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Abstract

Purpose The purpose of our study was to determine the

biomechanical properties of three different implants uti-

lized for internal fixation of a supracondylar femur fracture.

The retrograde supracondylar nail (SCN), the less invasive

stabilization system plate (LISS) and the distal femoral nail

(DFN) were tested and their biomechanical properties

compared.

Methods Twenty pairs of fresh-frozen human femura

were used. Each femur was osteotomised to simulate a

comminuted supracondylar fracture (AO/OTA 33.A3) and

then randomized to fracture fixation with either SCN (n=9)

or LISS (n=9). Each contralateral femur was stabilized with

DFN as a control (n=18). Two femur pairs were spent on

pretesting. All femura were subjected to axial (10–500 N)

and torsional (0.1–14 Nm) loading.

Results Eighteen matched femur pairs were analyzed.

The post-loading median residual values were 49.78, 41.25

and 33.51% of the axial stiffness of the intact femur and

59.04, 62.37 and 46.72% of the torsional stiffness of the

intact femur in the SCN, LISS and DFN groups. There

were no significant differences between the three implants

concerning axial and torsional stiffness.

Conclusions All implants had sufficient biomechanical

stability under physiological torsional and axial loading.

All three implants have different mechanisms for distal

locking. The SCN nail with the four-screw distal inter-

locking had the best combined axial and torsional stiffness

whereas the LISS plate had the highest torsional stiffness.

Keywords Distal femur � Fractures � Biomechanics �
Retrograde intramedullary nailing � Angle stable plating �
Cadaver � Fracture fixation

Introduction

Between four and seven percent of femur fractures have a

supracondylar localization [1, 6, 13]. Fractures in the distal

third of the femur are around ten times less frequent than in

the proximal [18]. Even if the prevalence of distal femur

fractures is low, therapy is often difficult [6, 13, 19]. The

trauma leading to distal femur fractures is different for

young and older patients. Distal femur fractures in younger

and adults are the result of high-energy impact and have

complex fracture configurations [18, 25]. Eighty-five per-

cent of the supracondylar fractures occurring in patients

over 50 years of age are the result of low-energy trauma and

have simple fracture forms [5, 24, 25]. Especially in elderly

patients with poor bone stock, it may be difficult to achieve

an adequately stable bone-implant construct [2, 6, 16].

The goal of treatment of distal femur fractures is to

restore axial and rotational alignment and to create
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sufficient stability for early mobilization, all with minimal

soft-tissue disruption [9]. Tension forces of the muscles

around the knee joint and the joint movement itself tend to

dislocate fracture fragments and therefore require strong

fixation.

A number of devices and fixation techniques are avail-

able for distal femur fracture fixation [5, 6, 19, 30].

Actually, closed reduction with intramedullary retrograde

nails and less invasive plate osteosynthesis are preferred

methods of fixation [6, 8, 17, 19, 22, 24]. Intramedullary

nailing has shown to be a successful fracture fixation with a

favorable decrease of intraoperative blood loss, operating

time, and hospital stay when compared with plate osteo-

synthesis [7, 11, 29]. A disadvantage of intramedullary

nails is the poor stability of the distal interlocking screws or

spiral blades in osteoporotic bone with the risk of nail

protrusion into the articular space of the knee, resulting in

knee damage or secondary malalignment as well as

decreased knee motion [9–11].

There are different nails for intramedullary fixation of

distal femur fractures available. In this study the distal

femur nail (DFN) and the supracondylar nail (SCN) were

tested. The main differences between both nails are the

distal interlocking modalities. Using the DFN, stabilization

of the condylar block is achieved by double interlocking in

one plane. Spiral blade stabilization provides a broad bone-

metal interface. Using the SCN fracture, stabilization is

achieved with two condylar screws with nuts in the frontal

plane. The lowermost screw is fixed in the interlocking

hole using an end cap. Two additional interlocking screws,

one placed in the anteromedial to posterolateral, the other

in the anterolateral to posteromedial direction, enable

additional fixation. When all four screws are used, inter-

locking is achieved in three directions. A variety of distal

femur fractures, ranging from extra-articular metaphyseal

(AO/OTA type A), to simple intra-articular (AO/OTAtype

C1), can be stabilized with these nails. The LISS plate

relies on extramedullary internal fixation by means of an

anatomically pre-shaped plate that works like an internal

splint. The surgical technique is referred to as minimally

invasive plate osteosynthesis (MIPO): soft tissue dissection

at the fracture site is minimized and the knee joint can

remain closed [12, 15, 28]. Fixed-angle stabilization is

achieved by using angular stable screws inserted into bone

at a fixed angle [14]. No or minimal pressure is applied to

the bone-nutrifying periosteum. The LISS fixation is an

alternative to classic open reduction and internal fixation

with compression plates. Delayed union, non-union as well

as failure of fixation can occur when very rigid plates are

used in distal femoral fractures with a simple fracture

pattern [3, 23, 27].

The objective of our study was to determine the axial

and rotational stiffness of distal femur fixation with three

implants, differing in the mechanism of fixation and distal

locking. The distal femoral nail (DFN) was chosen as

reference and was compared to the retrograde supracon-

dylar nail (SCN) and the less invasive stabilization system

(LISS). This objective is of great importance because all

three implants are in daily clinical use. With this biome-

chanical study, we examined if these implants achieve

adequate fixation of a simulated comminuted supracondy-

lar distal femur fracture, and, when they show any differ-

ences in stiffness, if they have any clinical relevance.

Materials and methods

Specimens

Twenty matched-pairs of fresh human cadaveric femura

were used. The average age of the donors (8 male, 12

female) at the time of death were 78.2 years (range

66–93 years). Permission was obtained from the ethics

commission. To detect osseous lesions, X-rays were taken

from each specimen in two planes. The presence of a pre-

vious femoral fracture, a hip replacement or another implant

and any kind of bone diseases were exclusion criteria.

Additionally, all femura were evaluated for bone quality,

similarity and mineral density using a dual-energy X-ray

absorptiometry scan (DEXA, Hologic, Bedford, MA, USA).

Preparation

Specimens were stored at -20 �C up to -24 �C until

preparation for biomechanical testing. All specimens were

thawed at room temperature overnight, preventing dehy-

dration by using moist cloths soaked in saline. After

completely dissecting the soft tissues, the femura were

proximally shortened to a complete length of 30 cm. The

proximal and distal ends (condyle tips) of each femur were

mounted in custom-built polymethylacrylat (PMMA)

molds parallel to the condyles. A visual inspection for

exact symmetrical positioning of both femura in the molds

was performed.

Osteosynthesis and testing procedure

The femura were positioned with the PMMA potting in a

servo-pneumatic testing machine with tension–torsion–

actuators. The femoral shaft axis was tilted 6� to the ver-

tical testing axis of the tension actuator (Fig. 1) [21]. The

distal end (condyles) of the specimens was gimbal-moun-

ted in the testing axis with 5 degrees of freedom of

movement.

This setup tested compression, bending and torque

resembling physiological axes (partial weight bearing of
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app. 50 kg). Prior to osteotomy and osteosynthesis, the

solid embedded specimens were loaded with a maxima of

axial compression of 500 N and 14 Nm in torsion, simu-

lating a sinusoidal function [20]. Testing was completed

after four cycles. These tests were done to obtain the

baseline axial and torsional stiffness for each intact femur.

With a sampling rate of 25 Hz the mean stiffness was

calculated. Force versus elongation (alternation in length)

in the test axis was defined as axial (= tension) stiffness in

Newton per meter (N/m). Torque versus rotation was

defined as torsion stiffness in Newton meter per degree

(Nm/�).

A complete segmental defect of 1 cm was created by

double transverse osteotomy in the distal metaphysis of

each femur to reproduce the loss of structural continuity

typical of fracture comminution prior to callus formation

and thereby simulate an AO/OTA 33.A3 type fracture. The

1 cm transverse bone disc was cut out 6 cm proximal of the

notch, perpendicular to the axis of the femoral shaft,

according to the fracture model of Zlowodzki et al. [30].

Subsequently, a randomized protocol predefined the side

of the femoral pair for the Distal Femoral Nail, DFN

(Synthes GmbH, Oberdorf, Switzerland) (n = 18) and the

contralateral side for either the Supracondylar Nail, SCN

(Stryker Trauma GmbH, Kiel, Germany) (n = 9) or the

Less Invasive Stabilisation Sytem, LISS (Synthes, Paoli,

PA, USA) (n = 9) (Fig. 2). All constructs were implanted

by the same surgeon in accordance with the manufacturer’s

instructions. Before the second series of tests, all speci-

mens were again X-rayed in the anterior-posterior and

lateral-medial planes.

Each femur-implant construct was subjected to 200 load

cycles. Axial load with an amplitude of 10–500 N and

torsional load with an amplitude of 0.1–14 Nm were used

similar to the load application in the tests of the intact

femora. Each cycle lasts 10 s; 5 s of torque load starting at

0.5 Nm up to 14 Nm peak load synchronous with axial

load starting at 10 N up to 500 N peak load followed by 5 s

of unloading back to preload. The loads mentioned above

were derived from the results of the pretesting of the two

additional intact femora.

The software setting of the testing machine, the mount-

ing of the samples and the stiffness-calculation program

remained unchanged during all testing procedures. The

results of the test of all bone-implant constructs were put in

relation (percentage of stiffness) to the results of testing of

the intact femora. The results of testing of the intact femora

were called baseline values and put as 100 %.

Closure of the osteotomy gap or failure of osteosyn-

thesis during testing was defined as complete loss of

resistance of the bone implant constructs.

Statistical evaluation was performed using the Wilcoxon

test in 2 9 9 pair comparisons: DFN–SCN and DFN–LISS.

The nine differences between SCN–LISS as unconnected

comparison were evaluated statistically with the rank sum

test. Statistical analysis was performed using SPSS for

Windows (version 17.0). To detect significant differences

between implant groups, the Wilcoxon signed rank test was

used. A value of P \ 0.05 was considered statistically

significant.

Results

The biomechanical data on a total of 36 femura (18 mat-

ched pairs) were analyzed. Two femura were used for pre-

testing. The mean bone mineral density was 1.38

(0.98–1.68) g/cm2.

The mean baseline-values of the intact femura for ten-

sion stiffness were 333.5 N/mm and for torsion stiffness

2.24 Nm/� (Figs. 3, 4).

DFN versus SCN

Under axial compression, the reconstructed tension stiff-

ness was 44.6 % of the baseline-value of the intact femura

Fig. 1 33A3 gap osteotomy model femur mounted upside down in

anatomical upright position (6� angle) in the servo pneumatic testing

machine. Inset upper left overview

Nailing versus plating for comminuted fractures of the distal femur 141

123



Fig. 2 Plain radiographs of the

three test devices in situ after

gap osteotomy

Fig. 3 Baseline tension stiffness of the intact embedded femura prior

to osteotomy and implantation in pair comparison. Medians and

interquartile ranges are marked as the black lines in the box plots; the

bars represent the 25th to 75th percentile; outliners represent the

minimum and maximum

Fig. 4 Baseline torsion stiffness of the intact embedded femura prior

to osteotomy and implantation in pair comparison
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(±25.1) for DFN and 52.8 % (±12.9) for SCN. After 200

cycles the stiffness under axial compression was 32.7 %

(±25.7) for DFN and 37.9 % (±13.8) for SCN. The

reconstructed torsional stiffness was 48.7 % (±14.9) for

DFN and 55.3 % (±9.3) for SCN. After 200 cycles the

stiffness under torque was 19.2 % (±15.1) for DFN and

26.6 % (±7.9) for SCN (Figs. 5, 6).

DFN versus LISS

The reconstructed tension stiffness was 36.4 % (±25.1) for

DFN and 36.7 % (±17.7) for LISS. After 200 cycles the

stiffness under axial compression was 18.2 % (±19.2) for

DFN and 20.8 % (±21.7) for LISS. The reconstructed

torsional stiffness was 53.3 % (±10.6) for DFN and

63.7 % (±9.3) for LISS. After 200 cycles the torsional

stiffness was 17.1 % (±15) for DFN and 27.1 % (±25) for

LISS (Figs. 5, 6).

Implant failure

Comparing DFN against SCN, two instrumented specimens

failed in the DFN group before testing was completed.

There was no failure in the SCN group. Comparing DFN

against LISS, three instrumented specimens of the DFN

group failed and four instrumented LISS cases failed prior

to test completion. The reasons for failure were a complete

loss of resistance of the bone implant constructs due to

breakage of the shaft or dislocation of the femur condyle

out of the PMMA- block.

Statistic analysis

There were no statistically significant differences compar-

ing DFN versus SCN, DFN versus LISS and SCN versus

LISS using the Wilcoxon test (Table 1).

Discussion

This study investigated the biomechanical characteristics

of three fixation devices in a distal gap osteotomy model of

cadaveric matched-pair femura. In contrast to previous

studies, a test set-up that allows freedom of a specimen’s

movement in the mounting of the testing device was used

in our study. While all of the implants used in this study

offered an angular-stable interlocking with at least one

screw or spiral blade, the major differences in design are

found in the number and in the directions and planes of the

distal interlocking devices. Using the DFN, stabilization of

the distal fragment is achieved by one fully threaded non

angle-stable interlocking screw and an angle-stable lateral-

to-medial spiral blade. Using the SCN the distal fragment

is stabilized with four interlocking screws, of which three

are non angle-stable and the lowermost angle-stable. All

screws of the LISS plate are angle-stable fixed.

Fig. 5 Reconstruction tension stiffness: Medians and interquartile

ranges are marked as the black lines in the box plots; the bras

represent the 25th to 75th percentile; outliners represent the minimum

and maximum in the testing in the first four cycles and after 200

cycles. The mean results of the different implants are subtracted as

shown: Values below zero in the plots show more stiffness in the

DFN-specimens. Values above zero indicate more stiffness of the

SCN and the LISS

Fig. 6 Reconstruction torsion stiffness: Medians and interquartile

ranges are marked as the black lines in the box plots; the bars
represent the 25th to 75th percentile; outliners represent the minimum

and maximum in the testing in the first four cycles and after 200

cycles. The mean results of the different implants are subtracted as

shown: Values below zero in the plots show more stiffness in the

DFN-specimens. Values above zero indicate more stiffness of the

SCN and the LISS
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All three interlocking modalities, which were tested in

this biomechanical study achieved adequate fixation of

simulated comminuted supracondylar distal femur frac-

tures. No statistically significant differences were found in

axial and rotational stiffness between the intramedullary

retrograde supracondylar nail (SCN), the less invasive

stabilization system (LISS) and the distal femoral nail

(DFN). The stability achieved with the SCN under tor-

sional and axial loads was slightly, albeit not significantly

higher than the other two fixation modalities. Wähnert et al.

[27] investigated the biomechanical characteristics of four

fixation devices using a comminuted intra-articular distal

femur fracture model. In their study the DFN and SCN as

well as the T2 femoral nail (Stryker) and the angular stable

plate AxSOS (Stryker) were tested under torsional and

axial loading. The angular stable plate had significantly

higher torsional stiffness than the three intramedullary

nails. Comparing the intramedullary nails, the SCN and the

T2 femoral nail were stiffer than the DFN nail. The SCN

achieved the greatest axial stiffness, followed by the DFN

and the T2 femoral nail and at least the AxSOS plate. All

constructs were tested in a synthetic sawbone model and

two nail constructs were also compared in fresh-frozen

human cadaveric femura. While the fracture model differed

from that used in our study, the implants and distal inter-

locking mechanisms were the same. The results are com-

parable although we did not find any statistically

differences in our biomechanical investigation. The angular

stable plate tested in the study of Wähnert et al. [27] had

significantly higher torsional stiffness than the three nails.

In our study the angular stable LISS plate was also

advantageous in torsional stiffness under the mentioned

biomechanical conditions. A lot of biomechanical studies

found that plating has greater torsional stiffness, whereas

intramedullary implants have greater axial stiffness [4, 8,

19, 27, 31].

The axial loads applied in our study are comparable

with other published studies. In their study, Zlowodski

et al. [31] performed loading tests with specimens, which

were proximally and distally locked in the testing

machine. Fragment movement was only seen in a varus

direction due to the locked position of the fragments.

Marti et al. [17] used cyclic load application up to

2,200 N in a constraint proximal and distal embedded

femur implant construct mounted on a uniaxial compres-

sion testing machine with a lever arm. The line of tension

force in the distal femur was physiologically simulated in

our study. Also the freedom of movement in the distal

fragment of the specimens potted and positioned in the

machine was not restricted. An ideal setting should also

allow tension and torsional load application without

resetting the specimens in the testing machine when

changing the load mode. Gimbal mounting of the speci-

mens and upside down positioning of the samples in the

testing machine fulfilled physiological setting require-

ments in our study. Additionally individual differences to

the intact femora were tested. In our opinion this is a

biomechanical model, which refers closer to the real sit-

uation. The distal interlocking of the SCN in three

directions showed in this biomechanical study to be

advantageous compared to the double interlocking in one

plane of the DFN. Differences, which were not significant,

were especially seen in the torsional stiffness between

both bone-implant constructs. Clinical relevance of tor-

sional stiffness differences were considered less important

by Michel as well as Taylor et al. [20, 26] who measured

moments in one weight loaded leg using a telemetric nail.

Maximal rotational moments did not exceed 7–10 Nm.

There are some limitations in the current study. The

biomechanical protocol simplifies the in vivo conditions.

Although not only axial compression but also torsion was

tested, in vivo loading is more complex. Another limitation

is the interaction of the results between torsion and tension

within one sample. The reason for using this testing set-up

was to mimic the in vivo conditions as well as possible.

Another limitation of this matched-pair comparative study

might be the small number of specimens. Due to the

varying results especially in the LISS and DFN cases and

due to the small number of specimens, the median values

were chosen as the more reliable ones instead of the mean

values. The use of sawbones would offer a more consistent

biomechanical model, but this would correlate even less

with the in vivo conditions than using fresh bones with

variation in the bone mineral density values.

In this biomechanical study we could not find signifi-

cant differences under torsional and axial loading

Table 1 Confirmative data

analysis of reconstruction

tension and torsion stiffness

P value Reconstruction stiffness

Tension Torsion

First cycle After 200 cycle First cycle After 200 cycle

Wilcoxon sign test DFN–SCN 0.44 0.77 0.26 0.26

Wilcoxon sign test DFN–LISS 0.86 0.61 0.07 0.40

Wilcoxon sign test SCN–LISS 0.45 0.63 0.63 0.69
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comparing three different implants for fixation of distal

femur fractures. Nevertheless, the three fixation devices

differ in the mechanism of distal locking. For clinical use

it is important knowing the particular qualities of each

implant for choosing the most suitable one in each specific

situation. For each fracture type he has to treat, the sur-

geon has to known the advantages and disadvantages of

each implant. In case of a very distal fracture there is only

a small condylar fragment left, so the use of the LISS

plate may be one preferable possibility due to its several

locking options still available for the small fragment. The

same is true for the SCN, which offers four different

locking patterns in a three-plane configuration. The DFN

nail may be disadvantageous in such a very distal fracture

because the locking screw may lie within the fracture gap

and the only locking mechanism left would be the spiral

blade.

Conclusion

All three tested interlocking modalities achieved adequate

fixation of a simulated unstable supracondylar fracture of

the distal femur. The interlocking modality of the SCN

with three directions of distal interlocking seemed advan-

tageous without the evidence of statistical significance.
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