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Advances in medical technology have been a blessing to those 

who previously had to live with chronic pain and other condi-

tions for which treatment options were limited. Among the im-

proved patient outcomes are those achieved through spinal 

surgeries – which were performed on more than 1.62 million 

grateful patients in the United States in 2019. 

Spinal fusions and other thoracolumbar fixations – performed 

to rectify degenerative disk disease – constitute more than 30 

percent of these procedures – and require the use of preci-

sion-fabricated spinal implants to complete successfully.

Procedures like these have fueled exploding demand for these 

spinal implant – a market that has swelled to $10 billion annu-

ally across the globe.

Like other orthopedic implants, including those used in joint 

reconstruction (“endoprosthetics”) and the surgical fixation of 

Executive Summary 

a bone fracture (“trauma”), spinal implants are subject to very 

specific and strict surface finishing requirements. 

Mass finishing and shot blasting play a key role in creating the 

right finish for spinal implants, not just for intermediate surface 

treatment after forging, casting, machining, and additive manu-

facturing, but also for fabricating the final surface finish before 

implantation.

In this guidebook, we will take a look at specific surface finish-

ing requirements for spinal implants based on their functional 

and performance characteristics, and help you understand the 

types of mass finishing and shot blasting equipment and meth-

ods available to fulfill these requirements. We’ll also provide a 

more detailed understanding of some specific finishing pro-

cesses that are most commonly deployed.
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For many fortunate patients, spinal injuries and other disorders 

can be treated with physical therapy and medication. But when 

a surgical procedure is necessary to fix more significant spinal 

issues that significantly affect the quality of life, implants – and 

the surgical instruments used in their implantation – must be 

honed to perfection, without compromise.

To assure quality, material choice, highly controlled manufac-

turing processes, and perfect surface finishing technologies, all 

play a critical role. Finishing requirements can range from sim-

ple cleaning, deburring or edge radiusing; to definied surface 

smoothing, surface texturing, and high gloss polishing. They 

can even include the induction of compressive residual stress 

as a means of extending component life span. 

While some spinal implants must have a textured, somewhat 

rougher surface finish to promote the attachment of the sur-

rounding bone tissue to the implant – a process known as  os-

seointegration – others require a relatively smooth surface, as 

they might have to be surgically removed after the healing pro-

cess is complete.

The various finishing prerequisites required dictate a lengthy 

finishing journey, utilizing mass finishing and shot blasting 

methods throughout multiple manufacturing phases that cul-

minate, of course, in the final finish that the implant will gain 

before insertion into the body.

Surface Finishing of Spinal Implants: An Introduction
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Spinal rods
For aligning the spine contours and immobilize multiple 
spinal levels

Pedicle screws
Specially designed screws anchored into the pedicles of the 
spinal vertebrae to provide anchoring points for the rods

Spinal hooks Used with rods and other implants for anchoring purposes

Cervical plates For bridging the cervical spine levels that are being fused

Interbody fusion 
cages, also called 
spine cages

Placed between two vertebrae to restore disk height

Artificial disks Implanted as replacement for degenerative disks

Spinal implants are mostly used as components for spinal fu-

sion surgery – helping to stabilize the spine and replace worn 

spine segments like degenerative disks. For fusion surgery, spi-

What are Spinal Implants?

nal implants hold the vertebrae in place while the spine heals 

from the surgery, while also helping to correct spine deformi-

ties.

The list of spinal implants includes:

Image source: U&i Corporation - Driving 
beyond the innovations (youic.com)

Image source: U&i Corporation - Driving 
beyond the innovations (youic.com)

Spinal rod

Pedicle screws

Image source: U&i Corporation - Driving 
beyond the innovations (youic.com)

Image source: Aesculap implant systems
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Spinal implants must comply with the same strict sterility, per-

formance and reliability standards as expected of other ortho-

pedic implants. This is especially true when considering osseo-

integration, because some implants will remain permanently 

in the body and must attach themselves to the surrounding 

tissue. Other implants must have a finish that inhibits osseoin-

tegration, because they might require eventual removal. 

An Emphasis on Quality and Performance 
Requirements

Biocompatibility For aligning the spine contours and immobilize multiple spinal levels

High-tensile strength and  
long life span

Implants such as spinal rods and cervical plates are exposed to considerable loads. 
They must withstand these loads for a lifetime without ever breaking!

High ductility Rods and cervical plates must allow adjustment to follow the spine contours.

High osseointegration 
The direct structural connection of permanent implants (such as interbody cages and 
artificial disks) with the surrounding tissue must be promoted.

Low osseointegration
In some procedures, after a bone graft between spine segments has grown, the rods, 
screws or plates can theoretically be removed. This is especially important with  
children.

Implant material must not  
be magnetic

Magnetic implants can pose a risk to patients.

Other attributes considered when selecting a finishing methodology:
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The Most Common Implant Materials 
and Technical Trends

This material has excellent biomechanical properties and 

offers a very high degree of bio-compatibility. In addition, 

it can be made in a porous form, which promotes osseoin-

tegration. PEEK has been successfully utilized for interbody 

fusion cages (photo), but also for spinal rods.

Traditionally, the most common materials for spinal implants 

have been titanium, titanium alloys, and stainless steel. Occa-

sionally, even platinum is used. All these materials are ductile, 

have a relatively high tensile strength, are highly corrosion re-

sistant, and offer excellent biocompatibility.

Recent material developments have brought to the fore new 

substrates, such as organic thermoplastic polymers (PEEK) and 

special coatings for thermoplastic as well as metal implants. 

Let’s explore these in more detail:

PEEK – polyether ether ketone

Let’s explore these in more detail:

Developed by a leading supplier of medical devices, this 

porous titanium coating, known as  plasmapore, promotes 

increased bone formation and implant stability.

These coatings have been applied to artificial disks (photo) 

and interbody fusion cages.

Porous titanium coating

Image source: Asculap implant systems
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There are literally hundreds of varieties of spinal surgery instru-

ments, including pedicle instruments, distractors and compres-

sors, rod instruments (such as rod cutters, rod holders, and 

rod grippers), forceps, screw drivers, swivel port dilators, and 

many more.

All must be biocompatible to prevent immunological reactions. 

But they must also be functional and reliable, offer a long ser-

vice life, and promote corrosion resistance so they can with-

stand frequent sterilization in steam pressure chambers, expo-

sure to chlorine wipes, and ultrasonic cleaning.

Spinal surgery instruments are mainly made from tough, slow-

wearing, and corrosion-resistant high-performance metal al-

The Role High-Quality Instruments Play in 
Spinal Surgeries 

loys like austenitic stainless steel, titanium and titanium alloys, 

and even cobalt chrome. For functional reasons, some of the 

instruments may even have to be plated.

Aside from material choice, surface treatment is the most im-

portant factor affecting the functionality, performance, and 

longevity of spinal implants and instruments. During the manu-

facturing process, they may have to undergo multiple finishing 

operations including burr removal from previous manufactur-

ing operations, rounding of sharp edges, general surface clean-

ing, surface smoothing and, frequently, high--gloss polishing. 

Treatment steps can also include surface texturing/profiling 

and shot peening

The Demand for Perfection in Surface Finishes
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 � The implants must maintain sharp edges and remain free 

of burrs that can rupture of blood vessels during implan-

tation. (One unique challenge: Pedicle screws must be 

smooth and free of burrs but the helical thread must re-

main rounded, and the edge must remain sharp.

 � For some implants, a smooth, sometimes polished surface 

is required to prevent osseointegration.

 � Other implants require a textured (somewhat rougher) 

surface to promote osseointegration, and also as prepara-

tion for coatings.

 � Surfaces must remain absolutely clean to prevent infec-

tions.

 � Surfaces must promote longevity, to support improved 

resistance against tensile and bending loads. This can be 

achieved with shot peening, which is used mainly in the 

fabrication of spinal rods, screws, and cervical plates.

Finishing requirements for implants:

 � The instruments must be free of burrs and sharp edges, 

except where required 

 � Finished instruments must have a very smooth, polished 

surface, mostly in a matte, non-glare finish.

 � Occasionally, the final finishing stage can include  

passivation and, frequently, plating or electro-polishing.

Finishing requirements for spinal surgery instruments:

 � Additive manufacturing is rapidly evolving from a pure-

ly prototyping method into a full-fledged manu-factur-

ing system. Spinal implants such as titanium interbody 

fusion cages are already made successfully using 3D 

printing processes. We can expect this trend to accel-

erate over the coming years.

 � However, additive manufactured components pose 

enormous finishing challenges: Not only must the sup-

port structures and sintered metal particles be suc-

cessfully removed, but a significantly higher surface 

roughness must also be overcome. The initial surface 

roughness of a 3D printed component can be as high 

as Ra = 2,000 micro inches, while the initial surface 

roughness of a cast or forged part amounts “only” to Ra 

= 120 – 320 micro inches. 

A special challenge – 

Finishing of 3D printed spinal implants

Image source: Business Wire



surface finishing guidebook 

10

System Type: Grinding

Finishing Process: Media and work piece create a rub-

bing effect, using friction between the pieces to grind 

and polish the work piece.

Precision: Surface finishes can be as low as Ra = 0.8 

micro inches (0.02 micron)

System Type: Impact

Finishing Process: Small metal or mineral pellets are thrown 

onto the surface of a work piece at speeds of 200 – 800 feet/

second. The impact produces the desired cleaning, peening 

or texturing effect.

Precision: Smooth finishes are about Ra = 32 – 16 micro 

inches  

Mass Finishing

Shot Blasting

Mass Finishing and Shot Blasting – Assuring 
Precision Outcomes

Many surface treatment technologies are deployed in the 

process of finishing spinal implants and surgical instruments, 

including belt grinding, CNC-grinding, wheel grinding and buff-

ing, washing, thermal deburring, electro-polishing, plating, and 

passivation. However, because of their numerous cost benefits 

and technical flexibility, you’ll find shot blasting and mass finish-

ing at the top of the list of preferred finishing technologies – in 

fact, they are likely the most widely used treatment systems for 

surface preparation and finishing of medical components.

 � Creation of homogeneous, all-around “isotropic” (multi-

directional) finishes as opposed to “anisotropic” (mono-di-

rectional) surface structures produced by machining, belt 

and wheel grinding, drawing, and extrusion.

 � Able to handle all materials, from the toughest metals like 

titanium and platinum to all kinds of polymers and, even, 

ceramics.

 � Able to produce consistent, absolutely repeatable finish-

ing results. They completely eliminate quality fluctuations 

inherent in manual or other mechanical finishing methods

 � Broad spectrum of available equipment, from simple, low-

cost stand-alone machines to fully automated finishing 

systems

Let’s take a closer look at each of these processes:



spinal surgery implants

11

Mass Finishing – Providing the Smooth, Burr-Free 
Finishes Demanded

Mass finishing is a universal finishing technology that achieves 

a high degree of precision and results in a smooth, burr-free 

finish that is required to support successful medical outcomes. 

It can be used for a multitude of surface treatment operations 

for spinal implants as well as instruments for spinal surgery. 

These include deburring/edge radiusing, surface cleaning (des-

caling, de-oiling) after casting, forging, blanking, machining, heat 

treatment, thread rolling for screws and, of course, 3D printing.

Mass finishing can support high gloss polishing down to Ra = 

0.8 micro inches.

For very critical instruments, mass finishing is a preparatory 

step for electro-polishing.

KeramoFinish is a two-in-one finishing system 

that combines smoothing and polishing to

produce perfectly polished surfaces. It uses

grinding/polishing pastes mixed with non-

abrasive high density porcelain media which 

acts as a carrier for the grinding/polishing paste.

The process begins with an intensive grinding 

phase, transitioning to a fine grinding/

smoothing and, finally, a polishing phase.

KeramoFinish®
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Typical mass finishing machines that are used in the fabrication of spinal implants include:

Small rotary and 
tub vibrators

 � interbody fusion cages
 � artificial disks
 � cervical plates
 � spinal rods

Small centrifugal disk 
finishing machines

 � pedicle screws
 � spinal hooks 
 � cervical plates
 � artificial disks

Compact drag finisher  � highly delicate work pieces
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Shot Blasting – Prepping the Spinal Implant For 
Cleaning and Coating 
Shot blasting is an exceptionally versatile surface treatment 

technology that is used for deburring/de-flashing, surface 

cleaning (de-scaling, de-rusting, stripping of coatings), surface 

preparation for coating, for cosmetic purposes, and even sur-

face improvement.

In the finishing of spinal implants, shot blasting is primarily used 

for surface cleaning, surface preparation for coatings, prelimi-

nary smoothing of 3D printed components and shot peening.

Shot blasting is also used for cosmetic purposes -- for example, 

placing a very fine, mat anti-glare finish on certain surgical in-

struments.

One unique application of shot blasting is wet blasting, which 

provides a gentler approach. It uses a medium comprised of 

water and media that is accelerated through a compressed air 

system. This process produces no dust, is variable from gentle 

to aggressive, does not erode metal or impregnate media in 

the work pieces, and creates fine, textured finishes.

 � The work piece surface is bombarded with a 

stream of special blast media

 � Each pellet forms a little “dimple” in the surface 

creating a so-called compressive stress

The result: Extension of the fatigue life

of a component along with increased load bearing

capabilities and higher wear resistance!

Typical work pieces that are shot peened:

All kinds of screws, spinal rods, selected 

surgical instruments!

Increased component life with

shot peening
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Typical shot blasting machines used in the fabrication of spinal implants include:

Air and wet blast 
cabinets
(with rotary basket, 
turtable, rotary satel-
lite stations, etc.)

 � Cleaning and deburring of screws,  
cervical plates and interbody  
fusion cages

Wet blasting cabinets
(with rotary baskets, 
turntable, rotary  
satellite stations, etc.)

 � Cleaning and deburring of screws, 
cervical plates and interbody fusion 
cages. Ideal to final depowder and 
smooth metal additive parts before 
further post processing

Specially engineered 
air and wet blast 
systems

 � For shot peening of spinal rods, 
screws, cervical plates and selected 
surgical instruments
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Dollars and Cents: The ROI Case that Supports 
Mass Finishing and Shot Blasting

Both mass finishing and shot blasting technologies are not only 

very cost-effective, but also highly adaptive to customer needs. 

The equipment spectrum ranges from small manual or semi-

automatic machines for low production volumes, to fully auto-

matic systems for high volume production. 

The customer is in control. They decide how much they wish to 

spend, and what degree of automation is desired. The costs for 

work piece fixtures – if required – are manageable, and due to 

the high degree of mechanization and automation, the person-

nel costs represent only a small percentage of the total costs.

For relatively simple processes, the cost per piece can be as 

low as a few cents. With more complex, multi-step finishing op-

erations for high value components like surgical instruments, 

the entire finishing cost will amount to no more than just a few 

dollars.  

The biggest savings realized by the stability of the finishing pro-

cesses, ensuring absolutely repeatable, high-quality finishing 

results with zero scrap rates.

$
$
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Finishing Task Deburring after thread rolling. The process also must not round the thread to ensure 

that the screw maintains its specified torque.

Mass finishing solution Finishing in a high energy machine with medium cutting ceramic media for 2 hours

Finishing equipment Rosler high energy centrifugal disk finishing machine FKS 04.1 SA. Working capacity = 

0.7 cuft. (20 L). Vibratory screen separation.

Capacity 0.14 cuft (4 L) of screws in 2 hours = approximately 400 work pieces/hour

Deburring of monoaxial titanium pedicle screws

Finishing Application Deep-Dive: 
Mass Finishing Spotlight
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Deburring & surface smoothing of cervical plates made from titanium

Finishing Task Deburring & surface smoothing after blanking. The screw holes and oblong openings 

must be absolutely free of burrs.

Mass finishing solution Finishing in a rotary vibrator with fast cutting small ceramic media. Cycle time = 6 hours

Finishing equipment Rosler rotary vibrator R 220 EC with internal screen separation. Working capacity = 4 

cuft (115 L)

Capacity Approximately 160 work pieces/hour

Finishing Task Surface smoothing and polishing prior to assembly

Mass Finishing Solution 2-step process: 

(1) Surface smoothing with fine grinding ceramic media, 5h

(2) Keramofinish polishing , 13 h

Finishing equipment 2 x Rosler rotary vibrators R 220 EC with internal screen separation. Working capacity 

each = 4.0 cuft. (115 L),  vibratory screen separation.

Capacity Approximately 20 - 25 work pieces/hour

Polishing of medical scissor components made from stainless steel

Image source: U&i Corporation - Driving 
beyond the innovations (youic.com)
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Titanium bone screws for cervical plates

Finishing Task Polishing after deburring

Mass Finishing Solution 2-step process: 

(1) Pre-polishing with porcelain media, 90 min. 

(2) High gloss polishing with dry polishing media, 2 h

Finishing equipment Rosler high energy centrifugal disk finishing machine FKS 02.1 E. Working capacity = 

0.25 cuft. (7 L)  Manual screen separation.

Capacity Approximately 140 work pieces/hour

Titanium bone screws for cervical plates

Finishing Task Shot peening of the screw thread to Almen N = 0.15 mm

Shot blasting solution Air blast system with very fine stainless-steel blast media

Finishing equipment Rosler air blast cabinet RSKI 1400 with satellite table insert. System allows semi-auto-

matic operation. 

Capacity Approximately 300 - 350 work pieces/hour



spinal surgery implants

19

For more information on orthopedic implant finishing, mass finishing, or shot blasting, visit us at www.rosler.us.

If you would like to send in your parts for FREE process development, please contact us 

at 269-441-3000 or rosler-us@rosler.com.     

Titanium spinal rods

Finishing Task Shot peening to Almen N = 0.2 mm

Shot blasting solution Air blast system with stainless blast media

Finishing equipment Rosler swing table air blast cabinet C 2 x 4 SR with 2 x 4 satellite workstations. System 

allows semi-automatic operation and can be expanded to fully automatic operation by 

robotic work piece loading/unloading. 

Capacity Approximately 180 - 200 work pieces/hour
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Rosler Metal Finishing USA, LLC
1551 Denso Road

Battle Creek, MI 49037

Tel: 269-441-3000 
Fax: 269-441-3001

rosler-us@rosler.com
www.rosler.us


