
3D surface measurement is used in a range of industries, 
such as medical implants and devices, automotive 

and aerospace, sensors, and semiconductor. It meets the 
requirements of research labs as well as production floors. 
In each of these industries, the precision and repeatability 
of the measurements is of utmost importance, but perhaps 
in no industry is this as obvious as in the medical field. 

Medical applications for precise 3D surface measurement 
include stents and their coatings, medical implants such as 
hip joints, contact lenses, and medical instruments such as 
scalpels. Manufacturers of medical implants and devices 
have been relying on 3D surface measurement to control 
the quality of such products for years. 

TECHNOLOGY EXPLAINED
Let’s take a closer look at how surface measurement based 
on white light interferometric technology works. 3D optical 
microscopes provide a large amount of information in a 
short amount of time. The process begins when incident 
light from a high-brightness LED source is split into two 
beam paths. One is focused on the sample while the other 
is reflected from a mirror. The two beams are then recom-
bined and focused onto a CCD camera. The recombined 
signals yield a 3D contour map of the sample surface. 
The map is highly accurate and created quickly—the 
measurement technique can acquire the 3D full array of a 
480x640-pixel CCD in seconds. 

White light interferometry microscopes can be used 
to measure surface profiles at any magnification. These 
microscopes can scan up to 100 microns per second 
vertically, imaging the entire field of view in a fraction of a 
second. The technique also enables the part to be mea-
sured more accurately and completely. As compared to 2D 
measurements, 3D surface measurement results in a better 
understanding of a part’s surface texture and shape, as well 
as functionality. 

STENTS 
More than ten million stents are produced worldwide each 
year, and they continue to be used successfully to treat 
atherosclerosis by opening a cavity to improve blood flow. 
The quality of a device implanted in the human body is 
obviously critical, and stents available today have features 
that enable more successful outcomes. Drug eluting stents, 
the most commonly used today, are coated with anti-coag-
ulant drugs in order to improve reactions within the body. 
The coatings allow for better dissemination of the drugs 
and allow blood to flow through the stents. Stents must 
be measured for surface roughness and coating thickness. 
If the stent is malformed, it could impede blood flow, thus 
compromising its role within the body and increasing risk 
within the patient. Coating thickness is no less important. 
The even application of drugs to the stent means that the 
exact dosage will be released at the correct times. Even a 
one micron difference could have critical consequences. 

Thus it is important for manufacturers to be able to 
measure both the stent surface and their coatings. 3D 
optical microscopes can measure both simultaneously. The 
instrument displays critical parameter data for both top 
and bottom surfaces of a coating or multiple coatings, as 
well as providing data on the underlying substrate. After 

Orthopedic implants vary enormously. These variations can 
be in size, from tens of centimeters to millimeters; in shape, 
from simple spherical femoral heads to complex saddle-
shaped knee prostheses; in material, from stainless steel to 
hydroxyapatite; and in surface finish, from super smooth for 
reduced friction to intricately textured to promote stability. 
With such a wide range of parameters, control of the critical 
specifications of a part can become a challenge involving 
many different metrology instruments suited to  
different tasks.

Tolerances on measured quantities are also often 
exceedingly small with deference to a component’s 
functionality and longevity after successful surgical 
implantation. This application note discusses Bruker’s 3D 
optical microscopy technique in both the research and 
development and quality control stages of orthopedic 
implants manufacturing. The benefits of this technique 
include non-contact and non-destructive characterization, 
an insensitivity to material type, a large dynamic range 
to measure very rough and very smooth surfaces, quick, 
accurate and repeatable areal measurements, and the 
capability for complete automation to measure a batch 
of parts and perform pass-fail summaries based on user-
specified parameters.

Bruker’s 3D Optical Microscopy Solution

Orthopedic parts are precision manufactured to very high 
specifications. Parts that have not been manufactured to 
correct specifications or parts that have been damaged or 
have defects must be identified and removed from those 
passing inspection. The main reason for this industry’s strict 
adherence to part specifications is obviously patient health. 
Implantation of a device containing even one component 
that is in some way defective can have dire ramifications. 
Uncertainty in a component’s interaction with the patient’s 
body can prohibit the device from working as designed, or 
can cause future complications such as patient discomfort, 
the need for further treatments and surgeries, or  
even death.

Ultimately, manufacturers work to avoid a recall of a 
defective product, which incurs heavy financial burden as 
well as loss of integrity amongst the medical community. 
In addition to these critical “downstream” reasons for part 
inspection, failure of a part can also provide an extremely 
useful impact on upstream manufacturing processes. For 
example, parts failing due to higher than average surface 
roughness could be an indication of an incorrect polishing 
procedure. This information can be fed back to allow 
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measurements are taken, software identifies deviations 
from the ideal shape. Defective stents are identified, and 
the dimensions, depths and volumes of each pit are tracked 
in a database. The wonderful end result of these measure-
ments is safer and more effective stent-based treatments 
for the general population.

MEDICAL IMPLANTS
As the baby boomer generation ages, hip replacements 
have become the most common orthopedic surgery and 
large volumes of the components for this surgery are 
manufactured each year. Failure to create a quality product 
could obviously have huge implications both for the person 
hosting the hip implant and for the company itself. 

The 3D optical profiling technique allows for the col-
lection of data from hard to access areas, including inside 
small diameter hip cups. 3D optical microscopy can be used 
from design to manufacturing to studying the wearing 
and aging of the product. Analyzing material wear is an 
important consideration, as improper contact between the 
implant and the body can lead to wear and debris, which 
in turn can lead to inflammation. This can cause a host of 
additional problems, from an annoying squeaking sound to 
osteolysis (bone destruction) and pseudotumors. 

Material wear often takes place when materials are 
placed in constant contact with others, which happens 
by necessity with hip cups. The surface analysis technique 
was used to test wear in the following study. A one-inch 
sphere made up of PolyEtherEtherKetone (PEEK) was used 
to simulate a hip joint. The surface was mapped using a 3D 
microscope, with measurements being taken consisting 
of several fields of view measured at 5x magnification and 
combined to produce a view of the surface. After analyzing 
this sphere, a wear mark was created to simulate wear and 
volume removal. Once a volume of material was removed, 
the surface was re-mapped. By subtracting the original 
surface from the second, worn one, the material mass and 
volume loss can be determined. As with stents, it is the 
average patient that benefits from the improvements in 
quality made possible by good surface measurements.

CONTACT LENSES
With the changing demographics of today’s contact lens 
wearer—older and with more complex visual conditions—the 

industry needs to measure increasingly complicated lenses. 
Interocular lenses and bifocal lenses are just two examples. 
3D optical profiling creates a full 3D surface and shape map 
for these complicated lenses. The microscope scans vertically 
with respect to the surface so each point of the test surface 
is checked. The 3D microscopes provide a more complete 
picture of the lens surface than is possible with 2D techniques, 
providing noncontact surface finish and form measurements 
as well as surface defects detection. For manufacturers, this 
helps them develop new types of lenses, lenses that last lon-
ger, and most importantly, lenses that perform better and are 
more comfortable for the consumer.

MEDICAL INSTRUMENTS
Yet another example can be found in the measurement 
of medical instruments. 3D optical profiling can provide 
inspection for medical scalpels as well as basic consumer 
razors, assessing a host of factors such as how well a blade 
will perform in a given situation. For razors, blade comfort 
and cutting quality depend on surface finish characteristics 
and cutting angles. Both can be measured through 3D op-
tical profiling, which gathers surface finish data on average 
roughness (Ra) and peak-to-valley height as well as the cur-
vature of the scalpel cutting surface. Noncontact inspection 
can be done without interfering with sterilization. 

Emerging point-of-care medical testing devices based on 
microfluidic structures also require precision measurement 
of the 3D channel structures and the surface roughness 
of the micro channels in these devices to guarantee the 
quality and performance of such products. 

CONCLUSION
3D optical surface profiling is a powerful tool for guaran-
teeing the quality and performance of precision medical 
devices. With precision optics and sophisticated control 
and analysis software, surface measurement data can be 
collected and analyzed quickly, and the data can be saved 
and stored for additional analysis. Today’s powerful 3D opti-
cal profilers can be automated for fast, reproducible testing 
in production. These measurements greatly affect safety, 
performance, and comfort for countless patients. And many 
new medical applications for high-end 3D optical micro-
scopes are being explored and put to use every year. To 
learn more, visit www.bruker.com/nano. 
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