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Introduction:  Oxidized zirconium (OxZr; ASTM 
F2384) was developed as an alternative bearing surface 
for use in joint replacement. By heating a zirconium alloy, 
a zirconia ceramic surface about 5 µm thick is formed by 
oxygen diffusion from air [1]. This surface is translucent, 
which might cause errors when using optical profilometry 
methods. The purpose of this study is to compare 
roughness measurements made by optical and contact 
profilometers on OxZr discs before and after sputter-
coating half of the surface with gold. We hypothesized 
that the optical and contact profilometry roughness data 
from scans on OxZr discs would be comparable and 
unaffected by a thin layer of gold sputter coating. 
 

Materials and Methods:  Five 35 mm diameter x 6.75 
mm thick OxZr discs (Figure 1A) were prepared and then 
scanned by optical profilometry (Fogale ZoomSurf 3D; 
phase shifting using monochromatic red light at 640 nm) at 
10x magnification (632 µm x 475 µm scan area, 10 
scans/specimen). After correcting for tilt and filtering for 
noise, roughness data (average roughness Sa, RMS 
roughness Sq, skewness (polarity) Ssk, and kurtosis Sku; 
ASME B46.1-2002) were calculated. Half of the face of 
each specimen was then covered with tape and sputter-
coated (Denton Vacuum Desk III) with a ~24 nm thick 
layer of gold, to make the surface optically opaque (Figure 
1B). After removing the tape, each half of the face was 
examined by contact profilometry (Surfcom 1800D; 2 µm 
tip radius, 0.625mm trace length, 0.006 mm/s), with the 
equivalent 2D parameters calculated (Ra, Rq, Rsk, Rku; 
cutoff length = 0.08 mm). Finally, the specimens were re-
examined by optical profilometry, with 5 scans on each 
half of the face. The calibration of each profilometer had 
been verified by a NIST-traceable standard.  Differences 
between groups were calculated by t-tests, with p < 0.05 
for significance.   

 
Figure 1.  OxZr discs A. as-received; and B. after sputter-
coating the top half of the face with gold. 
 

Results and Discussion:  The initial optical profilometry 
scans (Table 1) revealed the discs to be considerably 
smoother than previously reported OxZr retrievals (Sa = 
about 40 nm [2]), likely due to different polishing 
processes used for a flat disc and a rounded component. 
There were no significant differences per side. After 
sputter coating half of each face, the roughness data were 
not significantly different for each profilometer. 
Roughness data (Ra, Rq) from the contact profilometer 
were generally lower than corresponding optical 
profilometry data (Sa, Sq; Table 2), but the difference is 

likely due to the larger surface analyzed in 3D (at 763 x 
572 pixels, the 3D scan represented 572 linear profiles 
632 µm long, instead of one 2D trace 625 µm long). 
    The polarity (skewness) of a bearing surface helps 
determine its wear potential, with Ssk < 0 typical of 
surfaces of mostly negative, low-wear features [3,4]. The 
skewness of each disc was more positive after sputter 
coating, which may suggest that small negative features 
were filled in by the gold coating. There were no 
significant differences in measurements between the 
coated and non-coated sides for either profilometer (Table 
3), so this effect was minor if it existed. Because 
skewness and kurtosis data are strongly susceptible to 
noise (ASME B46.1-2002), as evidenced by the higher 
Rku for non-coated vs. coated discs, the ratio 3*Ssk/Sku 
(3*Rsk/Rku) was calculated for each scan (Table 3), to 
essentially normalize the polarity to a perfect Gaussian 
(kurtosis = 3) distribution of features. Use of this ratio 
revealed no significant differences in surface polarity. 
 

Conclusions:  This study found optical profilometry 
using 640 nm wavelength light was not affected by the 
translucent nature of the ~5 µm thick OxZr surface. The 
ratio 3*Ssk/Sku  was found to effectively reduce the 
influence of noise on surface polarity measurements. 
 
 

Table 1. Roughness data from optical profilometry scans 
of the OxZr discs, before sputter coating one half of the 
face. The faces were not significantly different. 

Face scanned Sa 
 (nm) 

Sq  
(nm) Ssk Sku 3*Ssk/

Sku 
ZrO2 (left uncoated) 12.6 15.9 0.153 3.58 0.0839
ZrO2 (to be coated) 14.7 18.4 0.0910 3.01 0.0174

Combined data 13.7 17.1 0.122 3.30 0.0506
 

Table 2. Roughness data from 3D (Sa, Sq) and 2D (Ra, 
Rq) scans after sputter coating half of the disc face. Data 
from the uncoated (ZrO2) and gold-coated faces were not 
significantly different (p >> 0.05). 
Face scanned Sa (nm) Sq (nm) Ra (nm) Rq (nm) 

ZrO2 13.8 17.3 10.0 14.3 
Gold 13.6 17.1 9.72 13.7 
p-value 0.896 0.939 0.702 0.568 

 

Table 3. Roughness data from 3D (Ssk, Sku) and 2D 
(Rsk, Rku) scans after sputter coating half of the disc 
face. Data from the uncoated (ZrO2) and gold-coated 
faces were not significantly different (p >> 0.05). 

Face 
scanned Ssk Sku 3*Ssk/ 

Sku Rsk Rku 3*Rsk/
Rku 

ZrO2 0.0402 3.31 -0.0138 -0.428 9.10 -0.0581
Gold 0.0819 3.38 0.0328 -0.0825 4.78 -0.0371
p-value 0.786 0.789 0.710 0.236 0.299 0.441 
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