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Summary
The Zimmer® NCB® Periprosthetic Proximal Femur Plate 
and the Synthes LCP™* Curved Broad Plate were tested 
in bending fatigue to 1,000,000 cycles in a laboratory 
environment using essentially identical methods. The test 
methods were intended to simulate fracture fixation of a 
large fracture gap in a proximal femur by attachment of 
the plates to polymeric loading blocks with the appropriate 
locking screws. The 1,000,000 cycle fatigue strength of 
the LCP Curved Broad Plate was estimated to be 240 N 
load and 11.8 N-m bending moment, and that of the NCB 
Periprosthetic Proximal Femur Plate was estimated to 
be 500 N load and 24.5 N-m bending moment. The NCB 
Periprosthetic Proximal Femur Plate was found to be 
approximately twice as strong as the LCP Curved Broad 
Plate in bending fatigue when tested using a clinically 
relevant test methodology. 

Introduction
Zimmer has developed a series of fracture fixation plates 
designed for the femur, including one for use with a 
well fixed in situ femoral hip prosthesis. These NCB 
Periprosthetic Proximal Femur plates use the same polyaxial 
locking screw technology as the current Zimmer NCB Distal 
Femoral Plating System. The NCB Femoral Periprosthetic 
Plate System provides plates for the proximal, shaft, and 
distal aspects of the femur. The NCB Proximal Femur (NCB 
Proximal) plate is designed to contain three regions, as 
shown in Figure 1, and is manufactured from Ti-6Al-4V ELI 
alloy.1 The prosthesis overlap zone is wide with a plurality 
of screw holes to allow flexibility in the surgeon’s choice of 
screw configurations to best fit around an in situ prosthesis. 
The transition zone narrows in the distal direction until the 
more conventional screw hole pattern is established in the 
distal end of the plate. The transition and prosthesis overlap 
zones are intended to span the fracture and support the 
femur during healing. The shaft zone is intended to secure 
the plate to the femur below both the fracture and the distal 
tip of the in situ hip prosthesis. To ensure the mechanical 
performance of the NCB Proximal Plate, a fatigue test was 
conducted using a locked NCB Proximal plate and NCB 
screw construct.
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Figure 1 – NCB Periprosthetic Proximal Femur Plate

The results of the fatigue test were compared to test results 
for the Synthes 4.5mm LCP Curved Broad Plate (LCP 
Plate), part number 426.622, which is manufactured from 
commercially pure titanium, Grade 3.2 This Synthes plate is 
indicated for use in femoral periprosthetic fractures and is a 
part of the Synthes LCP Periprosthetic System.3 Fatigue tests 
of the LCP plate were conducted using essentially identical 
methods as those used for the NCB Proximal plate. 

materials and methods
To provide a relevant comparison between the LCP and NCB 
Proximal plates, the test method for the NCB Proximal plate 
should be as close as possible to that used for the LCP plate. 
For this reason the test method rationales and test methods 
were essentially identical for both plates. Indications for 
these two plates include fixation of femoral fractures, 
including periprosthetic fractures, as classified by the 
Vancouver Classification. Type A fractures are found at the 
proximal end of the femur where the hip stem may provide 
some support for the bone. Type B and C fractures occur 
toward the distal end of the hip stem where the ability of the 
plate to withstand the mechanical load is of concern. This 
testing was conducted to estimate the fatigue strength of the 
plate. Therefore, the test model was aimed at type B and C 
fractures. Schematic examples of Type B and C fractures are 
shown in Figures 2 and 3. 
 

The medial-lateral moment arm for loading of the femur 
decreases from the proximal to the distal aspect due to the 
tilt of the femur in relation to the median plane of the body 
as shown in Figure 4.4 For mechanical loading of the plate 
in a proximal femoral periprosthetic fracture, the worst 
case exists when the fracture occurs at the distal end of the 
hip stem when the prosthesis does not provide support to 
the fracture. A second contributor to the worst case is the 
moment arm, which is greatest at the proximal aspect of the 
femur. A fracture of the femur at the distal end of the shortest 

Figure 2 – Type B-1 Fracture Figure 3 – Type C Fracture
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hip prosthesis then provides the overall worst loading case. 
The shortest traditional Zimmer hip stem is the Alloclassic® 
stem with a stem length 130mm from the greater trochanter.    

Placement of an Alloclassic stem in a typical femur indicates 
a medial-lateral moment arm of approximately 47mm from 
the loading axis of the femoral head to the axis of either 
the NCB Proximal or LCP plate when placed on the lateral 
aspect of the femur. Additionally, an anterior-posterior 
moment arm of approximately 14mm is indicated.  The 
resultant moment arm was calculated to be approximately 
49mm, as                         . The choice of this test moment 
arm is somewhat arbitrary as femora vary greatly in shaft 
diameter, femoral head offset, and other anatomical features 
that would cause the moment arm to vary. The test fixtures 
for the NCB Proximal and LCP plates, shown in Figures 5 
and 6, were designed to provide loading of the test plates 
using a resultant moment arm of 49mm.   

The test fixture was a polyvinylchloride (PVC) tube 43mm 
in outer diameter with an inner diameter of 18mm with 
16mm long struts connecting two halves. For the test of the 
NCB Proximal plate, material was added to the PVC tube at 
the proximal end to accommodate the lateral “flare” of the 
proximal end of the NCB Proximal plate where the plate is 
designed to rest at the distal aspect of the greater trochanter.  
The struts served to maintain alignment between the two 
loading block segments while the plate and screws were 
placed, and were removed prior to testing. This size PVC 
tube provided stiffness in bending within the range generally 
found in a human femur.5,6,7 Titanium alloy cantilever arms 
were attached to each end of the tube. A 28mm prosthetic 
femoral head was attached to each cantilever arm. The heads 
were mated with 28mm diameter insets in polymeric loading 
fixtures attached to the fatigue test frame. This configuration 
held the test fixture in the load frame and allowed loading 
of the test construct without constraining the ability of the 
construct to flex during load application.

      
Figure 4 – Bending moment in the femoral shaft (horizontal 
green lines).4

      
Figure 5 – NCB Proximal Plate test fixture and configuration
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Figure 6 – LCP Plate test fixture and configuration

An 18mm diameter cobalt-chromium alloy bolt was 
placed down the center of the proximal segment of the 
tube to simulate a hip prosthesis and to hold the cantilever 
arm in place.8 This bolt extended the full length of the 
proximal segment of the tube. The bolt was intended to 
limit the flexibility of the PVC tube in much the same way 
a prosthetic hip stem would limit flexibility in a human 
femur. Limiting the deflection of the proximal segment 
of the PVC tube contributed to the “worst case” stress 
scenario by concentrating the deflection during testing in the 
simulated fracture gap. The distal segment of the tube also 
contained an 18mm cobalt-chromium alloy bolt extending 
approximately 40mm from the distal end to hold the distal 
cantilever arm in place, but this bolt stopped short of 
overlapping the test plate.

Because locking plates are not always placed in contact 
with the fractured bone, the NCB Proximal Plate and 
LCP Plate were held off of the test fixture by 2mm. This 
was accomplished for the NCB Proximal Plate by use of 
a stabilization aid and one 2mm shim, and for the LCP 
Plate by use of two 2mm shims. The stabilization aid was 
designed to fit through the gap in the test fixture. During 
assembly of the test construct, the stabilization aid was 
attached to the test fixture and the NCB Proximal Plate 
rested against the aid at a position that maintained the 2mm 
space with the help of one 2mm shim. The stabilization aid 
also aligned the NCB Proximal Plate rotationally relative 
to the test fixture. The LCP Plate was held 2mm from the 
test fixture by placing one shim at each end of the plate. 
Securing either plate directly to the test fixture, without the 
2 mm space, would have allowed the test fixture to support 
the plate during load application. Conducting the test with 
the 2mm space created a worst case stress in the plate. One 
4.3mm diameter screw hole was predrilled into the test 
fixture. By pre-drilling this hole, the plates could be located 
on the fixture consistently. The remaining screw holes 
were drilled at the time of construct assembly. A removable 
alignment peg was designed into each test fixture to ensure 
proper and consistent alignment of the plates on the test 
fixture. The shim, stabilization aid, and alignment peg were 
removed from the construct prior to testing. Figure 7 shows 
the test fixture held in a vise with all alignment devices for 
the NCB Proximal Plate in position for the insertion of the 
initial locking screw. (The photograph shown in Figure 7 
does not show the cantilever arms, bolts, and prosthetic 
femoral heads as they were attached to the test construct 
following the insertion of the locking screws.)

      
Figure 7 – NCB Proximal plate on test fixture with all 
alignment devices in place
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A gap of 16mm was created in the test fixture when the 
struts holding the two halves of the test fixture were 
removed. This gap was large enough to allow the necessary 
deflection of the NCB Proximal and LCP plates during cyclic 
loading. The distance between the two screws adjacent to the 
fracture gap for both plates, when measured center to center 
down the long axis of either plate, was 30.3mm as is shown 
in Figures 5 and 6. This distance represents the functional 
simulated fracture gap across which the two plates were 
unsupported, and was intended to be large enough to 
simulate a comminuted fracture. Both plates were positioned 
on the test fixture to place one empty screw hole within this 
unsupported span.

      
Figure 8 – Detail of test configuration and description of 
NCB Proximal Plate

Figure 8 shows a detailed description of the screw pattern 
used in the NCB Proximal Plate test construct, as well as 
the location of attachment holes for the Trochanteric Device 
and the Minimally Invasive Surgery (MIS) instrument. The 
Trochanteric Device and MIS instrument are not addressed 
in this document. The NCB Proximal Plate was attached 
to the loading block using NCB 5.0mm screws in screw 
holes 6, 7, 9, 10 and 15 as shown in Figures 5 and 7. The 
Surgical Technique recommends use of two 5.0mm screws 
adjacent to the fracture gap both proximally and distally.  
This screw configuration left screw hole 8 unsupported in 
the fracture gap. Using 2-dimensional engineering analysis, 
the cross section through screw hole 8 had previously been 
determined to be the weakest section of the NCB Proximal 
Plate that could be considered for use to span a fracture gap. 
A unicortical NCB 5.0mm screw was placed in hole 6 to 
avoid interference with the simulated hip stem. By placing 
a unicortical screw in hole 6 instead of a longer bicortical 
screw in hole 5 the support of the plate was decreased which 
contributed to the worst case. A 5.0mm screw was placed 
in hole 15, and not hole 16, to better simulate the screw 
spacing of the LCP plate test. Two 4.0mm diameter deep 
thread NCB locking screws were placed in screw holes 
1 and 2. These screws were chosen because they are the 
smallest diameter screws available in the NCB family, which 
contributed to the worst case strength of the entire construct. 
All other screw holes were left without screws. The screw 
pattern was chosen to attach the NCB Proximal Plate to the 

PVC tube in a manner considered to be representative of 
clinical usage while creating a worst case test scenario for 
the NCB Proximal Plate construct. The screw pattern was as 
close as possible to that used for the LCP Plate fatigue test. 
Figures 9 and 10 show the assembled test construct.

The LCP plate was fixed to the loading block using 5.0mm 
diameter, 18mm long Synthes unicortical locking screws. 
The screw pattern was chosen to securely attach the LCP 
plate to the test fixture and has been previously used by 
Fulkerson et al.9 Figures 11 and 12 show the assembled test 
construct.

      
Figure 9 – NCB Proximal assembled construct following 
removal of struts

      
Figure 10 – NCB Proximal assembled construct following 
removal of struts. Note the 2mm gap between NCB Proximal 
plate and test fixture

      
Figure 11 – LCP assembled construct prior to removal of 
struts

      
Figure 12 – LCP assembled construct following removal of 
struts. Note the 2mm gap between LCP plate and test fixture



Construct Assembly Methods – NCB Proximal Plate
The stabilization aid was assembled to the test fixture and 
the 2mm shim was placed between the plate and test fixture 
to maintain the distance between the NCB Proximal Plate 
and the fixture. The NCB Proximal Plate was placed on the 
stabilization aid and attached to the fixture by placing one 
5.0mm diameter NCB unicortical polyaxial bone screw in 
(pre-drilled) hole 6 and aligning the plate at the edge of the 
alignment peg.  

The 4.3mm diameter hole for screw 9 was drilled using 
a NCB 4.3mm drill (part number 02.00024.001 or 
02.00024.002) and drill guide (part number 02.00024.011).  
The 5.0mm diameter, 22mm long, screw was placed and the 
screw locking caps for screws 6 and 9 were snugged into 
position, but not locked. The remaining 4.3mm screw holes 
were drilled and the screws inserted sequentially in order of 
screw/hole 15, 10 and 7. A screw locking cap was snugged 
in place for each screw as the screw was placed. The hole 
for screw 2 was drilled using the appropriate 3.0mm drill 
and drill guide (part number 02.00024.310), the 4.0mm 
deep thread screw was placed, and the locking cap snugged 
into the plate. Screw 1 was then placed using the same 
technique as was used for screw 2. Once all the screws were 
in place, all screw locking caps were tightened to 6 N-m 
using the NCB torque limiting screwdriver, part number 
02.00024.021, as described in the Surgical Technique. The 
shim, stabilization aid, and alignment peg were removed. 
The cantilever arms were placed at each end of the test 
fixture and the cobalt bolts screwed into position. The 
prosthetic femoral heads were added to the fixture and the 
loading block struts cut leaving one empty screw hole in the 
unsupported simulated fracture gap.  

Construct Assembly Methods – LCP Plate
The 2 mm shims were placed between the test fixture and 
the plate to maintain the distance between the LCP Plate and 
the fixture. The LCP Plate was attached to the test fixture by 
placing three 5.0mm locking bone screws in the proximal 
portion of the fixture and three in the distal portion, holes 
1, 4, 5, 7, 8 and 12 according to the screw/hole numbering 
convention shown in Figure 6. The screw for (pre-drilled) 
hole 4 was placed first and the plate aligned at the edge of 
the alignment peg. The 4.3mm diameter hole for screw 8 
was drilled using a 4.3mm Synthes drill guide (part number 
312.499) and the screw inserted by hand until snug. The 
remaining screw holes were drilled and screws inserted 
sequentially in order of screw/hole 12, 1, 5 and 7. All screws 
were placed in the locking portion of the screw holes.  All 
other screw holes in the LCP Plate were left without screws. 
Screws were tightened to 4.5 N-m using a calibrated torque 
wrench to accomplish locking of the screws into the LCP 
Plate. The alignment peg was removed and the struts cut to 
leave one empty screw hole in the unsupported simulated 
fracture gap.

      
Figure 13 – NCB Proximal (left) and LCP (right) plate 
constructs mounted in fatigue test frame

Test Methods – NCB Proximal and LCP Plates
The NCB Proximal and LCP constructs were tested using 
MTS MiniBionix II servohydraulic fatigue test frames with 
2,500 N capacity compression load cells. The polymeric 
load applicators of the test frame were indexed onto the 
femoral heads located on the test fixture. The test load was 
applied sinusoidally with a load ratio of 0.1 (R=0.1) at 6 
Hz. During testing constructs were immersed in aqueous 
0.9% sodium chloride solution at a temperature of 37° C. 
Constructs were tested to 1,000,000 cycles or until failure of 
the construct. Peak load levels for the test constructs were 
selected to develop estimated 1,000,000 cycle fatigue curves 
for each plate. Photographs of the test constructs mounted 
in fatigue test frames are shown in Figure 13. Following 
testing all constructs were disassembled and the plates and 
screws visually and fluorescent penetrant inspected to detect 
cracking.

NCB Proximal Plate Results
A total of 10 NCB Proximal constructs were tested with 
results provided in Table 1 and graphically in Figure 14. 
Construct 1 completed 1,000,000 load cycles at a peak 
load of 440 N without fracture. Constructs 2, 5, and 6 all 
completed 1,000,000 load cycles at a peak load of 500 N 
without fracture. Constructs 9 and 10 completed 1,000,000 
cycles at a peak load of 520 N without fracture. Construct 
7 completed 1,000,000 peak load cycles at 520 N load, but 
following fluorescent penetrant inspection, was found to 
have failed by cracking of the NCB Proximal plate at the 
most distal MIS guide attachment hole beside screw hole 
8. Three constructs failed prior to completion of 1,000,000 
cycles. Constructs 3 and 4 fractured at screw hole 7 in 
the NCB Proximal plate. Construct 8 failed by fracture 
of the NCB Proximal plate at the most distal MIS guide 
attachment hole beside screw hole 8. Figure 15 shows both 
failure modes. Fluorescent penetrant inspection detected 
an indication of cracking in one screw in the 10 constructs 
tested. This screw was part of the construct tested at 620 
N peak load, well above the fatigue strength of the plate. 
The 1,000,000 cycle fatigue strength of the NCB Proximal 
constructs was estimated to be 500 N peak load and 24.5 
N-m peak bending moment.
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Sample Moment Arm 
(m) Peak Load (N) Peak Test 

Moment (N-m) Cycles Construct Failure Mode

1 0.049 440 21.6 1,000,000 Did not fracture
2 0.049 500 24.5 1,000,000 Did not fracture
3 0.049 580 28.4 122,552 NCB Proximal plate fractured
4 0.049 540 26.5 101,422 NCB Proximal plate fractured
5 0.049 500 24.5 1,000,000 Did not fracture
6 0.049 500 24.5 1,000,000 Did not fracture
7 0.049 520 25.5 1,000,000 NCB Proximal plate fractured
8 0.049 620 30.4 96,438 NCB Proximal plate fractured
9 0.049 520 25.5 1,000,000 Did not fracture
10 0.049 520 25.5 1,000,000 Did not fracture

Table 1 – Results of NCB Proximal Plate Fatigue Test

Figure 14 – Graphical results of NCB Proximal and LCP 
construct fatigue testing

Figure 15 – Fractures of NCB Proximal Plate - left, 
construct 3 - right, construct 8

LCP Plate Results
A total of 7 LCP constructs were tested with results provided 
in Table 2 and graphically in Figure 14. Constructs 3, 4, 
and 5 all completed 1,000,000 load cycles at a peak load 
of 240 N without fracture. Four constructs failed prior to 
completion of 1,000,000 cycles. For construct 1 the plate 
fractured diagonally across hole 4 following failure of the 
screw locking mechanism of the screw/plate interface of 
hole 5. Constructs 2, 6, and 7 failed by fracture of the LCP 
plate at holes 7, 5, and 6, respectively.  A typical fracture of 
the LCP plate is shown in Figure 16. Fluorescent penetrant 
inspection detected a circumferential crack in one screw for 
the 7 constructs tested. This screw was part of the construct 
tested at 330 N peak load. The 1,000,000 cycle fatigue 
strength of the LCP constructs was estimated to be 240 N 
peak load and 11.8 N-m peak moment.

Sample Moment Arm 
(m) Peak Load (N) Peak Test 

Moment (N-m) Cycles Construct Failure Mode

1 0.049 260 12.7 959,085 Synthes LCP plate fractured
2 0.049 280 13.7 448,150 Synthes LCP plate fractured
3 0.049 240 11.8 1,000,000 Did not fracture
4 0.049 240 11.8 1,000,000 Did not fracture
5 0.049 240 11.8 1,000,000 Did not fracture
6 0.049 330 16.2 528,195 Synthes LCP plate fractured
7 0.049 400 19.6 27,843 Synthes LCP plate fractured

Table 2 – Results of Synthes LCP Plate Fatigue Test



Figure 16 – Typical fracture of LCP Plate, construct 7

conclusion
The 1,000,000 cycle fatigue strength of the locked NCB 
Proximal plate and screw constructs was estimated to be 
500 N load and 24.5 N-m bending moment. These values 
exceed the estimated 1,000,000 fatigue strength of the 
locked LCP constructs of 240 N load and 11.8 N-m bending 
moment. The NCB Proximal Plate was determined to be 
approximately twice as strong as the LCP Plate in bending 
when tested using a clinically relevant test methodology.
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