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Welcome

In this edition of our AM Focus ebook, we are firing up the kilns (or sintering 
ovens) and turning to ceramic additive manufacturing. The technology s egment, 
which comprises both traditional ceramic (i.e. clay) and technical cera mic 3D 
printing, has varied applications, ranging from decorative archit ecture and instal -
lations to medical implants and aerospace structures. This diversity is r eflected 
in our ebook, which looks not only (and predominantly) at the state of technical  
ceramics, but also at cutting-edge work in 3D printed traditional cerami cs.

To begin our Ceramic AM ebook, we present an excerpt (and update) from 
VoxelMatters’ Ceramic AM Report, which showcases and explains the notab le 
growth in ceramics AM services. Next, we zoom in on Studio RAP, a Dutch-based 
specialist in 3D printed ceramic tiles and façades, whose work marks an evolu -
tion of the country’s centuries-old ceramics tradition. Turning back t o technical 
ceramics, we present an interview with Frank Reinauer, Senior Director D ivision 
Implants at KLS Martin, about how the company has come to be producing hun -
dreds of patient-specific ceramic implants using Lithoz technology . And finally, 
we take a look at some recent stories and innovations from the ceramic AM 
segment, including new standards efforts and case studies that illustrat e the 
maturation of the technology. 
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Services grow 
(+22%) as Ceramic 
AM gains industrial 
adoption
The sector overall grew 13.5% year on year to 
$186.5 million in 2025, shifting from hardware-
driven to application-driven.

Analysis
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The ceramic AM sector grew 13.5% year on 
year to $186.5 million in 2025, and the more 
telling number is in the breakdown of that 
figure: services, the key part of the market 
made up of actual parts and production runs 
rather than equipment purchases, grew 
22.3%, more than double the rates of hard -
ware (+8.2%) and materials (+8.1%). 

Hardware still finished the year narrowly 
ahead, at $77.6 million and 41.6% of revenue 
against services’ $75.8 million and 40.6%, 
with materials making up the remaining 
$33.1 million and 17.8%. But in every previ-
ous edition of this study, hardware has led 
by a clear margin. This is the first year the 
gap has closed to $1.8 million, and it closed 
because money is now entering ceramic AM 
through part purchases almost as fast as it 
enters through equipment purchases, which 
is the point at which a technology market 
starts behaving like a manufacturing market 
rather than a market for machines. A sector 
where growth comes from production catch -
ing up to installed hardware, rather than from 
more hardware being bought on the promise 
of future production, is a sector leaving its 
experimental phase behind.

Services target production

Service bureaus produced 208,091 parts in 
2025, up 21.6%, for $75.8 million. Of these, 
final parts passed half of segment reve -
nue for the first time, at 55.8%, and half 
of output, at 52.3%. Together with tooling, 
production work now accounts for more 
than three quarters of everything ceramic 
AM bureaus make. The ratio of final parts to 
prototypes moved from 2.10x to 2.35x in 
a single year, and we see no reason for it to 
level off soon. This is the clearest evidence 

in the whole dataset that ceramic AM’s 
growth is now coming from customers 
using the technology to make things, rather 
than from customers investing in the tech -
nology itself.

Services is also the most concentrated 
segment by customer type. Where no ver-
tical takes more than 13.1% of hardware 
revenue, one takes over a quarter of ser-
vices revenue, and per-part pricing varies 
by roughly 70% between the highest and 
lowest sectors. EMEA accounts for 68.7% 
of the total, far ahead of its 45% share 
of hardware, on the strength of a bureau 
base that has no equivalent anywhere else, 
including Sinto ACE, Steinbach, Schunk, 
Ceramaret, Alumina Systems, CeramTec, 
Kyocera Fine Ceramics and WZR Ceramic 
Solutions.

Pricing is the interesting divergence. 
Hardware prices fell almost everywhere 
last year, yet average revenue per part 
barely moved, holding around $364. 
Bureaus are buying industrial capacity 
more cheaply than before and selling their 
output for much the same money, which is 
a comfortable position and a useful indica -
tor of where value in this market now sits: 
increasingly in the part, not the machine.

More access to hardware

In total, 680 systems shipped in 2025 
against the 689 we forecast, so the 
demand side of our model held. Revenue 
is where we had to revise, and the reason 
is price rather than volume. Two things 
pulled the average down. This edition tracks 
a group of manufacturers, most of them 
Chinese, that earlier editions missed, and 
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their systems sell for a fraction of what 
the vendors we already followed charge. 
Several established OEMs also had a slower 
commercial year than they had projected. 
Between them, those effects move the 
market-wide average selling price from 
around $149,000 in last year’s model to 
around $114,000, according to verified data.

Vat photopolymerization is still the heart 
of the segment, with 546 units and $54.8 
million, four-fifths of the units and sev -
en-tenths of the revenue. What has 
changed is the relationship between its 
two sub-technologies. Jetting occupies the 
opposite corner. Forty-two systems shipped 
in 2025, barely 6% of units, and they gen-
erated $14 million, or 18.1% of hardware 
revenue, at an implied ASP near $334,000. 
Binder jetting prices went up last year, one 
of very few upward moves anywhere in the 
dataset, and jetting is the only technology 
we expect to hold or improve its pricing 
through 2030. 

High industrial systems were 14.1% of units 
and 52% of revenue. Professional systems 
were 44.3% of units and 6.2% of revenue. 
Only DLP appears in all five tiers, and the 
highest per-unit value anywhere in the data 
belongs to a technology and tier combina -
tion almost nobody would guess.

The geographic breakdown shows that 
APAC-based manufacturers shipped 406 
systems, close to 60% of the global total, 
and booked 36.7% of revenue at an implied 
$70,000 a machine. EMEA shipped 169 
and booked 45%, at roughly $207,000. 
Companies like 3DCeram, Lithoz, Prodways, 
CONCR3DE and XJet sit at that premium 
end, while iLaser, Ten Dimensions and 

several other Chinese manufacturers build 
the volume. The industry’s manufactur -
ing base is moving east considerably faster 
than its revenue, with hardware volume 
globalizing while hardware value remains 
concentrated. This is another sign that the 
two halves of this market—buying machines 
and buying output— are starting to move at 
different speeds.

Two materials markets

Materials is the smallest of the three seg -
ments and the most instructive on pricing. 
It generated $33.1 million from roughly 
158.1 tonnes in 2025, and those two figures 
describe almost opposite markets. Powder 
is 79.3% of what ships by weight and 31.5% 
of revenue, at about $83 a kilogram. Slurry 
is 14.1% of weight and 58.5% of revenue, at 
about $871. Bound feedstocks fall between 
the two, near $318.

Silicon carbide is the clearest case. 93 
tonnes shipped in 2025, three quarters of all 
powder volume, for $4.6 million, which still 
leaves it the largest single material in the 
powder category. Its supply base is broaden-
ing beyond the hardware manufacturers as 
established industrial ceramics companies, 
Schunk through its ESK-SIC acquisition and 
Saint-Gobain among them, extend existing 
powder operations into AM, itself a sign that 
ceramic AM materials demand has grown 
large and steady enough to attract suppli -
ers whose primary business is supplying 
production industries, not additive manu -
facturing specifically. Across the market as 
a whole, though, alumina leads on revenue 
at around $5.1 million in slurry form, and the 
bioceramics used in implants and grafts, 
hydroxyapatite and tricalcium phosphate, 
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contributed a combined $3.9 million while 
growing in double digits.

A new competitive field

Ownership changed hands repeatedly 
over the past 18 months, and in a market 
this small a single transaction can move a 
ranking.

Sinto is the clearest case. The Japanese 
group took a majority stake in 3DCeram 
back in 2017 and acquired Bosch Advanced 
Ceramics late in 2025, with the business 
trading as Sinto Advanced Ceramics Europe 

GmbH since January. Combine 3DCeram’s 
hardware and materials revenue with Sinto 
ACE’s services revenue and the group 
becomes the largest single entity in ceramic 
AM across all three segments, the payoff 
on a vertical integration strategy spanning 
machines, materials, and parts produc -
tion together that took the better part of a 
decade to assemble and that positions Sinto 
to capture value regardless of whether a cus -
tomer is buying a machine or buying a part.

Binder jetting had a tougher time. Desktop 
Metal’s technical ceramics business, orig -
inally ExOne’s and lately held by Nano 
Dimension, went through Chapter 11 in 2025 

Hardware Materials Services

���

���

���

��

��

���

���

���

���

��

���

���

���

���

���
���

���
���

���
���

�

Total market revenues (USD M) by segment, 2024 vs. 2025

Source: VoxelMatters Research

10



and was relaunched under the Desktop Metal 
name by Arc Impact with a stronger ceram -
ics emphasis, while the ExOne sand operation 
ended up with Voxeljet. However, the jetting 
segment overall (binder jetting + material jet -
ting) is poised for significant growth in the 
medium-term future with new players enter -
ing the market. Besides CONCR3DE, which 
is now an increasingly consolidated real -
ity, Roland arrived in the segment with the 
PB-600 and PB-400. In the material jetting 
segment, XJet has relaunched following its 
own restructuring, and D3-AM and AMAREA 
Technology have brought significant new 
capabilities to ceramics AM.

Two developments we caught in time for this 
edition point the same way as the services 

data. Steinbach expanded its LCM fleet at 
the start of 2026 to seven machines and 
thirteen furnaces, expanding production 
capacity rather than experimenting with new 
equipment types, and Tethon 3D acquired 
the intellectual property of the dissolved 
3DFortify shortly before we went to press, 
pushing its materials platform toward RF and 
dielectric work.

What has happened since we published

The report closed on 2025 actuals and was 
published in March 2026. Nothing since has 
argued against the production thesis. In April, 
KLS Martin and Lithoz reported that a collabo -
ration running for more than twelve years had 
produced several hundred patient-specific 
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ceramic implants, which is about as con -
crete as evidence gets that ceramic AM has 
cleared qualification in a regulated field, real, 
repeated production, not a demonstration.

The summer brought more news. Sinto ACE 
Europe took ISO 9001:2015 certification, 
and Sinto ACE USA secured ITAR regis-
tration, opening regulated aerospace and 
defense work. ASTM’s additive manufac-
turing committee has proposed a design 
standard for ceramic AM, and NIST is devel-
oping viscosity metrology for ceramic 
slurries. XJet is due to launch XPARTS, its 
ceramic and metal part production service, 
in September, putting another hardware 
manufacturer on the services side of the 
market. Standards work, and quality certifi -
cations rarely make headlines, but they are 
exactly what a market builds once its cus -
tomers have started buying parts rather 
than experiments: the regulatory and quality 
infrastructure that a niche technology does 
not need and a maturing manufacturing 
market cannot do without.

The next five years

We forecast $635 million by 2030, a CAGR 
of +27.8%, with services at $300 million 
(+31.7%), hardware at $235 million (+24.8%), 
and materials at $99.5 million (+24.6%). 
That gives a 2030 split of roughly 47% ser-
vices, 37% hardware, and 16% materials, 
with services overtaking hardware as the 
largest of the three. For every dollar spent 
on hardware in 2030, we expect about 
$1.28 of services revenue, against roughly 
$0.85 in last year’s edition, which is prob -
ably the most useful single way to express 
the shift: from a market where hardware 
investment led and production followed to 

one where production is pulling ahead of the 
equipment that enables it. Regionally, EMEA 
reaches $385 million, APAC $164 million, and 
North America $86 million, with APAC grow -
ing fastest.

This is a lower-revenue path than we pub -
lished a year ago and a healthier one. A market 
with more machines running at lower capi -
tal cost, more parts sold at stable prices and 
a wider supplier base is a harder place to be a 
hardware vendor built around premium pric -
ing and a considerably better one for anybody 
trying to get ceramic components into pro -
duction, which is the clearest sign yet that 
ceramic AM is coming out of its niche and 
settling into its identity as a manufacturing 
technology.

The full report covers 142 companies across 
hardware, materials, and services, with more 
than 18,000 data points and over 70 charts 
and tables. It includes revenue and unit fore -
casts through 2030, segment and regional 
breakdowns, and profiles of the leading com -
panies in the market.
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Studio RAP, 
bringing Dutch 
ceramics into 
the future
Rotterdam-based design studio specializes in large-
scale installations of 3D printed ceramic tiles.

Case Study
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Primarily known for canals, tulips, and 
gouda, the Netherlands also has a rich his-
tory in ceramics dating back to the 17th 
century. Made largely in the city of Delft, 
traditional Dutch ceramics—known as 
Delftware—are characterized by their blue 
and white illustrations and can be found 
across the world in the form of tiles, plates, 
vases, souvenir clogs, and more. Today, 
while traditional Delftware continues to 
be produced, there are also new ceramic 
makers that have emerged, who are drawing 
from this history as they create the ceram -
ics of the future.

Among them is Studio RAP, a Rotterdam-
based design studio that specializes in 3D 
printed ceramic architecture. Founded just 
over a decade ago, the studio has created 
its own bespoke 3D printing technology 
which it has put to work over the years on 
a number of impressive projects, both in 
the Netherlands and abroad. We’ve covered 
a number of these projects in recent years 
and, for the occasion of our Ceramic AM 
focus, want to compile some of our favorite 
3D printed façades from Studio RAP.

Robotic 3D printing and 
algorithmic design

Before we dive into these projects, let’s take 
a quick look at the design studio’s process. 
Instead of the traditional process of cut -
ting, drying, glazing, and firing ceramic tiles, 
Studio RAP uses an extrusion clay 3D printer 
mounted on a Kuka robotic arm to print tiles 
based on a digital design. This approach 
enables Studio RAP to produce more com-
plex geometries, including unique tile 
shapes that can be assembled into a façade 
with custom textures and curves. 

To achieve these intricate structures, Studio 
RAP has also developed a special parametric 
design algorithm that generates individ -
ual tile designs based on user input for the 
project in question. These designs are not 
only aesthetic, they can also include inte -
grated features to facilitate assembly. Once 
printed, the ceramic tiles undergo artisanal 
glazing processes (the glazes it uses are 
developed in house) and are then fired in a 
kiln, like traditional ceramic products. The 
resulting tiles are TCKI-certified for outdoor 
and indoor use. 

New Delft Blue

The first project that put Studio RAP onto 
our radar back in 2020 was New Delft Blue, 
a 3D printed passageway arch installed in 
the PoortMeesters residential block in the 
city of Delft. According to the design firm: 
the architectural design “reinterprets the 
decorative qualities and design vocabulary 
of Delft Blue porcelain, combining 3D clay 
printing, computational design, and artis -
anal glazing into a contemporary form of 
ceramic ornamentation.”

The project consisted of two archways, each 
spanning four meters in width, eight meters 
in height, and 12 meters in length. This 
required in the range of 3,000 3D printed 
tiles, each with a unique design. In design-
ing the tiles, Studio RAP was inspired by 
traditional Delftware plates, which often 
represent a natural, idyllic scene surrounded 
by a decorative frame. In their reimagin -
ing, the tiled passageway functions as the 
frame—integrating the decoration in texture 
and color rather than pictorially—and the 
inner courtyard serves as the idyllic scene 
within. 
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The palette of the glaze, a combination of a 
rich blue and contrasting pale blue, is also 
evocative of traditional Delftware. As the 
firm stated: “The deep blue connects to 
Delft Blue porcelain and the surrounding 
canals, and contrasts with the earth-toned 
brickwork of the building.” 
The Ceramic House

If you’ve been shopping on the luxurious P.C. 
Hooftstraat in Amsterdam in the last few 
years, you may have noticed a building with 
a custom tiled façade that is slightly more 
three-dimensional than its neighbours. This 

project, dubbed the Ceramic House, was 
realized by Studio RAP and marks a subtle 
reimagining of Amsterdam’s renowned archi -
tectural style. 

Made up of a series of bespoke tiles, the 
architectural façade maintains certain tra -
ditional elements, like the original building’s 
silhouette, as well as the scale and color of 
the historic brick buildings on the street. 
Where it differs is in the texture and three-di -
mensional structure of the wall, which 
integrates textile-inspired patterns like 
stitches and interlooping yarns. In terms of 

Studio RAP produces ceramic tiles using a extrusion clay 
3D printer mounted on a Kuka robotic arm. Image: Studio RAP
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color, the Ceramic House features distinct 
glazes: on the street level, large 3D printed 
tiles (40 x 20 cm) are pearly white, while the 
upper floors feature 3D printed tiles glazed 
in classic brick-red hues. According to the 
design studio, these bricks “sit in laser-cut 
stainless steel cassettes” that are reminis -
cent of traditional grout.

Powerwall

In 2026, Studio RAP worked on a decorative 
project for a Switchstation in the Dutch city 
of Beverwijk: a custom façade comprising 
322 unique tiles. The tiles, which have been 
assembled on the outer wall of a high-volt -
age transformer station, are based on a 
design that translates the electromagnetic 
humming of the site into a 3D texture. 

The ceramic artwork measures eight by five 
meters and was made in collaboration with 
architecture firm Powerhouse Company, 
which designed the power station build -
ing. The curved lines of the relief give the 
effect of energy flowing and the translu -
cent turquoise glaze catches light differently 
throughout the day, making the static sur -
face seem like it’s moving. “By combining 
algorithmic design, 3D clay printing, and arti -
sanal glazing, Powerwall transforms a piece 
of essential infrastructure into a work of 
architectural innovation, redefining its iden -
tity and providing a lasting contribution to 
the surrounding neighborhood.” Studio RAP 
said.  

Blue Voyage

Studio RAP has also worked on projects 
outside of its home country. Last year, for 
instance, the Dutch architectural studio was 

commissioned by Dubai Holding Real Estate 
to create a pair of 3D printed ceramic walls 
for the lobby of the Jumeirah Marsa Al Arab 
hotel in Dubai. This project, called Blue Voyage, 
draws inspiration from the color and motion of 
the Persian Gulf, visible from the hotel. 

The two walls, which are arranged by the 
entrance to create a pathway for hotel guests, 
are made up of 900 ceramic tiles. Each tile has 
a unique parametrically generated design that, 
when assembled, creates an elegant, wavy 
pattern that spans nine meters in length and 
six meters in height.  

“The curved forms recall the movement of 
waves, while the surface patterns grow more 
intricate up close, revealing flowing lines and 
layered ridges that interact with light and 
shadow through the day,” Studio RAP wrote. 
“Large, specially designed corner tiles wrap 
the pattern around the edges, reinforcing the 
sculptural character and spatial clarity of the 
installation.”

More on the horizon

These are just the projects that Studio RAP 
has completed: the design studio also has 
many more projects in the works. In the past 
year or so, it has won tenders for a range of 
public, commercial, and residential projects, 
including De Touwdraaier, a 47-unit residen-
tial building in Vlissingen that will be adorned 
with a façade of 3D printed ceramic rope orna -
ments as a nod to the city’s rope industry; a 
3D printed ceramic plinth and public passage 
for SCALA, a landmark in Amsterdam’s finan-
cial district; a passageway and columns for the 
Ginkgo student housing project in Utrecht; and 
De Herwaert, a public pedestrian passage in 
Rotterdam.

26





Frank Reinauer, Senior Director Division Implants 
at KLS Martin traces the company’s path from 
early resin prototyping to a DICOM-based surgical 
planning platform and a double-digit growth 
ceramic implant line.

KLS Martin and 
Lithoz producing 
hundreds of 
patient-specific 
ceramic implants

Interview
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The origin story of KLS Martin’s ceramic 
additive manufacturing program begins 
in a Viennese pizzeria. It was there, over 
12 years ago, that Frank Reinauer, Senior 
Director Division Implants at KLS Martin, 
and Johannes Homa, Co-founder and CEO of 
Lithoz, first mapped out the idea of apply -
ing 3D printing to medical applications. By 
that point, Reinauer had already been at KLS 
Martin for several years, having entered the 
company as a mechanical engineer respon-
sible for resorbable materials and storage 
systems for instruments and implants.

But the company’s AM program began even 
earlier. The initial goal was to work on verifi -
cation. Surgeons needed something tangible 
to plan and discuss complex procedures, 
and resin models produced on KLS Martin’s 
first polymer system—acquired in the early 
2000s—gave them exactly that. “The sur -
geon likes to have something in their hand,” 
Reinauer said. “There’s nothing that you can 
measure like an engineer with a caliper.”

That hands-on utility established an early 
foothold, and the team’s thinking quickly 
moved beyond models. If 3D printed geom -
etry could verify an implant’s fit against a 
patient’s anatomy, Reinauer reasoned, it 
might also serve as the production method 
itself.

Titanium, ceramics, and 
regulatory patience

KLS Martin acquired its first titanium 
machine in 2007, at a time when additive 
manufacturing was still largely associated 
with rapid prototyping rather than regu -
lated medical production. Validation alone 
consumed years before the machine could 

be used for clinical output—an experience 
Reinauer credited with giving KLS Martin a 
high tolerance for lengthy technology adop -
tion cycles. “Due to that experience, we are 
not scared about implementing a new tech -
nology,” he said.

The ceramic chapter opened through the 
same collaboration with TU Wien that had 
shaped KLS Martin’s earlier polymer work. 
Reinauer and Homa chose beta-tricalcium 
phosphate (TCP), a Class III medical device 
material (the highest regulatory classifica -
tion), as their first ceramic target. Clearing 
that classification with the notified body 
required roughly two years of documentation, 
animal testing, and process validation, even 
with substantial prior quality paperwork in 
place. “The quality of the auditors is increas -
ing because they learn,” Reinauer noted, 
recalling that regulators examining ceramic 
additive manufacturing processes seven 
or eight years ago had almost no reference 
framework for what they were reviewing.

Ceramics carry specific properties that make 
them clinically attractive beyond biocompat -
ibility alone. Their low thermal conductivity 
means patients do not experience the cold 
sensitivity associated with metal implants—a 
quality-of-life consideration Reinauer high -
lighted directly: “If you have implants here 
and you go out into the cold in the winter, it 
hurts. You could feel the cold.” For pediatric 
patients, the issue compounds further, as a 
non-resorbable device implanted in a growing 
child will eventually need to be addressed as 
the patient grows. Resorbable ceramics side -
step both problems: the material dissolves 
as bone regrows along its guide structures, 
eliminating the need for a second surgery to 
remove the implant.
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Homa offered a direct rationale for ceram -
ics’ biological compatibility: “If you look into 
nature, there is no plastic in nature. There are 
no metals—just precious metals, gold and 
silver. All metals are usually oxides. Ceramics 
are abundant. That’s my explanation always 
for why the body prefers ceramic: it’s a natu -
ral material.”

The material comparison across KLS Martin’s 
three lines, comprising resorbable polymers 
such as PDLA, titanium with lattice struc -
tures designed for osseointegration, and 
beta-TCP ceramic scaffolds, also revealed 

clinically distinct roles rather than a simple 
hierarchy. Beta-TCP resorbs as bone remod-
els around and through it, making it suitable 
for gap-filling in areas where the goal is to 
restore natural bone rather than provide per -
manent load-bearing support. For indications 
requiring both, KLS Martin developed a hybrid 
construct: a ceramic scaffold handles the 
regenerative portion while a titanium com -
ponent carries structural load. For the most 
acute trauma cases, where stabilization 
takes priority over biology, titanium remains 
the appropriate choice.

A 3D printed ulnar wedge implant 
made from LithaBone HA Image: KLS Martin / Lithoz
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Reinauer walked through the clinical 
pathway that led KLS Martin into ceram -
ics. The company’s entry indication was 
mandibular correction, specifically gap-fill -
ing in patients undergoing osteotomy to 
address sleep apnea by repositioning the 
jaw. Surgeons splitting and advancing the 
mandible can create bone gaps that, with -
out intervention, require harvesting bone 
from a secondary donor site, typically the 
hip. “Most of these indications end up with 
the patients suffering much more with the 
harvesting area,” Reinauer said, making 
the ceramic scaffold a meaningful clinical 
alternative. From that starting point, KLS 
Martin expanded coverage to the orbital 
region, forearm, and upper extremities, 
with ongoing work in trauma applications. 
The company remains focused on cranio -
maxillofacial implants.

LithaBone HA 480 and 
production at scale

KLS Martin’s ceramic implants have been 
produced on Lithoz CeraFab printers since 
2015. The relationship between the two 
companies shaped the development of 
Lithoz’s latest material, LithaBone HA 480, 
a hydroxyapatite formulation developed 
in direct response to feedback from KLS 
Martin and other clinical users of earlier 
bone substitute materials.

LithaBone HA 480 addresses several practi-
cal limitations of its predecessor. Maximum 
wall thickness increased to 10 mm, 
expanding the range of geometries viable 
for clinical use. The material also exhibits 
reduced overpolymerization and improved 
depth of cure, simplifying build parameter 
selection and stabilizing the manufacturing 

process. Other benefits include a shelf 
life extended tenfold, and part cleaning 
improved through a revised binder compo -
sition. Adem Aksu, Director of Development 
for Biomaterials at KLS Martin, described the 
results as a substantial step forward: “From 
mechanical properties over higher wall thick -
ness to size and lattice structures, LithaBone 
HA 480 has convinced us of a considerable 
improvement compared to its predecessor.”

Production runs entirely in-house at KLS 
Martin, inside a Class 7 clean room that the 
company developed after identifying process 
sensitivity issues with an earlier standard 
setup. Material enters the clean room; the 
finished, sterilized, packaged implant exits. 
The ceramic line, described by Reinauer as 
KLS Martin’s “youngest child,” had already 
produced many hundreds of units and was 
growing at double-digit rates—a pace he 
said held even through recent economic 
disruptions.

LithaBone HA 480 offers increased wall 
thickness and superior depth of cure

Image: KLS Martin / Lithoz
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The next scale challenge: 
regulatory acceptance

For KLS Martin, like many AM pioneers, the 
primary growth constraint was financial. 
European healthcare reimbursement struc -
tures have struggled to reflect the true cost 
of patient-specific ceramic implants, which 
require virtual surgical planning, material 
qualification, sintering, sterilization, and 
packaging before a single unit ships. Reinauer 
drew a pointed comparison: “No one thinks 
about spending an extra €800 for the glass 
top when ordering the next car. But if you 
lose a part of your head and I offer you the 

same, €1,800 is considered too much.”
On the materials development frontier, KLS 
Martin and Lithoz were exploring surface 
activation techniques to improve cellular 
recruitment into large ceramic scaffolds—a 
biological ceiling that constrains implant size 
as much as machine-built volume does. “Our 
mother nature is really clever,” Reinauer said. 
“If they realize that there is no need because 
everything works well, they do not invest any 
energy in growing in that field.” The goal is 
to develop surface treatments that actively 
signal to cells to proliferate into the scaf -
fold’s pore structure rather than waiting for 
mechanical cues.

Frank Reinauer 
Senior Director Division Implants, KLS Martin

“No one thinks about 
spending an extra €800 
for the glass top when or-
dering the next car. But 
if you lose a part of your 
head and I offer you the 
same, €1,800 is con-
sidered too much.”  
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Reinauer also addressed PEEK composite 
materials in passing, noting a structural lim -
itation in additive approaches: FFF extrusion 
coats bioactive particles within the extruded 
rod, effectively sealing them from cellu -
lar access. Milling opens the surface and 
exposes those particles, a distinction that, in 
his view, currently limits the clinical utility of 
additively manufactured PEEK-ceramic com -
posites compared to machined equivalents.

To manage the end-to-end workflow from 
imaging data to finished implant, KLS 
Martin built a surgeon-facing digital plat -
form. Clinicians upload DICOM scan data, 

KLS Martin engineers review it and produce 
an initial virtual surgical plan, and an itera -
tive review process follows, with case status 
visible to the surgeon throughout. “It’s like a 
Facebook for surgeons if they have a need 
for such a kind of indication,” Reinauer said. 
The platform currently covers CMF and upper 
extremity indications, with the company 
expanding its trauma offering.

3D printed dental implant made 
from LithaBone HA480 Image: KLS Martin / Lithoz
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A selection of recent innovations and 
use cases in the ceramic AM sphere that 
illustrate what the technology is capable of 
and where it is headed. 
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At VoxelMatters, we weekly—and often 
daily—cover the latest news from the 
ceramic AM subsegment. Whether it’s a 
newly disclosed use case, a research break-
through, or progress being made to further 
industrialize the technology, this news is 
vital to understanding the state of ceramic 
AM and its future path. With this in mind, we 
have selected a handful of recent stories that 
showcase the recent evolution of ceramic 
additive manufacturing. 

A 3D printed laser protector for 
semiconductor manufacturing

In semiconductor manufacturing work -
flows, keeping sensitive instruments like 
optical systems protected from contam -
ination is critical. Typically, this includes 
implementing one or a combination of pro -
cesses, including air purging, extraction 
systems, or vacuum solutions. While these 
are effective at preventing contamination, 
they also add complexity to the production 
process in the form of more components 
and greater assembly requirements. Notably, 
these methods also take up valuable real 
estate in semiconductor manufacturing 
facilities, which are often limited in space. 
To address this challenge, Sinto Advanced 
Ceramics Europe GmbH (formerly Bosch 
Advanced Ceramics) developed a 3D printed 
multi-functional protector cap for laser optic 
systems.

The protective cap is a compact solution that 
semiconductor manufacturers can integrate 
into their production processes to keep laser 
optics, inspection systems, and optical mea -
surement tools free from particles that could 
impact the performance, precision, and sta -
bility of the optical systems.

In developing the part, Sinto Advanced 
Ceramics Europe combined multiple func -
tionalities into a single structure using the 
design freedom of ceramic SLA 3D printing. 
Specifically, the part features both a physical 
protective function (i.e. the cap structure) as 
well as integrated vacuum guidance chan -
nels that remove particles from around the 
optical system in question. As the company 
explains: “Rather than merely shielding the 
optics from external influences, it actively 
contributes to maintaining a clean environ -
ment around the laser optics.” Mounting and 
fastening features are also directly inte -
grated into the design.

The 3D printed component has additional 
benefits beyond the optimized consolidated 
design: it is made from Yttrium-stabilized 
zirconia, a technical ceramic whose material 
properties are conducive to a clean produc -
tion environment. That is, contaminating 
particles can often come from the pro -
duction equipment itself, as it experiences 
wear and friction. Technical ceramics like 
Yttrium-stabilized zirconia, which offer a 
combination of exceptional strength, frac -
ture toughness, and chemical and wear 
resistance, are therefore increasingly sought 
after for applications that require tight parti -
cle control.

Overall, the laser optic protector cap demon -
strates Sinto Advanced Ceramics’ ability to 
achieve several key things. For one, it shows 
how AM design allows manufacturers to 
prioritize functional performance rather 
than compliance with conventional pro -
duction limitations. As the company says: 
“the geometry is defined by performance 
requirements, not by tooling constraints or 
machining directions.” For another, the part 
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consolidates what would have been multi -
ple different systems into a single compact 
structure, addressing the limited space most 
semiconductor manufacturers are working 
with. Importantly, the nature of the ceramic 
AM process means that the protector cap 
can undergo design changes and be modi-
fied to fit various optical systems without the 
need for costly tooling or long lead times.

Developing a viscosity metrology 
standard for ceramic AM

When Sir Isaac Newton came up with his 
law of viscosity—which states that a liquid’s 
thickness remains consistent even when 
subjected to movement or force—he was 
not talking about ceramic slurries. These 
non-Newtonian fluids have changing viscosi -
ties, a fact that introduces certain challenges 
for ceramic AM users, particularly when 
it comes to consistency and establishing 
standards.

To address these challenges, a team of 
researchers from the U.S.’ National Institute 
of Standards and Technology (NIST) is work-
ing towards establishing standardized 
measurement procedures for characterizing 
ceramic AM feedstocks. This work is focused 
on measuring the viscosity of ceramic slur -
ries used in direct ink writing (DIW) and vat 
photopolymerization (SLA, DLP), which are 
UV curable resins loaded with technical 
ceramic particles.

“Understanding how the slurry flows is key 
to getting a good final result for both of these 
methods,” explained NIST materials scien-
tist Russell Maier. “Sometimes you want the 
slurry to flow easily, and other times you 
want it to keep its shape.”

At the core of the research is the develop -
ment of a ceramic AM reference material. 
The NIST researchers have created a ref-
erence material consisting of zirconia 
particles suspended in a liquid polymer 
matrix. Instead of using water in the slurry, 
the team has opted to use polyethylene 
glycol, a synthetic polyether compound 
with many applications in healthcare and 
cosmetics (such as lip balm), which won’t 
evaporate and dry out the slurry sample.

The ceramic slurry sample is notable for its 
ability to deliver consistent measurements 
using a rheometer. In ceramic AM, rheom-
eters are used to check the quality of raw 
materials and characterize their behaviors 
before printing. However, it is often diffi -
cult to get a precise, reliable measurement 
with 3D printing ceramic slurries due to the 
changing nature of the material, and the 
slipperiness of some slurries, which can 
affect readings.

3D printed ceramic laser optic protector 
for semiconductor manufacturing

Image: Sinto Advanced Ceramics
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Not only does the reference material devel -
oped by NIST use a non-evaporating liquid, 
it also comes with instructions on how to 
“reset” its viscosity: it can be twisted rap -
idly to decrease its thickness and then left 
to relax completely, which will get it back to 
its most viscous state and mean it’s ready to 
measure. Having the reference material will 
enable ceramic AM scientists to compare 
their own rheometer results to the NIST stan -
dard for greater material consistency.

In the next stage of the research, Maier and 
his team will be sending samples of the refer -
ence ceramic slurry to research labs all over 
the country—specifically to 20 laboratories 
including in industry, academia, and national 
laboratories—which will conduct their own 
viscosity tests and compare their results. If 
the results are consistent across the board, 
the work will progress towards establishing 
the zirconia material as a standardized refer -
ence material.

A fivefold power-to-weight gain in 
lightweight hydrogen engines

Researchers at the Technical University 
of Denmark’s Department of Energy 
Conversion and Storage (DTU Energy) 
have demonstrated a new architectural 
approach to solid oxide fuel cell (SOFC) 
design, producing monolithic ceramic fuel 
cells with nature-inspired gyroid geome -
tries that deliver power-to-weight ratios 
approximately five times higher than those 
of conventional planar SOFC architectures.

The research team, led by Professor 
Vincenzo Esposito, printed single three-di -
mensional fuel cell structures using Lithoz 
yttria-stabilized zirconia (8YSZ) on a Lithoz 
CeraFab system via lithography-based 
ceramic manufacturing (LCM). The resulting 
devices achieved power-to-weight ratios 
approaching around 1 W g-1 at the device 
level, compared to around 0.2 W g-1 typical 
of conventional planar configurations. 

The monolithic gyroid design removes 
the interconnects and sealants that are 
standard components in stacked planar 
SOFC architectures, reducing weight, low-
ering thermal mismatch, and decreasing 
mechanical stress while improving volu -
metric utilization.

“Our motto ‘Escaping Flatland’ sounds like 
a logical step, but it has long been impossi -
ble to achieve,” said Esposito, Professor at 
DTU Energy. “The particular arrangement 
of materials and microstructures requires 
a significantly elevated level of complexity, 
but until recently, we simply lacked the tool 
to make this concept a reality.”

NIST researchers developing standard 
for characterizing ceramic slurries

Image: NIST
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Johannes Homa, Chief Executive Officer at 
Lithoz, stated: “By realizing 8YSZ monolithic 
fuel cells with intricate gyroid geometries 
on their Lithoz CeraFab printer, DTU was able 
to reduce the dependence on conventional 
interconnect and sealing architectures inher -
ent to stacked flat items. These elements 
have traditionally been the Achilles heel in 
the search for better power density in com -
mercial planar SOFC stacks and, therefore, 
the traditional focus of attention in the quest 
for a more advantageous power-to-weight 
ratio. 

“With their revolutionary monolithic con -
cept, these elements eliminate the need to 

gradually optimize exit points, paving the 
way for a complete rethinking of fuel cell 
design. Of course, we are extremely excited 
about the impact this will have on the world -
wide hydrogen-based industry.” Professor 
Esposito’s team now plans to scale the proj -
ect to an industrial level.

3D printing continuous carbon fiber-
reinforced silicon carbide composites

Researchers at the University of Birmingham 
have developed a 3D printing method capable 
of producing geometrically complex ceramic 
matrix composites (CMCs) reinforced with 
continuous carbon fibers, a material class 

3D printed monolithic ceramic solid oxide fuel cell 
(SOFC) demonstrates superior power-to-weight ratios. Image: DTU Energyvia Lithoz
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long considered difficult and costly to manu -
facture through conventional means.

The study, authored by Daorong Ye and 
Jon Binner of the university’s School of 
Metallurgy and Materials and published in 
npj Advanced Manufacturing, focused on 
continuous carbon fiber-reinforced silicon 
carbide (Cf-SiC) CMCs. These materials can 
withstand highly corrosive environments 
and extreme temperatures, making them 
well-suited to aerospace, nuclear, and auto -
motive applications. Traditional fabrication 
routes, however, have been constrained by 
high costs, limited flexibility in fiber place -
ment, and a susceptibility to manufacturing 
and machining-induced defects that restrict 
geometric freedom.

The Birmingham method embeds continu -
ous carbon fibers simultaneously with the 
deposition of a SiC-based matrix during the 
printing process. Once printed, the green 
bodies undergo polymer burnout before 
being sintered into finished CMCs. Critically, 
the approach also allows for variable 
fiber-reinforcing structures within a single 
part—a capability that conventional manu -
facturing routes cannot readily offer.

For the AM industry, the significance lies in 
what 3D printing enables that traditional 
methods cannot: near-net-shape produc -
tion of geometrically complex CMC parts, 
with the ability to tailor fiber orientation 
layer by layer. That degree of control over 
directional mechanical properties has 

3D printed component made from a carbon fiber-
reinforced silicone carbide composite. Image: University of Birmingham
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direct relevance for components operating 
under demanding thermal and structural 
loads.

SiC-based CMCs are already established in 
aerospace and nuclear sectors for their abil -
ity to maintain mechanical integrity under 
extreme conditions. A printing-based route 
to producing these composites with contin -
uous fiber reinforcement—rather than the 
short-fiber or particulate reinforcements 
typical of additive approaches—represents 
a meaningful step toward expanding the 
design and production options available to 
engineers working with this material class.

ASTM proposes standard 
for ceramic AM design

ASTM International’s additive manufactur -
ing technologies committee has proposed 
a standard for guiding the design process 
for ceramic AM with the aim of minimizing 
common challenges that can occur with 3D 
printed ceramic parts, such as unpredict -
able shrinkage and embrittlement.

The guide, which is currently a work item 
designated as WK84355, is intended to be 
used by product planners and designers that 
are 3D printing ceramic components. As 
the ASTM committee says: “It provides the 
necessary basic knowledge about ceramic 
parts and the special possibilities of additive 
manufacturing of ceramics. Therefore, more 
in-depth previous knowledge in these areas 
is not assumed.”

Technical ceramic AM materials offer 
certain characteristics that exceed 
the capabilities of metal and polymer 
AM, including superior hardness, heat 

resistance, chemical inertness, and insulat -
ing properties. Because ceramic 3D printing 
results in a green part, however, sintering 
is a necessary post process that intro -
duces factors like shrinkage. Shrinkage in 
the sintering stage can be challenging to 
control, however it can be accounted for 
in the design process. Or, at the very least, 
the risks associated with shrinkage, such 
as embrittlement, can be mitigated in the 
design stage.

As ASTM member Brandon Cox, the tech-
nical contact for the work item, explained: 
“Ceramics are known to be useful for 
their strength, heat resistance, hardness, 
chemical inertness and electrical insu -
lation properties, while also being brittle 
and undergoing shrinkage during the final 
sintering process. This guide could help cus-
tomers and regulators evaluate whether AM 
ceramic parts were designed properly based 
on related technical needs.”

The ceramic AM standard has been pro-
posed by the ASTM Committee F42 on 
Additive Manufacturing Technologies, which 
itself was formed in 2009 and currently 
comprises over 775 members. As a “work 
item” the ceramic AM standard is still in 
development.

43



Cover

Page 6.

Page 14.

Page 17.

Page 18.

Page 19.

Page 20.

Page 21.

Page 22.

Page 23.

Page 24.

Page 25.

Page 28.

Page 31.

Page 32.

Page 34.

Page 36.

Page 39.

Page 40.

Page 41.

Page 42.

© Lithoz

© 3DCeram

© Studio RAP

© Studio RAP

© Studio RAP

© Studio RAP

© Studio RAP

© Studio RAP

© Studio RAP

© Studio RAP

© Studio RAP

© Studio RAP

© KLS Martin / Lithoz

© KLS Martin / Lithoz

© KLS Martin / Lithoz

© KLS Martin / Lithoz

© Sinto Advanced Ceramics Europe GmbH

© Sinto Advanced Ceramics

© NIST

© DTU Energy via Lithoz

© University of Birmingham

Image Credits



Disclaimer

© 2026 VoxelMatters Ltd. All Rights Reserved.

This document and its contents are the property of VoxelMatters. No reproduction, 
copy or transmission in whole or in part is allowed without our written permission.

Copyrighted images herein are used for editorial purposes. Image rights remain with 
the original copyright holder.

The content published in this eBook is partially based on assumptions, estimates 
and public information. Whilst every effort has been made to ensure that the 
content is accurate, we accept no responsibility for any errors or omissions.

This document is for information purposes only. Readers should seek professional 
advice before acting on any statement made in this publication and we will not 
be held liable for any consequences or damages resulting from the use of any 
information published.




