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Purpose: Osteosynthesis has been recommended for treatment of Pauwels type |11 femora neck fractures in
young patients. However, no implant of choice has been reported so far. This study was conducted in order to
compare the fixation stability of two conventiona fixation methods with three different novel fixed angle devices
in thistype of fracture.

Materials and Methods: A total of 25 composite femurs (4th Generation Saw bone; Pacific Research
Laboratories, USA) corresponding to human bone were used. Pauwels type |11 fracture type was uniformly
reproduced. Specimens were fixed with a cannulated screw, cannulated screw with cable, and Intertan nail,
dynamic hip screw, and IKEY nail. Measurement of failure loads and the rotational change of the femora head
fragment was performed for evaluation of fixation stability.

Results: All implants were compared with cannulated screw and dynmaic hip screw. No meaningful improve-
ment was observed for the cannulated screw with cable compared with the cannulated screw and dynamic hip
screw. Meaningful improvement in load-to-failure and y-rotation and z-rotation was observed for both the
Intertan nail and IKEY nail compared with the cannulated screw. However, compared with the dynamic hip
screw, only the IKEY nail showed improvement in the same profile but the Intertan nail did not.

Conclusion: Among nove fixed angle devices, meaningful improvement was observed for the IKEY nail com-
pared with conventional implants. Strengths of this implant include biomechanica stability and smplicity of sur-
gical technique, indicating that it may be another good option for osteosynthesis of Pauwels type 111 femora
neck fractures.
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INTRODUCTION

Femoral neck fractures typically occur in young patients
as aresult of high-energy trauma or in elderly patients with
osteoporosist?. Fractures occurring in the former age group
commonly show a pattern of Pauwels type Il fractures.
Osteosynthesis has been a treatment of choice for thistype
of fracture due to longer life expectancy and high activity
level®9. Internal fixation using three cannulated screws,
which is sufficient for management of Pauwels type | and
Il femoral neck fractures®®, resulted in high complication
rates, including femoral neck shortening, non-union, and
avascular necrosis. Fixed angle devices including dynam-
ic hip screws have been introduced in an effort to resist the
shearing force, not only the compressive forces™. Currently,
cannulated screw fixation and dynamic hip screw fixation
have been proposed as a conventiond method™®. Meanwhile,
numerous biomechanical and clinical studies regarding
other types of fixed angle devices are being conducted;
however, an implant of choice has yet to be identified. In
an effort to discover optimal methods, our study was con-
ducted as abiomechanical comparison of two types of con-
ventional devices (cannulated screws, dynamic hip screw)
with three types of novel fixed-angle devices; cannulated
screws with cable, Intertan nail, and IKEY nail.

MATERIALS AND METHODS
1. Specimen Preparation

A total of 25 composite femurs (4th Generation Saw
bone; Pacific Research Laboratories, Vashon, WA, USA)
corresponding to human bone were used. All specimens had
a 2-mm diameter canal passing through the center of the
femoral head and neck, which is used as a landmark for
insertion of screws (Fig. 1). In order to ensure similar bone
quality, C-arm radiographs were used in evaluation of all
specimen femurs to exclude any specimen with patholog-
ic lesions. Pauwels type Il fracture type was uniformly
reproduced in 25 composite femur moddls using custom-
made saw guides, showing a70° oblique fracture line (Fig.
2).

2. Surgical Technique

Specimens were fixed with a cannulated screw (Type 1),
cannulated screw with cable (Type 2), Intertan nail (Type 3),
dynamic hip screw (Type 4), and IKEY nail system (Type
5) (Fig. 3). The surgical procedure for these models was
established by one orthopedic surgeon. Cannulated screw
fixation was performed using the partialy threaded 7.0 mm
IKEY cannulated screw system. In order to reproduce uni-
form implant fixation, screws are inserted in an inverted trian-
gular shape, each at the point 5 mm away from the cand pass-

iy
3

Fig. 1. 4th generation saw bone (Pacific Research Laboratories, USA) was used for femur specimen. All specimen have 2-
mm diameter canal passing through center of femoral head and neck. This figure is image reconstructed by three-dimen-

sional computed tomography, including the canal.
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Fig. 2. (A) In order to reproduce uniform fracture line in 25 composite femur, custom-made saw guide is made. It consists of
two parts, divided by 70° oblique line which represents Pauwels type Ill fracture. (B) Custom-made saw guide applied in
cephalocervical area of the specimen. (C) After guide application, manual cutting was done along the line.

<Type 4> <Type 5>

Fig. 3. Five different types of osteosynthesis were done in femur specimen. In order to reproduce uniform implant fixation in
type |, cannulated screw was inserted 5 mm away from the central canal in inverted triangular fasion.
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ing the specimen. The Type 2 method was performed by
wrapping a cable after cannulated screw fixation. Following
insertion of three cannulated screws, the same as Type 1, a
cable was passed through a hole in the head of the cannulat-
ed screws. After passing the wire, which eventualy formed
around shape, both ends of the cable were tightened and
wrapped. Intertan nail and IKEY nail fixation was performed
using a 9-mm diameter nail. The starting point was deter-
mined to be dightly medid to the tip of the grester trochanter.
After nall insertion, two and three cephalocervical screws
were fixed in each group, passing through aperturesin each
nail. Finaly, distal locking screws were inserted. The Type
4 method was performed using the CHS Plate System
(Orthotech, Hanam, Korea). Three-hole plates were used and
secured to the femoral shaft with one lag screw and three
cortica screws. After implant fixation in al five types, reduc-
tion was confirmed under C-arm radiographs. All speci-
mens showed less than 2 mm of displacement and lessthan
5° of angulation in anterior-posterior view and axial view,
which satisfied our conventiond criteria of anatomica reduc-
tion™. The distal femoral condyles of dl instrumented spec-
imens were removed, and the femoral shafts were potted
with zigsa an angle of valgus 25° . This degree of anglewas
set to simulate normal one-legged weight bearing stance

(Fig. 4).
3. Biomechanical Testing

Tests were performed in the order of preliminary (100

Pre-loading Cyche-loading

100 N 75750 N

N, 20 N/min), dynamic (75-750 N, 10,000 cycles, 2 Hz),
and static (10 mm/min) loading using a universal testing
machine (MTS 858 Bionix test sysem; MTS System, Eden
Prairie, MN, USA) (Fig. 4). Theseloading rates were sdect-
ed to assume fast walking at the period of bone consoli-
dation six weeks after surgery.

Measurement of failure loads and the rotationa change of
the femoral head fragment was performed for evaluation of
fixation stability. L oad-to-failure was measured at the time
when the fracture of the specimen occurred. Rotatory defor-
mities of the femora head fragment were measured by
tracking the position of three markers (diameter=1 mm)
placed in front of the femoral head using a 3-D Coordinate
Measuring Machine (Microscribe G2L; Immersion, San
Josg, CA, USA). The x-rotation was defined as femord head
rotation occurring in the sagittal plane, viewing the spec-
imen on the medial side. This type of rotation represents
the rotation of the femoral head itself around the longitu-
dina axis of the femoral neck. The y-rotation was defined
as femora head rotation occurring in the corona plane,
viewing the specimen on the anterior side. Thistype of rota-
tion represents the valgus or varus deformity of the frac-
tured femoral neck. The z-rotation was defined as femoral
head rotation occurring in the axid plane, viewing the speci-
men on the superior side. This type of rotation represents
anterecurvatum deformity of the fractured femoral neck.
The results were recorded as positive when the direction of
the rotation is counterclockwise and vice versain all three
axes (Fig. 5).

Fracture fragment

Fig. 4. For the experiment, sawbone was fixed with the angle of 25, which presumes anatomical axis of femur. MTS 858
Bionix test system was used for preliminary, dynamic, and static loading. Each settings for loading were chosen to assume
fast walking at the period of bone consolidation 6 weeks after surgery.
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e

Fig. 5. Rotational deformity of the femoral head fragment was measured in three different planes. (A) X-rotation is rotation
occured in sagittal plane, representing femoral head rotation around the longitudinal axis of femoral head. (B) Y-rotation is
rotation occured in coronal plane, representing valgus or varus deformity. (C) Z-rotation is rotation occured in axial plane,

representing anterecurvatum deformity.

Table 1. Load-to-Failure of 5 Different Implants

Type 1 Type 2

Type 3 Type 4 Type 5 P-value*

Load-to-failure (n) 2,039.57+252.46 2,613.72+291.33 3,549.28+544.20 2,957.75+87.54 4,533.28+86.87 <0.001

Values are presented as mean=*standard deviation.

Type 1: cannulated screw, Type 2: cannulated screw with cable, Type 3: Intertan nail, Type 4: dynamic hip screw, Type 5: IKEY nail.
* Kruskall-Wallis test was done, and post-hoc analysis was performed with the significance level corrected by the

Bonferroni method.
4. Statistical Analysis

Statistical analysis was performed using the IBM SPSS
Statistics software (ver. 25; IBM, Armonk, NY, USA). A nor-
madlity test was performed for screening of normal distrib-
ution of load-to-failure and rotational deformities of each
five groups. Because the distribution did not approximate
anormal distribution, an analysis was performed using the
Kruskal-Wallis test. Statistical significance was set at P<
0.05, and when a significant probability was found using
the Kruskal-Wallis test, a post-hoc analysis was performed
using the Bonferroni method. Because load-to-failure and
rotational deformity showed statistical significance, we
moved on to the next step. Satistical differences between al
novel fixed angle devices (cannulated screw with cable,
Intertan nail, IKEY nail) and conventional devices (cannu-
lated screw, dynamic hip screw) were compared. Because
the distribution did not approximate anormal distribution,
statistical differences were assessed using the Wilcoxon
rank sum test.

www.hipandpelvis.or.kr

RESULTS

A summary of the mean and standard deviation of load-to-
failure and the degree of rotational deformity for each types
of deviceis shown in Tables 1 and 2, respectively. Means
arevisuaized by graphsin Fig. 6 and 7. A summary of the
comparison between conventiona devices and novel fixed-
angle devicesis shown in Tables 3-6.

Overdl, no meaningful improvement in load-to-failure
and rotational deformity was observed for the cannulated
screw with cable compared with conventional devices.
Intertan nail and IKEY nail showed 3,549.28+544.20 N
and 4,533.28+86.87 N each; both showing meaningful
improvement (P<0.05) compared with the cannulated
screw. Meanwhile, compared with the dynamic hip screw,
the IKEY nail was the only device showing meaningful
improvement in load-to-failure.

Regarding rotationa deformity, there was no meaning-
ful difference in x-axis rotation. Less degree of deformity
was observed for both the Intertan nail and the IKEY nail
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Table 2. Rotational Deformity of 5 Different Implants (unit: °, absolute value)

Type 1 Type 2 Type 3 Type 4 Type 5 P-value*
X-axis 0.27+0.21 0.27+0.16 0.65+0.24 0.27+0.15 0.05+0.03 <0.001
Y-axis 1.44%1.07 1.27+0.89 0.22+0.11 1.19+0.46 0.05+0.03 0.007
Z-axis 2.25+1.78 1.32+0.85 1.03+0.44 2.05+0.72 0.04+0.02 0.01

Values are presented as meanztstandard deviation.

Type 1: cannulated screw, Type 2: cannulated screw with cable, Type 3: Intertan nail, Type 4: dynamic hip screw, Type 5: IKEY nail.

* Kruskall-Wallis test was done, and post-hoc analysis was performed with the significance level corrected by the
Bonferroni method.

Load-to-failure
5,000
4,000
£ 3,000 1
=
S 2000 ,
1,000
0
1 Type 1 Cannulated screw i Type 2 Cannulated screw with cable
¥ Type 3 Intertan nail * Type 4 Dynamic hip screw
M Type 5 IKEY nail

Fig. 6. Bar and whisker chart for load-of-failure of each devices. Values are presented as mean=*standard deviation.

Rotational deformity

3
g 25
; g > 1
S il
S 3 i {
gf | il
.- 05 il
& * i . il’~ sl * _— .. l - =
X-axis Y-axis Z-axis

= Type 1 Cannulated screw w Type 2 Cannulated screw with cable

= Type 3 Intertan nail * Type 4 Dynamic hip screw

= Type 5 IKEY nall

Fig. 7. Bar and whisker chart for rotational deformity of each devices. Three separate charts stands for deformity of x-rota-
tion, y-rotation, and z-rotation, respectively. Values are presented as mean £standard deviation.

compared with the cannulated screw in y-axis and z-axis. DISCUSSION
Compared with the dynamic hip screw, meaningful improve-
ment in y-axis was observed for both, but only the IKEY

In Pauwelstype |l femora neck fractures, vertical orien-
nail showed improvement in z-axis.

tation of the pattern is known to be susceptible to greater
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Table 3. Comparison of Load-to-Failure between Novel Fixed Angle Devices (Type 2, 3, 5) with Cannlated Screws Fixation

(Type 1)
Load-to-failure (n) P-value*

Type 1 Type 2

2,035.57 (1,829.01-2,451.78) 2,604.78 (2,319.06-3,084.39) 0.07
Type 1 Type 3

2,035.57 (1,829.01-2,451.78) 3,538.18 (2,801.09-4,338.52) 0.03
Type 1 Type 5

2,035.57 (1,829.01-2,451.78) 4,531.28 (4,415.29-4,649.39) 0.03

Values are presented as median (interquartile range).

Type 1: cannulated screw, Type 2: cannulated screw with cable, Type 3: Intertan nail, Type 5: IKEY nail.

* Wilcoxon rank sum test.

Table 4. Comparison of Load-to-Failure between Novel Fixed Angle Devices [Type 2, 3, 5] with Dynamic Hip Screw Fixation

(Type 4)
Load-to-failure (n) P-value*

Type &4 Type 2

2,957.76 (2,837.76-3,073.86) 2,604.78 (2,319.06-3,084.39) 0.18
Type 4 Type 3

2,957.76 (2,837.76-3,073.86) 3,538.18 (2,801.09-4,338.52) 0.18
Type 4 Type 5

2,957.76 (2,837.76-3,073.86) 4,531.28 (4,415.29-4,649.39) 0.03

Values are presented as median (interquartile range).

Type 2: cannulated screw with cable, Type 3: Intertan nail, Type 4: dynamic hip screw, Type 5: IKEY nail.

* Wilcoxon rank sum test.

Table 5. Comparison of Rotational Deformity between Novel Fixed Angle Devices (Type 2, 3, 5) with Cannlated Screws

Fixation (Type 1)

Degree of deformity (°, absolute value) P-value*
Type 1 Type 2
X-axis 0.21(0.03-0.52) 0.24 (0.05-0.46) >0.99
Y-axis 0.81(0.59-3.04) 0.71 (0.57-2.57) 0.69
Z-axis 1.50 (0.70-5.08) 0.92(0.46-2.58) 0.43
Type 1 Type 3
X-axis 0.21(0.03-0.52) 0.75 (0.35-0.93) 0.13
Y-axis 0.81(0.59-3.04) 0.18 (0.10-0.38) 0.03
Z-axis 1.50 (0.70-5.08) 0.82(0.62-1.63) 0.32
Type 1 Type 5
X-axis 0.21(0.03-0.52) 0.06 (0.01-0.08) 0.09
Y-axis 0.81(0.59-3.04) 0.06 (0.01-0.08) 0.03
Z-axis 1.50 (0.70-5.08) 0.03 (0.02-0.06) 0.03

Values are presented as median (interquartile range).

Type 1: cannulated screw, Type 2: cannulated screw with cable, Type 3: Intertan nail, Type 5: IKEY nail.

* Wilcoxon rank sum test.

shear forces rather than compression forces+*®. Internal fix-
aion using three cannulated screws, which is sufficient for
management of Pauwelstype | and Il femoral neck frac-
tures*®, resulted in high complications, including femora

www.hipandpelvis.or.kr

neck shortening, non-union, and avascular necrosis. Fixed
angle devicesincluding dynamic hip screws have been intro-
duced in an effort to resist the shearing force, not only the
compressive forces™.
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Table 6. Comparison of Rotational Deformity between Novel Fixed Angle Devices (Type 2, 3, 5] with Dynamic Hip Screw

Fixation (Type 4]

Degree of deformity (°, absolute value) P-value*
Type 4 Type 2
X-axis 0.21 (0.08-0.44) 0.24 (0.05-0.46) >0.99
Y-axis 1.03 (0.80-1.99) 0.71(0.57-2.57) 0.55
Z-axis 2.01(0.98-2.79) 0.92 (0.46-2.58) 0.13
Type & Type 3
X-axis 0.21 (0.08-0.44) 0.75 (0.35-0.93) 0.07
Y-axis 1.03 (0.80-1.99) 0.18 (0.10-0.38) 0.03
Z-axis 2.01(0.98-2.79) 0.82(0.62-1.63) 0.07
Type &4 Type 5
X-axis 0.21 (0.08-0.44) 0.06 (0.01-0.08) 0.07
Y-axis 1.03 (0.80-1.99) 0.06 (0.01-0.08) 0.03
Z-axis 2.01(0.98-2.79) 0.03 (0.02-0.06) 0.03

Values are presented as median (interquartile range).

Type 2: cannulated screw with cable, Type 3: Intertan nail, Type 4: dynamic hip screw, Type 5: IKEY nail.

* Wilcoxon rank sum test.

Despite its complications, the cannulated screw is still
regarded as a conventiond surgical technique for treatment
of Pauwelstypelll femora neck fractures due to short oper-
ation time and technical ease. When using cannulated
screws, fixation of three parallel screwsat least 6.5 mmiin
diameter and in an inverted triangular fashion has been pro-
posed as ided**¥. Among fixed angle devices, the dynamic
hip screw is regarded as conventional. Dynamic hip screw
fixation is a method that utilizes asingle large screw at a
fixed angle with a side-plate’>*®. However, the clinical result
is gtill not satisfying and many studies regarding the prop-
er implant for Pauwels type |11 femoral neck fractures have
been reported™*19,

Wrapping a cable around the screw head was proposed and
biomechanically tested by Kuan et a.*. In this study, the
cable was wrapped by passing through the space between
three fixated cannulated screws, which was then tightened.
In this study addition of the cable resulted in improved
mechanical behaviors compared with only fixating three
cannulated screw in terms of axia stiffness, cyclic displace-
ment, and failure load and the cable is thought to perform
as afixed angle device.

The Intertan nail was introduced in 2005 for treatment
of intertrochanteric fractures, showing good clinical out-
comes and low complication rates®. This second genera-
tion intramedullary nail uses two cephalocervical screws,
which can alow linear intraoperative compression and rote-
tional stability of the head or neck fragments. Severa bio-
mechanical studies have suggested that the Intertan nail has
asuperior profile compared with other implantsin Pauwels

42

type l11 femoral neck fractures. Rupprecht et a.* reported
that the Intertan nail showed less inferior head displace-
ment, higher loads to failure, and alonger survival under
physiologic loads compared with the dynamic hip screw and
cannulated screws. However, it still shows relative fragili-
ty in mechanical strength compared with intact femur.

ThelKEY nail, which wasintroduced in 2021, dlowsthree
cephalocervica screws. There are three apertures alowing
the insertion of one lag screw and two additional cannulat-
ed screws. Apertures are designed so that three screws are
not aligned in asingle plane. These profiles are expected to
stabilize femora head rotation sufficiently and enable eas-
ier performance of the surgical procedure.

Because there is no implant of choice in osteosynthesis
of Pauwels type Il fractures, introduction of many differ-
ent types of novel fixed angle devices, including the afore-
mentioned implants, continues. Many studies have report-
ed superior outcome of novel fixed angle devices. The cur-
rent study differs from other studies on three points. First,
the cannulated screw with wiring was compared with the
dynamic hip screw, not only the cannulated screw without
wiring. Second, this study isthefirst to analyze biomechani-
ca stability of supplementary cannulated screw fixation
around an intramedullary nail in treatment of isolated
Pauwels type 11l femora neck fracture. Third, this study is
the firgt to analyze the IKEY nail, which includes addition-
a apertures alowing insertion of a supplementary cannu-
lated screw.

Cannulated screw with wiring is technically simple. A
previous study comparing this technique with the cannulat-
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ed screw reported improved stability ina7° vagusand 25°
vagus setting™. In the current study, load-to-failure and rota:
tiona deformity on the x-, y-, and z-axes were checked in
a25’ vagus stting, and both cannulated screw and dynam-
ic hip screw were used as controls. None of the superior
results were observed compared with conventional devices.
In brief, the results regarding the use of the cannulated screw
with wiring inthe 25° valgus setting differed significantly
from those of the previous experiment when compared with
the cannulated screw. It is considered that there is no bio-
mechanical advantage compared with the dynamic hip screw.

Supplementary cannulated screw fixation around the
intramedullary nail has been reported to show superior
biomechanical stability in intertrochanteric fractures and
combined ipsilateral femoral neck and shaft fractures?.,
Although biomechanical superiority has not been demon-
strated in isolated Pauwels type 111 femoral neck fractures,
supplementary cephalocervical screw fixation naturally
enhances stability as in anti-rotational screw insertion in
dynamic hip screws. Insertion of screwsin free-handle fash-
ion is the traditional method. For insertion of supplemen-
tary screws, it isimportant to secure sufficient space on the
anterior side of the cephaocervica area. In order to achieve
this, the authors prefer to insert the nail slightly posterior
to the tip of the grester trochanter. After insertion of the nall
and the cephdlic screw, the guide-wireisinserted in the point
anterior and proximal to the site of cephalic screw inser-
tion, heading posteriorly. The cannulated screw isinsert-
ed subsequently, just adjacent to the intramedullary nail.

However, making a supplementary screw insertion around
the nail in free-handle fashion is technically demanding®®.
Despite continued advancement in nail design and the fact
that the Intertan nail has two proximal apertures allowing
screw insertion, Tan et d. and Watson and Moed® argued
that two screws lie on asingle planein this type and are il
insufficient for fixation of Pauwelstype Il femoral neck
fracture. The IKEY nail has three apertures on the proximal
portion, so that screws do not lie on a single plane when
screws are inserted in dl apertures, unlike the Intertan nail.
This not only provides technical simplicity but also biome-
chanical stability similar to that of supplementary screw
insertion with free-handle fashion. In the current study,
improved stability in load-to-failure, y- and z-axes was
observed for the IKEY nail compared with al convention-
al devices, while other novel fixed angle did not.

To the best of our knowledge, the current study is the first
comparative analysis for supplementary cannulated screw
around intramedullary nail in treatment of Pauwelstypelll

www. hipandpelvis.or.kr

femoral neck fractures. Additiond differentiation from pre-
vious study is that supplementary screw insertion was per-
formed through additional apertures in the proximal por-
tion of the nail, which was specially designed. However,
because this study isthe first to analyze the IKEY nail, its
effectivenessis difficult to generalize. Follow-up study is
required in order to determine whether the IKEY nail can
show reproducible outcomes in other experimental settings.

There are some limitations of the current study. Firgt, five
femur specimens were used for each fixation group, which
isrelatively small. Second, although there was no breakage
around proximal apertures using the IKEY nail in this study,
further study is needed in order to determine the potentia
of this device. Third, all intramedullary nail tested in this
study were the screw type of lag screw, not blade type.
Because the blade type screw is one of the novel designs
for anti-rotation of the femoral head, comparative study
with this type of implant may have induced other meaning-
ful results. Last, although promising biomechanical results
have been obtained using this type of intramedullary nail,
further study is needed in order to evaluate the clinical out-
comes.

CONCLUSION

To the best of our knowledge so far, thereis no fixation
of choicein treatment of Pauwestypelll fracture. This sudy
biomechanically compared two conventional methods with
three nove fixed angle devices. Among al, the IKEY nail,
the newly developed intramedullary nail, showed meaning-
ful improvement in this study. Further study is needed in
order to evaluate the outcome on alarger scale and regard-
ing the clinical outcome.
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