
Measurement Solutions - Medical

Improved medical implant quality through 
precision measurement

Product Applications



Established in 1886, Taylor Hobson is the world leader 
in surface and form metrology and developed the first 
roundness and surface finish measuring instruments. 

We provide contact and non-contact measurement 
solutions for the most demanding applications on a  
global basis, with a worldwide infrastructure to support 
our clients; we are a truly global ultra precision  
metrology company.

We are pioneers continually developing our products  
to meet the ever-increasing demands of next generation 
technologies, particularly in medical, precision optics, 
automotive, bearings, aerospace and renewable energy 
technologies.

This forward thinking philosophy is captured perfectly 
in our diverse range of product solutions. Recent 
developments include measurement systems for 
intraocular lenses and moulds, femoral heads, stems  
and sockets.

Taylor Hobson is part of the Ultra Precision 
Technologies Division of AMETEK, Inc. which is a leading 
global manufacturer of electronic instruments and 
electromechanical devices with 2014 sales of $4 billion. 
AMETEK has over 15,000 colleagues at more than 120 
manufacturing locations around the world. Supporting 
those operations are more than 100 sales and service 
locations across the United States and in 30 other 
countries around the world.

Local solutions: global company

CCI MP Talyrond 500H Series Form Talysurf i-Series

Taylor Hobson – the experts in bearing, optics and automotive metrology 
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Medical implants require exceptional levels of quality, durability, precision and 
reliability in order to meet patients’ expectations. Recent developments by 
Taylor Hobson deliver an in depth understanding of implant characteristics such 
as wear and provide vital feedback for design improvements. This improves 
both the implant and the quality of life for patients.

3Critical measurements: complete trust

Applications
•	 Ophthalmology

•	 Orthopaedic	Implants

•	 Spinal	Implants

•	 Heart	valves

•	 Dentistry

Typical benefits
•	 	Improvements	in	the	

performance of opthalmics by 
the analysis of characteristics 
such as form error, radius, 
surface finish and astigmatism.

•	 	Improvements	in	the	quality	
and safety of implants by 
analysis of the wear and 
damage found on explanted 
components

Critical analysis types
•	 3D	Topography

•	 Surface	finish

•	 Form	and	contour

•	 Radius

•	 Dimensions	and	features

•	 Tool	tip	radius	and	offset

•	 Angles

•	 Diffractive

•	 Aspheric

•	 Astigmatism

•	 Volumetric	wear

•	 Roundness

•	 Straightness

•	 Flatness

Knee implant Form Talysurf PGI measuring the implant



Taylor Hobson provides non-contact and contact solutions for 
measuring	IOLs	and	IOL	moulds,	reducing	the	variation	in	lens	
power and providing greater control during manufacture. 

IOLs – Measurement for clearer vision

Example of intraocular lens Intraocular metrological scan

Measure critical dimensions to predict 
lens power early in production

IOLs	provide	good,	natural	vision	rapidly	after	cataract	
surgery. They last for the remainder of the patient’s 
life and are now able to correct for either near or far 
vision or a combination of both. Astigmatism can also 
be	corrected	with	IOLs.	

Taylor Hobson provides non-contact and contact 
solutions	for	measuring	IOLs	and	IOL	moulds,	
reducing the variation in lens power and providing 
greater control during manufacture.

Anatomy of the eye showing astigmatism
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CCI – 3D non-contact measurement  
showing defects in IOL mould

CCI – measurement of IOL

Product solutions

•	 Form	Talysurf	PGI

•	 	CCI

•	 TalyMap	software

•	 AAU	software

5Asphero-diffractive analysis software

02
Advanced 

3D aspheric 
analysis

Higher 
success rates 

in surgery
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Use Taylor Hobson’s TalyMap and Asphero-diffractive 
analysis software to:
•	 	Predict	errors	in	the	power	of	the	final	lens	–	by	radius	measurement	

•	 	Improve	lens	performance	–	by	analysis	of	aspheric	form	error	and	roughness

•	 	Improve	diffractive	lens	efficiency	–	by	analysis	of	step	height	and	surface	finish



Hips – extending implant life

Orthopaedic	implants,	like	femoral	heads,	
stems and sockets, are manufactured with 
a very low form error and a high degree of 
smoothness so as to function as low wear 
bearings. During in vivo use, the surfaces are 
subject to both wear and damage. 

Articulating surfaces naturally wear in normal 
use. 3D mapping techniques utilised on Taylor 
Hobson instruments enable you to calculate 
the volume of the component and the volume 
of material that has been worn away. This is an 
essential part of improving the quality and safety 
of implants by analysis of the wear and damage 
found on explanted components.

Taylor Hobson provides solutions for sample development, control 
of the manufacturing process and analysis of defects and scratches.

Image a) CCI – display 
of surface form  

Image b) Surface form removed, 
revealing defects and scratches 

Talyrond – External circumferential 
measurement of ceramic head

Surface finish and form
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Taylor Hobson’s Talyrond systems measure 
form and topography simultaneously, 
identifying areas of wear or corrosion, 
providing precise dimensions for calculating 
the volume of material loss.

This is achieved by use of a high resolution 
gauge (0.3 nm), a frictionless air-bearing 
spindle and precision axial and radial 
datums for measurement of roundness, 
straightness and cylindricity. The system also 
incorporates a patented gauge calibration 
technique for the measurement of radius, 
angle, height, length and distance.  

Talyrond 3D map of explanted hip 
showing worn regions

Zoomed view of worn regions

Product solutions
•	 Form	Talysurf	i-Series

•	 Form	Talysurf	PGI

•	 Talyrond

•	 	CCI

•	 LuphoScan

•	 TalyMap	software

Advanced surface and wear measurement
TalyMap is Taylor Hobson’s 3D analysis 
software, providing:

•	 Radius	and	form	error	analysis

•	 Accurate	calculation	of	wear	volumes

•	 	In	depth	understanding	of	material	
loss patterns

•	 	Control	of	surface	quality	for	
improved durability

•	 	Control	of	taper	angle	and	form	 
to reduce wear
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Knees – improving prosthetic piece performance

Orthopeadic articulating surfaces – knee implant

Knee replacement surgery was first performed in 1968. Since then, 
improvements in manufacture, materials and design have significantly 
increased its effectiveness. Manufacturing process control, combined 
with the detailed measurement and analysis of surface texture, 
form and wear have made total knee replacements one of the most 
successful of medical procedures

ISO 25178   Height parameters

Sa 0.712 µm Arithmetic 
mean height

ISO 25178   Height parameters

Sa 0.145 µm Arithmetic 
mean height

ISO 25178   Height parameters

Sa 0.023 µm Arithmetic 
mean height

Quality control checks throughout the manufacturing process

Product solutions

•	 Form	Talysurf	i-Series

•	 Form	Talysurf	PGI

•	 CCI

Wear on joint prostheses is the main cause of premature failure leading to revision surgery. Increasing the 
prosthetic	component’s	life	is	a	challenge	to	the	industry.	Furthermore,	maintaining	quality	control	during	the	
manufacturing process is key to improving the performance of prosthetic pieces. Taylor Hobson’s combined 
equipment	like	the	Form	Talysurf,	Talyrond	and	CCI	have	enabled	a	clearer	understanding	of	these	points.

André Luis Lima de Oliveira PhD in Biotribology, São Paulo University – USP /Brasil
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Knees – improving prosthetic piece performance 9Volumetric wear software

Compare performance of materials and  
lubricants using 2D and 3D analysis  
techniques through wear scar analysis

Contact	and	non-contact	measurement	techniques	are	available	for	
analysing the wear of components using both 2D and 3D analysis 
techniques to calculate the amount of material that has been worn away.

Cylinder mapping of 3D 
components for analysis of  
volume and material loss

This type of measurement is particularly  
important in implants where the material 
lost has to be dealt with by the body 
and where the void left behind can host 
infections and other foreign bodies.

Wear on joint prostheses is the main cause of premature failure leading to revision surgery. Increasing the 
prosthetic	component’s	life	is	a	challenge	to	the	industry.	Furthermore,	maintaining	quality	control	during	the	
manufacturing process is key to improving the performance of prosthetic pieces. Taylor Hobson’s combined 
equipment	like	the	Form	Talysurf,	Talyrond	and	CCI	have	enabled	a	clearer	understanding	of	these	points.



Further applications

A whole solution

Form,	surface	finish,	contour	
and wear analysis can all be 
delivered in a single 2D or 3D 
measurement using both contact 
and non-contact instruments.

•	 Tooth	implants

•	 Heart	valves

•	 Pump	valves

•	 Spinal	implants

•	 Pill	punches

•	 Intra-ocular	lenses	(IOLs)

•	 Articulating	surfaces	(hip/knee	joints)

•	 Effects	of	toothpastes	and	brushing

•	 Reduce	wastage

•	 Provide	quality	assurance

•	 Research	equipment

•	 Defect	detection

•	 Volumetric	wear	analysis

•	 Manufacturing	process	feedback

Image a) CCI – display 
of surface form  

Image b) Surface form removed, 
revealing defects and scratches 

Extending implant life  
through detailed analysis
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Further reading for the medical industry
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Coherence Correlation Interferometry (CCI)

Accurate measurement  
of optical coating thickness
Yang Yu PhD, Mike Conroy PhD

It is essential to accurately 
control both thickness and 
uniformity for most optical 

coatings to ensure the 
quality, efficiency and 

function of optical devices. 
Coherence Correlation 

Interferometry (CCI) 
provides exceptional 
accuracy over a wide 

range of film thicknesses.

Dr Yang Yu, Applications 
Scientist, Taylor Hobson Ltd.

Applications
Optical coatings are significant in wide 
range of technologies. Typical applications 
include LCD screens, camera lenses, 
coated spectacles, mobile phones and 
astronomical telescopes.

Application note A130: Optical coating measurement

Introduction
Most optical coatings are used to enhance 
reflection or transmission properties of a 
substrate material within an optical system.  
They usually consist of one or more thin layers 
of various materials in order to achieve the 
desired reflection/transmission ratio. These 
layers are deposited on an optical component 
such as a lens or mirror. The performance of 
an optical coating is dependent on the number 
of layers, the thickness of the individual layers 
and the refractive index difference at the layer 
interfaces. The optical coatings used on precision 
optics fall into a number of categories such as 
anti-reflection coatings, high-reflection coatings,  
beamsplitter coatings, filter coatings, extreme 
ultraviolet coatings and transparent coatings.

Optical coatings are used widely in numerous 
technologies and the list of applications is 
growing all the time. Typical applications include 
coated spectacles, camera lenses, LCD screens, 
mobile phones and astronomical telescopes. For 
example, most flat panel displays including LCD, 
OLED, and many other display technologies 
employ transparent conductive oxides (TCOs)  
to transport current. It is very important to 
measure the thickness of liquid crystal layers and 
for OLED displays the layers such as emissive, 
injection, buffer, and the encapsulation layer. 

In addition, it is very important to minimise the 
coating thickness so as to reduce mechanical 

 

stresses that might distort the optical surfaces 
or cause detrimental polarization effects for 
optimizing the optical design. For anti-reflection 
coatings, the layer thickness must be an odd 
number of quarter wavelengths in order to 
eliminate the reflections at a specific wavelength.

Ever-increasing demands are leading to advances in 
optical coating techniques. It is essential to control 
both thickness and uniformity for most optical 
coatings in order to ensure the quality, efficiency 
and function of optical devices. An accurate and 
fast metrology tool is therefore essential. 

A number of metrology tools have been 
employed to measure film thickness. 
These include conventional methods of 
spectrophotometry, ellipsometry, and physical 
step measurement1. Coherence Scanning 
Interferometry (CSI) is becoming a popular 
technique because of its high lateral resolution 
and speed. However, one of the limitations of 
traditional interferometry is the thickness of the 
coating that can be measured. Typically it needs 
to be larger than 1.5 µm to obtain accurate data. 
It is now possible to measure thicknesses down 
to 50 nm or less using Coherence Correlation 
Interferometry (CCI)1 together with HCF 
(Helical Complex Field)3 techniques. Other 
methods have also been used to investigate 
film thickness, for example wavelength scanning 
interferometry, prism coupler and thermal wave 
detection with a laser beam1.

A130  
Accurate measurement of 
optical coating thickness

A140 
Advanced contact and 
non-contact metrology for 
characterisation of optical lenses

A143 
New software to reduce 
set-up time for grinding  
and diamond turning 

Application notes

Introduction
Traditional spherical optics become heavier 
and larger as lenses are combined to achieve 
an increase in functionality and precision, 
but in recent years modern optical designs 
have employed aspheric and diffractive optics 
to reduce the number of lenses needed: 
one aspheric or diffractive lens can replace 
several conventional spherical lenses and as a 
result  the weight, cost and space used are all 
reduced, achieving a more compact and better 
performing optical system. 

Diffractive lenses are normally used by optical 
designers to correct for ‘chromatic aberration’ 
and aspheric optics can be used to reduce or 
eliminate ‘spherical aberration’, thereby  improving 
focus quality. Diffractive optics provide new and 
powerful degrees of freedom for lens design and 
result in high quality data from optical systems. 

More recently, the use of asphero-diffractive 
lenses has significantly reduced the number of 

lenses required by an optical system and greatly 
minimised chromatic and spherical  aberration 
errors by means of compensation techniques: 
diffractive zones can be adopted to compensate 
for chromatic aberration arising from the 
refractive properties of the lens.

Key parameters – lens form  
and roughness
Lens form is one of the most important optical 
design parameters used to control the quality  of 
precision aspheric and asphero-diffractive optics, 
ensuring they perform as required. In addition, 
surface roughness affects performance. It is 
therefore essential to use the very best and most 
efficient measurement techniques.

In this application note we provide some 
examples of the measurement of aspheric and 
asphero-diffractive lenses using both contact 
(PGI) and non-contact (CCI) metrology and we 
proceed with an introduction to each technique.

www.taylor-hobson.com © Taylor Hobson 2013

PGI and CCI – contact and non-contact techniques

Advanced contact and  
non-contact metrology for 
characterisation of optical lenses
Yang Yu, PhD; Richard Smith

Mobile phone cameras 
DVD read/write heads 
Bar-code scanners
High power LED optics 
Blu-Ray DVD optics 
Cameras 
Projectors 
Automotive and medical  
Head-up displays (HUD) 
Infra-red thermal imaging  
for rescue and security 
Astronomy 
Spectroscopy
Optical communications
Biomedics

Application note A140: Optical lenses

With the rapid evolution of optics, suitable advanced metrology tools are necessary 
for characterizing lenses with more complex shapes, of various sizes and made of 
different materials. A number of metrology tools have been employed to measure the 
aspheric and asphero-diffractive lenses. For instance, contact stylus profilometry and 
non-contact interferometry techniques. 

Phase Grating Interferometry (PGI) is a contact stylus profilometry, which can offer larger 
gauge range to resolution when compared with other tradional profilometers, such as 
inductive gauges and laser interferometers.  Coherence Correlation Interferometry (CCI) 
instruments provide advanced 3-dimensional non-contact surface characterization. The 
technique is fast and accurate and provides a high resolution 3D image together with 
analysis that includes 3D roughness, 3D form analysis and 2D profile measurements.

Typical applications

Advanced metrology for optics

‘‘
’’

Introduction
Diamond turning is often used to manufacture 
high quality aspheric elements used in 
optical assemblies in telescopes, lasers, video 
projectors and numerous other systems and 
devices. Diamond turning is a multi-stage 
process. In the final stages of the manufacturing 
process, a diamond tipped lathe tool is used to 
achieve sub-nanometre level surface finishes 
and sub-micron form accuracies.

Figure 1: Diamond turning machine

Recent developments at Taylor Hobson have led 
to the availability of a new Aspheric Analysis Utility 
(AAU) software package. This not only provides 
the form error of aspheres and diffractives, but 
also calculates the X-offset and tool radius error 
which are common and frequent problems in the 
diamond turning process.

In addition to this X-offset analysis feature, Taylor 
Hobson and Precitech have developed software 
that enables the machine and metrology to 
communicate with each other.  This enables 
automatic correction of the X-offset and tool 
radius errors, providing a significant reduction in 
set-up time and improved process performance. 

Survey
Ten diamond turning customers in America 
were approached with a survey to determine 
the effect of Taylor Hobson’s X-offset and radius 
error compensation capabilities. The average 
savings on set-up time are 330 hours per year.  
The larger benefit will be the scrap / rework 
reduction due to the X-offset compensation 
for the effects of the temperature drift in the 
diamond turning process. 

Figure 2: The fast tool Servo system enables 
the diamond turning of surface structures such 
as micro prisms, lens arrays, torics and off-axis 
aspheres with departures up to 1000 microns
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PGI – X offset compensation

New software to reduce 
set-up time for grinding  
and diamond turning 
Lucy Cooper,  Applications Engineer

The new AAU software 
from Taylor Hobson has 

increased our capability to 
manufacture high accuracy 

Infrared optics with 
enhanced diffractive 
analysis capabilities.

Tim Olsen (Dir. Of 
Engineering) Janos 

Technology

Application note A143: New software to reduce set-up time for grinding and diamond turning 

11

http://www.taylor-hobson.com/learning-zone.html



The Metrology Experts
Established in 1886, Taylor Hobson is the world 
leader in surface and form metrology and 
developed the first roundness and surface finish 
measuring instruments. 

www.taylor-hobson.com

Service department
Email:  taylor-hobson.service@ametek.com  
Tel:  +44 (0) 116 246 2900

•  Preventative maintenance – protect your metrology 
investment with an AMECare support agreement.

Sales department
Email:  taylor-hobson.sales@ametek.com  
Tel:  +44 (0) 116 276 3771

•  Design engineering – special purpose, dedicated 
metrology systems for demanding applications.

•  Precision manufacturing – contract machining services 
for high precision applications and industries.

Centre of Excellence department
Email:  taylor-hobson.cofe@ametek.com  
Tel:  +44 (0) 116 276 3779

•   Inspection services – measurement of your production 
parts by skilled technicians using industry leading   
instruments in accord with ISO standards. 

•   Metrology training – practical, hands-on training courses 
for roundness and surface finish conducted by 
experienced metrologists.

•  Operator training – on-site instruction will lead to 
greater proficiency and higher productivity.

•  UKAS calibration and testing – certification for artifacts 
or instruments in our laboratory or at customer’s site.
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Taylor Hobson UK 
(Global Headquarters)

PO Box 36, 2 New Star Road
Leicester, LE4 9JQ, England 

Tel:  +44 (0)116 276 3771
taylor-hobson.sales@ametek.com

Taylor Hobson France
Rond Point de l’Epine Champs 
Batiment D, 78990 Elancourt, France 

Tel:  +33 130 68 89 30
taylor-hobson.france@ametek.com

Taylor Hobson Germany
Rudolf-Diesel-Straße 16, 
D-64331 Weiterstadt, Germany 

Tel:  +49 6150 543 0
taylor-hobson.germany@ametek.com

Taylor Hobson Italy
Via De Barzi, 20087 Robecco sul Naviglio, 
Milan, Italy 

Tel:  +39 02 946 93401  
taylor-hobson.italy@ametek.com 

Taylor Hobson India
Divyasree NR Enclave, 4th Floor, Block A,
Plot No. 1, EPIP Industrial Area, Whitefield, 
Bengaluru - 560066, India

Tel:  +91 80 6782 3346
taylor-hobson.india@ametek.com

Taylor Hobson China 
taylor-hobson-china.sales@ametek.com

Shanghai Office
Part A1, A4. 2nd Floor, Building No. 1, No. 526 
Fute 3rd Road East, Pilot Free Trade Zone, 
Shanghai, 200131, China 

Tel:  +86 21 5868 5111-110 

Beijing Office
Western Section, 2nd Floor, Jing Dong Fang 
Building (B10), No. 10, Jiu Xian Qiao Road, 
Chaoyang District, Beijing, 100015, China 

Tel:  +86 10 8526 2111

Chengdu Office
Unit 9-10,10th Floor 9/F, Hi-tech Incubation 
Park, No.26 West Jinyue Road, Chengdu. 
610041, China 

Tel:  +86 28 8675 8111

Guangzhou Office
Room 810 Dongbao Plaza, No.767 East 
Dongfeng Road, Guangzhou, 510600, China 

Tel:  +86 20 8363 4768

Taylor Hobson Japan
3F Shiba NBF Tower, 1-1-30, Shiba Daimon 
Minato-ku, Tokyo 105-0012, Japan 

Tel:  +81 34400 2400
taylor-hobson.japan@ametek.com

Taylor Hobson Korea
#309, 3rd FL, Gyeonggi R&DB Center, 105, 
Gwanggyo-ro,Yeongtong-gu, Suwon-si,   
Gyeonggi-do, Korea, 16229 

Tel:  +82 31 888 5255 
taylor-hobson.korea@ametek.com

Taylor Hobson Singapore
AMETEK singapore, 10 Ang Mo Kio Street 65,  
No. 05-12 Techpoint, Singapore 569059 

Tel:  +65 6484 2388 Ext 120
taylor-hobson.singapore@ametek.com

Taylor Hobson Thailand
89/45, Moo 15, Enterprise Park, Bangna-Trad 
Road, Tambol Bangkaew, Amphur Bangplee, 
Samutprakarn Province 10540, Thailand 

Tel:  +66 2 0127500 Ext 505
taylor-hobson.thailand@ametek.com

Taylor Hobson Taiwan
10F-5, No.120, Sec. 2, Gongdao Wu Rd.,  
Hsinchu City 30072, Taiwan 

Tel:  +886 3 575 0099 Ext 301
taylor-hobson.taiwan@ametek.com

Taylor Hobson Mexico
Acceso III No. 16 Nave 3 Parque Ind. Benito 
Juarez Queretaro, Qro. Mexico C.P. 76120

Tel:  +52 442 426 4480  
taylor-hobson.mexico@ametek.com

Taylor Hobson USA
27755 Diehl Road, Suite 300, Warrenville, 
IL 60555, USA 

Tel:  +1 630 621 3099 
taylor-hobson.usa@ametek.com

1100 Cassatt Road, Berwyn, PA 19312, USA 
Email:  info.corp@ametek.com 
Web:  www.ametek.com
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