable pertrochanteric fracture models fixed 
with a short CMN. The use of an additional AP blocking 
screw in specific unstable pertrochanteric fractures 
showing fixation instability due to a nail/medullary 
canal mismatch after short cephalomedullary nailing 
can reduce distal fragment micromotion related to 
proximal fragment and stress concentration at the nail 
construct. Therefore, an additional AP blocking screw 
may be a simple and effective alternative to enhance 
fixation stability in cases of specific unstable pertro-
chanteric fractures with a large nail/medullary canal 
mismatch due to osteoporosis.

Supplementary material
  Figures presenting stress distribution and mean 

stress over a region of interest on the cortical 
bone.

Fig. 9

Anteroposterior radiographs taken a) before and b) one year after surgery, showing complete bony union.
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