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Abstract

Background: The aim of this cadaveric study was to compare a polyaxial (NCB®, Zimmer) to a fixed-angle monoaxial
locking plate (PERILOC®, Smith & Nephew) in comminuted fractures of the distal femur regarding stability of the
construct. Up to date there is no published biomechanical data concerning polyaxial plating in cadaveric distal femurs.

Methods: Fourteen formalin fixed femora were scanned by dual-energy x-ray absorptiometry. As fracture model an
unstable supracondylar comminuted fracture was simulated. Fractures were pairwise randomly fixed either with a
mono- (group A) or a polyaxial (group B) distal femur plate. The samples were tested in a servohydraulic mechanical
testing system starting with an axial loading of 200 N following an increase of 200 N in every step with 500 cycles in
every sequence up to a maximum of 2 000 N. The end points were implant failure or relevant loss of reduction. Data
records included for each specimen time, number of cycles, axial load and axial displacement. Statistical analysis was
performed using the exact Wilcoxon signed rank test.

Results: The mean donor age at the time of death was 75 years. The bone mass density (BMD) of the femurs in both
groups was comparable and showed no statistically significant differences. Five bones failed before reaching the
maximum applied force of 2000 N. Distribution curves of all samples in both groups, showing the plastic deformation
in relation to the axial force, showed no statistically significant differences.

Conclusions: Operative stabilization of distal femur fractures can be successfully and equally well achieved using either
a monoaxial or a polyaxial locking plate. Polyaxial screw fixation may have advantages if intramedullary implants are
present.
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Background
Management of patients with articular distal femur frac-
tures can often be difficult due to the complexity of the
injury itself and to the often poor general condition of
patients and their bones. Femur fractures are associated
with complications that include malunion and implant
failure [1]. Due to a relevant increase of elderly active pa-
tients with increased life expectancy and more hazardous
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sports more patients will present with femur fractures [2].
Two principle injury mechanisms are known: Either high
energy trauma in younger patients e.g. after road traffic
accidents or low energy trauma caused by falls in most
elderly patients complicated through osteoporosis or even
periprosthetic fractures [3]. The objectives in treatment
include restoration of bone length, axis and rotation as
well as a fixation that permits early full weight bearing to
avoid immobilization and its associated complications [4].
As conservative treatment of distal femur fractures is

obsolete, they used to be treated by (bicondylar) plate
fixation in case of intact surrounding soft tissue or
l Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,

https://core.ac.uk/display/81531895?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:elzayat@med.uni-marburg.de
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


El-Zayat et al. BMC Musculoskeletal Disorders 2014, 15:369 Page 2 of 7
http://www.biomedcentral.com/1471-2474/15/369
intramedullary nailing [5,6]. However, the reported com-
plication rate with non-union, loss of reduction and im-
plant failure have been high [7-9]. Recent developments
in the last decade described the principle of ‘minimal in-
vasive biological plate osteosynthesis’ showing reduced
blood loss, lower infection rates and possibility of brid-
ging the supracondylar fracture zone as an internal fixa-
tor, preserving the bone fragments and the periosteum
[1,10-12]. The first and most famous of these products is
the “Less Invasive Stabilizing System” (LISS®, Synthes
Corp., Umkirch, Germany) showing improved biome-
chanical and clinical results [13]. Locking plates show
advantages in osteoporotic bones for a lower rate of se-
condary dislocation as well as a definitely lower im-
pairment of bone perfusion due to plate fixation with a
small gap to the bone and the periosteum [3,14]. The
main downside of the monoaxial locking implants is that
the existing thread in the plate pre-determines the per-
pendicular direction of the screw. That can often leads to
positioning of screws in bone areas which intraoperatively
have to be considered of minor quality. This may be asso-
ciated with secondary loss of realignment and loosening of
screws [15]. Ideas to avoid this and giving the surgeon
more freedom in directing the screws through the bone
lead to the introduction of polyaxial locking plates [16].
This implant (e.g. Non-Contact-Bridging-plate, Zimmer
Inc., Winterthur, Switzerland) allows a locking screw
placement in a range of 15° to the plate level. Additionally
reduction of bony fragments (e.g. as lag screws) in the
direction to the plate can be accomplished before the
screws are locked. Angular stability is achieved by fixing
the head of the screw with an additional cap turned into
the plate thread covering the screw head (load to friction).
Up to now, several clinical observations have been pub-
lished concerning fixation of femur- and periprosthetic
fractures with NCB plates [12,16,17] showing same or
better results as compared to similar procedures with
monoaxial implants. From the biomechanical point of
view individual studies were published, comparing the
available locking plates with synthetic bones only, but not
on a cadaveric distal femur. As synthetic bone models
will not capture interspecimen variability nor material in-
homogeneity, both of which may affect relative perfor-
mance of both implant systems, we performed the first
cadaveric study to supply data that is closest to the real
situation.

Methods
Specimens
Prior to receipt of donated bodies for teaching and/or
scientific purposes at the University of Marburg, Depart-
ment of Anatomy, consent is established using a Body
Consent Form. Fourteen formalin fixed cadaveric femora
were used. Conventional anteroposterior and mediolateral
radiographs were taken from all specimens excluding pre-
existing pathology or prior fractures. Bone mineral density
(BMD) was assessed using dual-energy x-ray absorp-
tiometry (DXA, Lunar Prodigy, General Electric Company
Healthcare, United Kingdom) imaging at the total hip. Left
and right femora of one individual were randomized to
either Group A (NCB) or Group B (PERILOC), allowing
for a pair-wise comparison in an attempt to control for
specimen variability. After truncating the femora to a
length of 30 cm from the condyles, the proximal shaft was
embedded in a special form cup with 8 screws in 90° op-
position to each other. The femur condyles were po-
sitioned parallel to the horizontal axis. In this way, the
weight bearing axis was oriented along the femur shaft
axis. This research complies with the Declaration of
Helsinki.

Implants and locking mechanism
Both implants are from titanium alloy and anatomically
preformed for left and right femurs to fit the lateral cor-
tex. As a polyaxial locking plating system the 9-hole
(246 mm) NCB® (Non-Contact-Bridging-plate, Zimmer
Inc., Winterthur, Switzerland) was used [18]. Shaft fixation
is achieved with 5 mm cortical screws, drilled with a 4.3
mm tip. For condyle fixation, 5 mm cancellous screws are
used with a drill hole of 2.5 mm.
As reference implant, the monoaxial plating system with

the 10-hole (230 mm) PERILOC plate (Smith & Nephew
Inc., Cordova, USA) was used with a well known head
locking construct. The plate was fixed to the shaft with
4.5 mm self-threading cortical screws with a 3.5 mm drill
hole. The condyles were stabilized with 4.5 mm cancellous
screws and a 3.5 mm drill hole.

Fracture model
As a fracture model, an unstable supracondylar com-
minuted T-fracture was simulated (AO/OTA33-C2). A
standardized osteotomy was performed vertically trans-
condylar in the “whiteside line” and horizontally in the
supracondylar region. To mimic a comminuted fracture
zone, a vertical gap of 20 mm was kept at plate fixation
[19]. Correct fitting of the instrumentation was assessed
and documented by x-ray as well as by photography for
each specimen.

Group A (NCB)
The NCB plate was fixed proximally with four 5 mm poly-
axial locking screws in a 15° angle alternating in the direc-
tion to anterior and posterior. Distal to the comminuted
segment all five plate holes were filled with 5 mm cancel-
lous screws inserted at the maximum possible angle of 15°
alternating for each screw. Following the manufacturer’s
instructions locking caps were then applied to all screws



Figure 1 Biomechanical setting.
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using a torque-limiting screwdriver (6 N) provided with
the system (Figure 1).

Group B (PERILOC)
The PERILOC plate was fixed to the shaft with four
4.5 mm cortical screws perpendicular to the plate. For
distal fragment fixation the same number of five 4.5 mm
cancellous screws were inserted.

Biomechanical testing
The biomechanical testing was performed on a servohy-
draulic mechanical testing system (series 5566, Instron
Corporation, Norwood, MA, USA). For realistic simula-
tion the femur was turned upside down. As a pressure
device, a polyethylene covered tibial baseplate of a total
knee arthroplasty was used and mounted on the testing
machine proximally. The proximal femur shaft was fixed
distally in a custom-made mold to prevent rotation du-
ring testing. At all times of testing, the proximally posi-
tioned tibial condyle was free to move under the load
application plate.
Each specimen was tested under incrementally in-

creasing cyclic sinusoidal loads applied vertically through
the anatomical axis of the femur. We used a loading
protocol well described for mechanical evaluation of dis-
tal femur fractures [19-21]. It consisted of increments of
10 cycles, starting with a 200 N load. The load of each
following increment was increased by 200 N to a maxi-
mum load of 2000 N with 500 cycles at a frequency of 1
Hz allowing 15 minutes of rest between each increment.
Testing was conducted in a displacement control mode.

End points
The test end point was implant breakage or relevant loss
of reduction due to cutout of the screws in the bone.
Break off criteria for the biomechanical testing as con-
struct failure were defined as a sudden load drop of
more than 30 % or plastic deformation of more than
5 mm.

Data acquisition and statistical analysis
Time, number of cycles, axial load and axial displacement
were recorded using Bluehill II software, series 5500. For
axial testing, a load–displacement curve was plotted for
each construct. Plastic deformation was calculated by
subtracting the initial displacement from displacement
present after reaching yield point once the load was re-
moved. It subsumes the deformation of the bone, the
screws and the plate, whereas the weakest component of
this chain is the cadaveric bone. Synchronously, optical
(photo and video) and machine data were captured.
Statistical analysis was performed using the R pro-

gram for statistical computing (www.r-project.org; version
2.15.0; package MethComp). Due to a low sample number

http://www.r-project.org


Table 1 Comparison of bone mineral density and plastic deformation of each construct [data is given as mean
value ± standard deviation (SD)]

Group A (NCB®) Group B (PERILOC®)
p-value

n =7 n =7

Bone mineral density (g/cm2)
0.799 ± 0.226 0.855 g/cm2 ± 0.263

p = 0.699
Range 0.423 – 1.126 Range 0.555 – 1.313

Plastic deformation (mm)
1.51 ± 0.77 1.37 ± 0.83

p = 0.717
(Range 0.81 – 3.26) (Range 0.83 – 3.67)
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a non parametric statistical test (exact Wilcoxon signed
rank test) was applied. A p-value of less than 0.05 was
considered to be statistically significant.

Results
Seven pairs of cadaveric femora were used (2 male, 5 fe-
male donors). The mean donor age at the time of death
was 75 years (range 45-92 years). The results for the bio-
mechanical testing are shown in Table 1.
Five constructs failed before reaching the maximum

applied force of 2000 N. In 4 cases, failure was due to a
distal loss of reduction (2 × PERILOC, 2 × NCB) due to
a cutout of the screws as shown in Figure 2.
One sample (PERILOC®) showed at 2000 N a complete

failure in the shaft region, whereas the condyles were
still stable (Figure 3). All other bones reached the test
endpoint of 2000 N without any complication.
Figure 4 presents the absolute values of plastic de-

formation of all samples in relation to the axial force.
Figure 2 Failure at 1600 N (NCB-plate, sample 11/10) with
deformation of the bone due to a cutout of the screws.
Both plates are compared for every bone pair. In most
samples the curves have a very parallel or similar course.
The overall plastic deformation in both groups was

comparable. The measured differences were statistically
not significant (Figure 5).
In the radiographs, we observed in all specimens of both

groups no unexpected results (bone fissures or fractures,
screw loosening/loss of locking mechanism, screw ben-
ding) despite the 5 described construct failures. No ob-
vious permanent plate bending or deformation was found.
Only one pullout failure of the proximal fragment as a
complete burst fracture was observed as shown above.

Discussion
Distal femur fractures especially in the elderly are dedi-
cated to be the most problematic fractures in trauma
surgery. These fractures can be complicated to treat and
require advanced surgical skills and optimal implants.
After nailing and conventional plating, monoaxial pla-
ting was suggested [9,17,22]. The newest device is the
polyaxial locking plate.
From a clinical point of view, there are two main tar-

gets: first, that the fracture heals, and second, that the
construct itself does not fail [8]. Stress tests have indi-
cated that the locking plates of the first generation may
provide improved distal fixation of distal femur fractures
especially in osteoporotic bone, withstanding greater
axial loads and requiring higher energy to failure, com-
pared to the angled blade plates or intramedullary nails
[23,24]. In far distal fractures sufficient fixation of an
intramedullary nail can be impossible, why in such cases
Figure 3 Complete pull out of the proximal plate and fracture at
2000 N at an osteoporotic bone. PERILOC®-plate (sample 17-10).
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Figure 4 Absolute values of plastic deformation of all probe
pairs (the scales are for all graphs the same).
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plating should be preferred [4]. To maintain the osseous
blood supply, pre-contoured plates are placed in an epi-
periosteal position, and should have no direct contact with
the bone. Several clinical and biomechanical studies eva-
luated such a system (LISS® - Less-Invasive stabilization
System) which was introduced as an “internal fixator”
[25]. However, this and other first-generation fixed-angle
locking plates have screws that are inserted perpendicular
to the plate, which limits their clinical applicability
[4,5,20,26-28]. In the case of periprosthetic fractures with
Figure 5 Boxplots of the mean plastic deformation for each
plate (in mm). The box shows the area of the middle 50% of the
data. The horizontal line in the box represents the median while the
whiskers reach out to the minimum and maximum values.
intramedullary stems or impossible bicortical screw place-
ment, unicortical screw fixation was suggested. Unfortu-
nately, several studies show high complication rates of up
to 30% due to a break-out of the unicortical screws espe-
cially in osteoporotic bones [29-31]. Polyaxial screw place-
ment is suggested to be the clue.
Up to date only two authors published biomechanical

series comparing the polyaxial NCB®-plate to monoaxial
implants in the distal femur. Otto et al. compared the sta-
bility to axial loading to the LISS® plate in synthetic bones.
There was no difference with regard to stiffness, load to
failure, and peak force [32]. Wilkens et al. compared the
NCB®-plate to another polyaxial plate and the LISS® fur-
thermore in terms of parallel or angled screw placement
[21]. They showed that the NCB® system outperformed
the conventional plates in nearly all tested parameters. As
limitation of their study Wilkens et al. stated that it was
not conducted with cadaveric bones [33]. Investigations
using synthetic bones can not adequately replace cadaveric
studies due to the fact that synthetic bone models will not
capture interspecimen variability nor material inhomogen-
eity, both of which may affect relative performance of both
implant systems. Nevertheless these studies may need to
be validated by further testing with a small cadaveric bone
sample in order to produce conclusive results. The only
two publications delivering biomechanical data with ca-
daveric femurs and NCB® plates are dealing with proximal
periprosthetic fractures. Konstantinidis et al. compared bi-
(NCB®)- and monocortical LISS®- fixation in formalin-
fixed femora with Vancouver B1-fractures [34]. They
concluded that bicortical screw placement should be pre-
ferred whenever possible and that fracture stabilization
can be achieved equally well using either LISS®- or the
NCB®-plate. Wähnert et al. published recently a biome-
chanical comparison with fresh-frozen cadavers of the
same periprosthetic proximal femur fracture. They com-
pared the NCB® system to another angular stable implant
(fixed angle locking attachment plate, LAP®, Depuy-
Synthes) and concluded that the non-contact bridging
plate revealed significantly higher failure load and may be
the preferred option [35].
There is no published data yet comparing NCB® plates

to monoaxial plates in a cadaveric model of a distal femur
fracture. The PERILOC® plate was chosen as monoaxial
reference as it is from the biomechanical aspects as well
as from the locking mechanism (thread in the head of the
screw engaging in the hole of the plate) comparable to the
LISS® plate. Both system simulates the concept of mini-
mally invasive bridging of a comminuted fracture, and
could be implanted via an aiming device with a limited ap-
proach. Concerning different available cadaveric bones a
prior study showed, that formalin-fixed and fresh frozen
femurs had similar characteristics in mechanical testing
[36]. In the present study cadaveric formalin fixed femurs
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were used to mimic a realistic situation in such fractures in
either osteoporotic as well as in younger individuals with
higher bone density. The BMD in both groups showed
samples either from osteoporotic as well as from younger
and stronger bones. Both groups showed in regard of
BMD no significant differences. The study design aimed at
testing plate osteosynthesis at an open gap fracture model,
which was biomechanically similar to a comminuted, in-
accurately reduced, or non-consolidated fracture. A major
challenge in real surgery is the direction of screws from a
weak or comminuted region to a subjective ‘more stable’
bony region in internal fixation. Fixed angle monoaxial
plates do not allow any angulation of the drill for screw
placement, leading to a frequent suboptimal screw fixation
in weak cancellous bone. Polyaxiality allows the surgeon to
redirect the drill to find subjective ‘stronger’ bone for se-
curer screw placement in the condylar region, as well as in
the shaft (use of lag screws as a kind of hybrid system).
Concerning the locking mechanism of both systems, the

above mentioned results showed no failure of locking
mechanism or screw loosening. This is comparable to the
published biomechanical data showing sufficient stability
of the innovative frictional locking mechanism of the
NCB® system with small caps locking the screw heads to
the plate [21].
In our series, no implant failure as plate breakage or

bending occurred. This may be due to the limited force ap-
plied on the samples with 2000 N and to the “physio-
logical” loading with the axial force on the anatomical axis.
There was no scientific interest in maximal loading like a
“load-to failure” as the results up to a relevant high force
were meaningful. Comparing both devices in both groups,
no statistically significant differences were found regarding
stability. The failure modes, which were observed in other
biomechanical series with similar test designs at the femur
shaft or proximal femur are analog to our results [37].
This study, as in several other clinical and composite

bone trials [30-32,34], shows at least similar stability of
tested poly- and monoaxial plates.
This study is limited by its inability to directly correlate

biomechanical testing in a cadaveric system with clinical re-
sults. Another limitation results from using formalin-fixed
specimen denuded of surrounding soft tissue. However, as
shown by Topp et al. they have similar characteristics in
mechanical testing as fresh frozen bones and are a good
option for mechanical testing of orthopedic and trauma
devices [36]. Moreover, the use of paired femora will likely
limit any confounding effect of the formalin-related alter-
ations of biomechanical properties of the specimen.

Conclusion
The test settings used in this study showed no statistical
difference in the stability of PERILOC® and NCB® plates.
No material fatigue under cyclical loading was observed.
Thus, the NCB®-plate is comparable to the PERILOC®-
plate in biomechanical aspects. Operative stabilization of
distal femur fractures can be successfully and equally
well achieved using either the PERILOC® plate or the
NCB® plate. In complex supracondylar and peripros-
thetic fractures, the NCB® -plate might show superiority
due to its higher flexibility and angulation in bicortical
screw placement to regions with better bone stock.

Competing interests
The authors declare that they have no competing interests’ in relation to this
study. There was no funding or sponsoring in this study.

Authors’ contributions
All authors read and approved the final manuscript. BFE participated in the
study design, carried out the study, interpreted the results, and drafted the
manuscript. SR and TE helped with the draft of the manuscript and critical
revision as well as interpretation of the results. NT set up the protocol and
performed the statistical data analysis. SK carried out the study and
participated in interpretation of the results as well as in the draft of the
manuscript. RZ participated in the design of the study, carried out the study,
interpreted the results, and helped with the draft of the manuscript.

Acknowledgements
The authors wish to thank the Department of Anatomy of the Philipps-University
Marburg, Germany for providing the samples and cand. med. Rainer Koch,
Philipps-University Marburg, Germany for support in the laboratory facilities.
There was no external funding. The material costs were funded through the
Department of Orthopaedics and Rheumatology, University Hospital
Marburg, Germany. The laboratory facilities are owned by the Department of
Trauma, Hand and Reconstructive Surgery, University Hospital Marburg,
Germany.

Author details
1Department of Orthopaedics and Rheumatology, University Hospital
Marburg, Baldingerstrasse, 35043 Marburg, Germany. 2Department of Trauma,
Hand and Reconstructive Surgery, University Hospital Marburg,
Baldingerstrasse, 35043 Marburg, Germany. 3Institute for Medical Biometry
and Epidemiology, Philipps University Marburg, Bunsenstraße 3, 35037
Marburg, Germany. 4Department of Orthopaedic Surgery, Kantonsspital
Frauenfeld, Pfaffenholzstrasse 4, 8501 Frauenfeld, Switzerland.

Received: 7 May 2014 Accepted: 27 October 2014
Published: 6 November 2014

References
1. Perren SM: Evolution of the internal fixation of long bone fractures. The

scientific basis of biological internal fixation: choosing a new balance
between stability and biology. J Bone Joint Surg Br 2002, 84(8):1093–1110.

2. Lindahl H: Epidemiology of periprosthetic femur fracture around a total
hip arthroplasty. Injury 2007, 38(6):651–654.

3. Schandelmaier P, Gossling T, Partenheimer A, Krettek C: [Distal fractures of
the femur]. Chirurg 2002, 73(12):1221–1233. quiz 1233-1224.

4. Smith TO, Hedges C, MacNair R, Schankat K, Wimhurst JA: The clinical and
radiological outcomes of the LISS plate for distal femoral fractures:
a systematic review. Injury 2009, 40(10):1049–1063.

5. Stover M: Distal femoral fractures: current treatment, results and
problems. Injury 2001, 32(Suppl 3):SC3–SC13.

6. Butt MS, Krikler SJ, Ali MS: Displaced fractures of the distal femur in
elderly patients. Operative versus non-operative treatment. J Bone Joint
Surg Br 1996, 78(1):110–114.

7. Mont MA, Maar DC: Fractures of the ipsilateral femur after hip
arthroplasty. A statistical analysis of outcome based on 487 patients.
J Arthroplasty 1994, 9(5):511–519.

8. Buttaro MA, Farfalli G, Paredes Nunez M, Comba F, Piccaluga F: Locking
compression plate fixation of Vancouver type-B1 periprosthetic femoral
fractures. J Bone Joint Surg Am 2007, 89(9):1964–1969.



El-Zayat et al. BMC Musculoskeletal Disorders 2014, 15:369 Page 7 of 7
http://www.biomedcentral.com/1471-2474/15/369
9. Kobbe P, Klemm R, Reilmann H, Hockertz TJ: Less invasive stabilisation
system (LISS) for the treatment of periprosthetic femoral fractures:
a 3-year follow-up. Injury 2008, 39(4):472–479.

10. O'Toole RV, Gobezie R, Hwang R, Chandler AR, Smith RM, Estok DM 2nd,
Vrahas MS: Low complication rate of LISS for femur fractures adjacent to
stable hip or knee arthroplasty. Clin Orthop Relat Res 2006, 450:203–210.

11. Wick M, Muller EJ, Kutscha-Lissberg F, Hopf F, Muhr G: [Periprosthetic
supracondylar femoral fractures: LISS or retrograde intramedullary
nailing? Problems with the use of minimally invasive technique].
Unfallchirurg 2004, 107(3):181–188.

12. Ruchholtz S, El-Zayat B, Kreslo D, Bucking B, Lewan U, Kruger A, Zettl R:
Less invasive polyaxial locking plate fixation in periprosthetic and
peri-implant fractures of the femur–a prospective study of 41 patients.
Injury 2013, 44(2):239–248.

13. Kregor PJ, Stannard J, Zlowodzki M, Cole PA, Alonso J: Distal femoral
fracture fixation utilizing the Less Invasive Stabilization System (L.I.S.S.):
the technique and early results. Injury 2001, 32 Suppl 3:SC32–SC47.

14. Chakravarthy J, Bansal R, Cooper J: Locking plate osteosynthesis for
Vancouver Type B1 and Type C periprosthetic fractures of femur:
a report on 12 patients. Injury 2007, 38(6):725–733.

15. Hanschen M, Aschenbrenner IM, Fehske K, Kirchhoff S, Keil L, Holzapfel BM,
Winkler S, Fuechtmeier B, Neugebauer R, Luehrs S, Liener U, Biberthaler P:
Mono- versus polyaxial locking plates in distal femur fractures:
a prospective randomized multicentre clinical trial. Int Orthop 2014,
38(4):857–863.

16. El-Zayat BF, Zettl R, Efe T, Kruger A, Eisenberg F, Ruchholtz S: [Minimally
invasive treatment of geriatric and osteoporotic femur fractures with
polyaxial locking implants (NCB-DF (R)).]. Unfallchirurg 2012, 115(2):134–144.

17. Erhardt JB, Grob K, Roderer G, Hoffmann A, Forster TN, Kuster MS: Treatment
of periprosthetic femur fractures with the non-contact bridging plate: a
new angular stable implant. Arch Orthop Trauma Surg 2008, 128(4):409–416.

18. Roderer G, Gebhard F, Erhardt J, Al-Agha S, AbouElsoud M, Kinzl L: [The
Non-Contact Bridging Plate. A new fixed-angle device for the minimally-
invasive treatment of fractures of the proximal humerus–technique and
preliminary results]. Unfallchirurg 2007, 110(6):505–512.

19. Heiney JP, Barnett MD, Vrabec GA, Schoenfeld AJ, Baji A, Njus GO: Distal
femoral fixation: a biomechanical comparison of trigen retrograde
intramedullary (i.m.) nail, dynamic condylar screw (DCS), and locking
compression plate (LCP) condylar plate. J Trauma 2009, 66(2):443–449.

20. Zlowodzki M, Williamson S, Zardiackas LD, Kregor PJ: Biomechanical
evaluation of the less invasive stabilization system and the 95-degree
angled blade plate for the internal fixation of distal femur Fractures in
human cadaveric bones with high bone mineral density. J Trauma 2006,
60(4):836–840.

21. Wilkens KJ, Curtiss S, Lee MA: Polyaxial locking plate fixation in distal
femur fractures: a biomechanical comparison. J Orthop Trauma 2008,
22(9):624–628.

22. Ritter MA, Thong AE, Keating EM, Faris PM, Meding JB, Berend ME, Pierson JL,
Davis KE: The effect of femoral notching during total knee arthroplasty on
the prevalence of postoperative femoral fractures and on clinical outcome.
J Bone Joint Surg Am 2005, 87(11):2411–2414.

23. Bong MR, Egol KA, Koval KJ, Kummer FJ, Su ET, Iesaka K, Bayer J, Di Cesare
PE: Comparison of the LISS and a retrograde-inserted supracondylar
intramedullary nail for fixation of a periprosthetic distal femur fracture
proximal to a total knee arthroplasty. J Arthroplasty 2002, 17(7):876–881.

24. Zlowodzki M, Williamson S, Cole PA, Zardiackas LD, Kregor PJ:
Biomechanical evaluation of the less invasive stabilization system,
angled blade plate, and retrograde intramedullary nail for the internal
fixation of distal femur fractures. J Orthop Trauma 2004, 18(8):494–502.

25. Krettek C, Schandelmaier P, Richter M, Tscherne H: [Distal femoral
fractures]. Swiss Surg 1998, 6:263–278.

26. Wong MK, Leung F, Chow SP: Treatment of distal femoral fractures in
the elderly using a less-invasive plating technique. Int Orthop 2005,
29(2):117–120.

27. Wagner M: General principles for the clinical use of the LCP. Injury 2003,
34(Suppl 2):B31–B42.

28. Stoffel K, Dieter U, Stachowiak G, Gachter A, Kuster MS: Biomechanical
testing of the LCP–how can stability in locked internal fixators be
controlled? Injury 2003, 34(Suppl 2):B11–B19.
29. Fulkerson E, Tejwani N, Stuchin S, Egol K: Management of periprosthetic
femur fractures with a first generation locking plate. Injury 2007,
38(8):965–972.

30. Ehlinger M, Adam P, Abane L, Rahme M, Moor BK, Arlettaz Y, Bonnomet F:
Treatment of periprosthetic femoral fractures of the knee. Knee Surg
Sports Traumatol Arthrosc 2011, 19(9):1473–1478.

31. Wood GC, Naudie DR, McAuley J, McCalden RW: Locking compression
plates for the treatment of periprosthetic femoral fractures around
well-fixed total hip and knee implants. J Arthroplasty 2011, 26(6):886–892.

32. Otto RJ, Moed BR, Bledsoe JG: Biomechanical comparison of polyaxial-
type locking plates and a fixed-angle locking plate for internal fixation
of distal femur fractures. J Orthop Trauma 2009, 23(9):645–652.

33. Fulkerson E, Egol KA, Kubiak EN, Liporace F, Kummer FJ, Koval KJ: Fixation
of diaphyseal fractures with a segmental defect: a biomechanical
comparison of locked and conventional plating techniques. J Trauma
2006, 60(4):830–835.

34. Konstantinidis L, Hauschild O, Beckmann NA, Hirschmuller A, Sudkamp NP,
Helwig P: Treatment of periprosthetic femoral fractures with two different
minimal invasive angle-stable plates: biomechanical comparison studies on
cadaveric bones. Injury 2010, 41(12):1256–1261.

35. Wahnert D, Schroder R, Schulze M, Westerhoff P, Raschke M, Stange R:
Biomechanical comparison of two angular stable plate constructions for
periprosthetic femur fracture fixation. Int Orthop 2014, 38(1):47–53.

36. Topp T, Muller T, Huss S, Kann PH, Weihe E, Ruchholtz S, Zettl RP:
Embalmed and fresh frozen human bones in orthopedic cadaveric
studies: which bone is authentic and feasible? Acta Orthop 2012,
83(5):543–547.

37. Zdero R, Walker R, Waddell JP, Schemitsch EH: Biomechanical evaluation
of periprosthetic femoral fracture fixation. J Bone Joint Surg Am 2008,
90(5):1068–1077.

doi:10.1186/1471-2474-15-369
Cite this article as: El-Zayat et al.: Mono- versus polyaxial locking plates
in distal femur fractures – a biomechanical comparison of the Non-
Contact-Bridging- (NCB) and the PERILOC-plate. BMC Musculoskeletal
Disorders 2014 15:369.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Specimens
	Implants and locking mechanism
	Fracture model
	Group A (NCB)
	Group B (PERILOC)
	Biomechanical testing
	End points
	Data acquisition and statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

