
‘volume porosity’. Line intercepts were then taken every 50 
microns from the base metal substrate, and using image 
analysis software, the length of the line intercepts were 
measured. Data was filtered to remove unusually short line 
lengths, considered “noise” in the data, and intercepts 
longer than 1.5 mm, because spaces greater than this were 
not considered a “pore”.

The coefficient of friction of porous coated specimens 
was evaluated following methods adapted from ASTM 
D4518-91. Porous coated test specimens were placed 
porous coating surface down in the center of a 6720 
Last-A-Foam block, loaded with either 30 N or 50 N, 
and pulled with a monofilament line at 100 mm/min for 
0.8 inches. The peak static force, defined as the initial 
peak force prior to a 0.5 N drop in force, was recorded. 
The static friction coefficient, μs, was calculated for each 
specimen as F/N where F was the peak static force and N 
was the applied normal force, including the mass of the 
specimen and the applied load.
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Figure 1: SEM micrographs of representative areas of 
sintered RTPC Samples, Original 50X (left), 100X (right).

Introduction

Functional restoration, particularly in challenging revision 
surgeries where there is significant bone loss, can be 
provided through initial stability and fixation of orthopaedic 
implants. It has been hypothesized that the morphological 
characteristics of the porous surface of uncemented 
implants can influence initial fixation stability. A new 
porous coating has been developed with a combination 
of increased frictional surface roughness, increased 
surface area, greater porosity and pore size compared to 
POROCOAT® Porous Coating. Theoretically, the macro-
roughness of the coating will create a rasping effect against 
autogenous bone and the engineered morphology of the 
coating will provide a network of interconnected pore space 
intended for biologic fixation. The purpose of this work is 
to characterize the porous coating chosen with the optimal 
combination of properties.

Materials and Methods

A highly porous, rougher titanium porous coating 
(herein referred to as RTPC) was achieved using non-
spherical unalloyed titanium powder (150-300 microns) in 
conjunction with a base of spherical unalloyed titanium 
beads (150-300 microns) applied to a Ti-6Al-4V ELI 
substrate. Porous coated samples were produced using 
a typical high temperature vacuum furnace sintering 
cycle. Representative Scanning Electron Microscopy (SEM) 
images are presented in Figure 1.

RTPC samples were carefully cross-sectioned perpendicular 
to the coating and substrate, mounted, and metallurgically 
prepared for morphological evaluation. A photomicrograph 
of a representative cross-section is shown in Figure 2. 
Samples were evaluated for volume porosity and the 
average pore intercept length, as an indication of an 
estimated pore size. Computerized image analysis was 
used to collect data from metallographically prepared 
samples. The principles of stereology were applied to this 
analysis to measure 3-dimensional parameters utilizing 
2- dimensional methods. A macro coupled with the image 
analysis software scanned the images and separated the 
white reflective metal phase from the black pore space. 
The ratio of pore space to area analyzed was expressed as 

Figure 2: Photomicrograph of a metallurgically 
prepared representative crosssection of RTPC.
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To estimate initial stability, blocks of 6715 Last-A-Foam 
were machined to simulate the reamed cavity of reamed 
acetabulum, with line-to-line, 1 mm under, or 2 mm 
under reaming strategies. RTPC coated and POROCOAT® 
Porous Coating PINNACLE® Cups were statically pressed 
into each of the three strategies of machined foam 
cavities to an equal depth. Specimens from each group 
were then torqued horizontally or “levered out” to obtain 
a comparison of the initial fixation strength of the two 
porous coatings.

Results

The average volume porosity of RTPC (n=50) is 64% with 
a standard deviation of 3%. The total range of volume 
porosities observed was 58% to 68%. RTPC was found 
to have an average pore intercept length of 220 microns 
(n=50) with a standard deviation of 20 microns. The 
average static coefficient of friction of RTPC (n=10) was 
1.2 with a standard deviation of 0.1. The total range of 
coefficients of friction observed was 1.1 to 1.3. The results 
of the initial stability testing are summarized in the graphs 
of Figure 3.

Discussion

The basis upon which this new rougher porous coating 
has been developed rely on the 30 year clinical history 
of POROCOAT® Porous Coating, with a concentration on 
those attributes believed to enhance initial stability and 
fixation. Increased coefficient of friction, coupled with 
increased porosity and pore size has shown to withstand 
higher cantilever load and torque of an acetabular 
shell when compared to coating with a lower μs COF 
suggesting the coating may provide greater initial fixation 
and stability, particularly critical in revision reconstructive 
orthopaedic surgeries.

Figure 3: Graphical results of the initial stability testing 
performed with PINNACLE® Acetabular Cups in foam 

bone when tested in torque and lever-out.
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