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Introduction
Steno injection is a new glue injection technology
developed by Jiří Bém, a student of the University
of Applied Sciences Potsdam (figure 1). Bém chose
this area of research for his bachelor’s and master’s thesis. The theses address a phenomenon
that is quite common in the field of conservation.
Furniture and other complex wooden objects can
consist of a large number of parts assembled with
glue. Over time, these glue joints can be damaged, and it is the conservator’s task to restore the
bond between the different parts. Inserting fresh
glue into the joints is often problematic. In cases
where it is impossible to dismount the unstable
parts, glue is injected in the joints with a syringe
and needle. Difficult areas for gluing, for example
areas under detached veneer or in loose construction joints, can solely be reached through injection
via cuts or drill holes. In the field of conservation
plastic laboratory syringes are generally used for
this procedure (figure 2). These syringes, however,

offer a very low working pressure (2 to 4 bar) and
therefore require either low-viscous glue or thicker
needles, resulting in larger and hence more visible
drill holes. If a sufficient amount of glue with the
desired viscosity is injected by hand, cannulas with
an exterior diameter of over 1 mm are required.
Drill holes of this size have a visible impact on the
original structure. Therefore, the injection procedure is considered controversial, especially in
visible areas. It is only used in case other methods
risk even more damage. Construction joints in
less accessible areas, for example the centre of an
object, can only be accessed with hand injection by
using very thick needles (Ø 2 mm). Even if the joint
can actually be reached, in many cases the pressure is too low to inject the glue into the joint fast
enough, resulting in untimely gelation of the glue.
Steno injection addresses this problem, as it
has been developed to perform injection tasks
with significantly thinner cannulas. Cannulas of
0.3 mm outside diameter are used to inject sufficient amounts of glue as well as putty (figure
3).Porous woods have a pore size of 200 to 400

Figure 1 Steno injection at work.

Figure 3 Injection with a cannula of 0.3 mm outside diameter.
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Figure 2 A plastic laboratory syringe.
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Figure 4 Injection hole of 0.3 mm diameter in a walnut
marquetry piece.
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Figure 5 Drilling of an injection hole.

μm. Therefore, from a conservation point of view,
a small hole drilled into a wood pore can be argued
acceptable (figure 4). This means that steno injection can be used in places where previously injection was not deliberated. Another advantage is
that the objects don’t have to be disassembled;
they can simply be injected with glue in their
assembled condition.
Injection hole
The injection hole is made using a small drill with a
spring wire clamped to it (figure 5). It is sufficient
to cut the wire at the tip with a side cutter at approximately 45°. In order for the hole to have an exact
diameter, the cutting burr must be removed. Spring
wires allow to drill very deep holes without significant deviation from the intended line. A Ø 0.5 mm
wire drill can drill easily 10 cm deep into the wood.
Injection
Glue is injected into the hole through a precisely
fitting cannula. The smaller the diameter of the
needle, the more force is required for injection.
The difference in pressure requirement is very high.
While 5 bar would suffice for an injection through
a thick cannula (outside Ø >1 mm), a few hundred
bar is required for the same task with a thin cannula
(outside Ø <0.5 mm).
The inner surface of the Ø 0.3 mm cannula is forty
times smaller than that of a Ø 1.2 mm cannula (figure 6), resulting in fewer loss of material.
Steno injection uses high pressure to transport the
glue through the needles. This pressure decreases
continuously from the top to the end of the cannula.
After the glue leaves the cannula, the pressure value
is kept constant, which is essential for pushing the
fluid into the cavity. As long as the glue spreads, the
pressure cannot increase.

Figure 6 Comparison of cannulas.

Injection parameters
Injection is characterized by five parameters.
• Injection pressure.
• Viscosity of the glue.
• Speed of injection.
• Inner diameter of the cannula.
• Length of the cannula.
The working pressure defines the possibilities of
injection. Figure 7 shows the difference between
hand injection and steno injection.
Steno injection device
A portable device has been developed for steno
injection (figure 8). The device is independent of
mains power. It has a sturdy base, a telescopic stand
with carrying handle and a hinged injection head,
which is connected to the device by a hydraulic
hose. The device is operated with a foot pedal. It is
also possible to set the temperature for the use of
warm glue (figure 9).

Figure 7 The difference between hand injection and steno injection.

Figure 10 Cordless screwdriver in the base of the device.

Figure 9 The injection device.

Injection head
Mounted on the injection head is a luer lock cartridge filled with injection material, for example
glue (figure 11). The injection material can be
heated by an electric heater, which is part of the
stand. The cartridge system ensures maximum flexibility and cleanliness while working. The injection
head consists of the following stainless-steel parts,
which ensure easy use and cleaning (figure 12):
• A cylinder in which the hydraulic piston and
pumping mandrel are positioned.

Steno injection

Figure 8 Steno injection device.

A powerful cordless screwdriver drives the device
(figure 10). The force of the screwdriver is transmitted to the injection head by means of a hydraulic
system. The hydraulic system operates at a standard
pressure of about 100 bar. A major transformation
takes place in the injection head causing the glue
to be injected with high pressure (around 700 bar).
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Figure 11 Injection head.
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Figure 12 Injection tip.

• A suction chamber to which the cartridge is
connected.
• A pressure chamber into which the pump
mandrel moves to push the glue through the
cannula.
• A cannula connection.
Medical needles are used with their plastic cover
removed. The cannulas are pushed through a
hard rubber seal, which simultaneously acts as a
chuck in the injection head.
What can be injected?
Until recently, mainly animal glue has been used
for steno injection. Hide glue can be injected
through a Ø 0.3 mm cannula up to 45% concentration (figure 13). Spores of lycopodium can be
injected as fillers through a Ø 0.3 mm cannula, or
alternatively phenolic resin micro-balloons can be
injected through a Ø 0.5 mm cannula. It is possible to inject materials that are not too viscous
and which don’t contain abrasive or large solid
particles and contain no solvents that would damage the gaskets or cartridges (like acetone). Chalk,
gypsum or pumice powder cannot be injected due
to their sanding effect.
Consolidation of a detailed marquetry on a table
top with steno injection
On commission of the company Akanthus
Restaurierungen GmbH, a nineteenth-century
table was conserved (figure 14). The table top is
decorated with very detailed geometric walnut
and oak marquetry (figure 15). The marquetry is
divided into twenty-four zones and consists of 1-1.5
mm thin saw-cut veneer, which is glued on a finely
smoothened substrate. The pores of the wood on
the table top are filled, which is very rare with oak
wood. The lacquer layer is mostly well preserved.
The marquetry consists of over 2,000 small, accurately assembled pieces. Many parts of the marque-

Figure 13 Injection of 35% glue (G) into the joint.

Figure 14 Nineteenth-century table.

For drilling, a spring wire of Ø 0.2 mm was used.
This was squeezed flat at the tip to get a Ø 0.3 mm
bore, which should minimise iron abrasion on the
walls of the injection holes. The injection holes are

at the top of the taped arrows (figure 17). Warm
30% rabbit glue was injected through a cannula of
Ø 0.3 mm. This procedure was performed throughout the whole marquetry table top. After the injection the glue was wiped off and the surface was
covered with Hostaphan film and pressed with a
caul consisting of a Perspex plate, a rubber mat and
a piece of strong chipboard. The caul was heated
to 45 °C, placed on the surface and pressed with
metal clamps.

Figure 15 Detail of the marquetry table top.

Figure 17 Close-up view of the injection position.

try are detached from the substrate, possibly as a
result of fluctuations in relative humidity. Only a
few parts are lost. The drill hole positions were
marked with taped arrows, indicating also the glue
injection areas (figure 16).

Figure 16 Taped arrows indicate the drill hole positions.
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Consolidation of 60 m² parquet floor in situ
An important field of action for steno injection is
the conservation of historical floors. The following project in the memorial house of the Wannsee
Conference will illustrate how the steno injection on a floor takes place in situ. The floor is a
60 m² veneered parquet floor in oak and walnut
with square panels, diagonally orientated. The
panels are divided into four squares with a cross
joint (figure 18). The floor was scanned for loose
parts by knocking and listening, and all loose parts
were marked with adhesive tape arrows (figure 19).
The Ø 0.5 mm holes were then drilled in one go.
Holes of this size cannot be seen at a distance of
1.5 m but can be noticed from up close. Rabbit glue
32-35% was injected into the holes. Injection was
performed while sitting on a moving platform with
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Figure 18 Parquet floor in the memorial house of the Wannsee Conference.

the machine on one side and a second platform
on the other side with all the equipment needed;
a warming plate with glue cartridges, cauls and a
water pot, a drill and a toolbox (figure 20).
Stable spots that nevertheless sounded loose were
injected only, without pressing. The gelled glue
drops can easily be removed from the surface.
Unstable spots were pressed flat with a warm block
and a weight (figure 21).
On parquetry floors, steno injection demonstrates
its high operating efficiency and a significant
increase in the quality of the work. One risk of this
technique is that the veneer can be lifted by the
excessive application of glue, which is difficult to
correct in situ.
Consolidation of an arm joint of a wooden
sculpture
A polychrome sculpture was examined relating
to the bachelor’s thesis of Patrick Kujas at the

Figure 19 Adhesive tape on the floor.

Figure 20 Equipment for steno injection.

Figure 22 Christ Triumphator from the Resurrection Chapel in
Alt Pansow.

University of Applied Sciences in Potsdam (FHP)
(figure 22). Due to extensive insect infestation
(Anobium punctatum) the dowel connection
between the shoulder and the elbow of the left
arm of the sculpted figure had become unstable.
The arm could be moved around and a cavity in the
dowel joint was noticed. Nevertheless, the parts
could not be separated. An X-ray radiograph was
made of the area and the dowel was detected. No
detailed information about the damage could be
obtained however (figure 23). In order to avoid loss
of or damage to the partially water-soluble paint
layer, a thin layer of cyclododecane was applied to
Figure 21 Work space after the injections process.

Figure 23 Dowel joint on the X-ray.
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Figure 24 Anobium punctatum exit holes on the left arm.
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the surface up to 60 mm from the joints. For the
injection, two injection mixtures were prepared:
- 30% hide glue;- injection putty as described in the
bachelor’s thesis of Matthias Hütter (FHP), which
consists of phenolic micro-balloons in hide glue:
30 g hide glue 35%, 5.4 g phenolic resin hollow
beads and 0.15 g Surfynol.
This so-called ‘Hütter putty’ is particularly suitable
for bridging gaps within joints. The putty has a
good ratio of volume to water content, good drying
properties in a closed space, and provides sufficient
strength.
The woodworm exit holes on the left arm were
used as drill holes (figure 24). For drilling, a Ø 0.6
mm spring steel wire was used. While drilling, the
resistance was easily noticeable, which provided
important information about the cavity structure.
A surprisingly large cavity in the arm was found.
From this could be concluded that more than 10 ml
injection putty had to be injected to fill the cavity.
First, about 3 ml glue was injected into the cavity through the injection holes in order to bind
the wood flour (figure 25). The putty was injected
immediately afterwards through a 60 mm long and
Ø 0.6 mm cannula. Glue temperature was set to 55 °C
(figure 26). The first drops of putty emerged at the
surface through the butt joint after circa 13 ml.
Each hole was injected until the putty came back

Figure 25 Injection of glue.

Figure 26 Injection of putty on the right arm.

Figure 27 Excess putty on the left arm.

Figure 28 The joint fixed with a clamp.

Figure 29 The sculpture left to dry.

out. The butt joint was then completely filled. A
total of 20 ml of putty was injected, of which circa
5 ml leaked out. As a result, some 15 ml of injection
putty remained in the dowel joint (figure 27). The
excess putty was removed, and the joint was fixed
in the correct position (figure 28). Since the putty
dries slowly, the joint was left to dry for at least six
weeks (figure 29).
Conclusion
Steno injection extends the possibilities of wood
conservation, since the loss of original material
during consolidation is reduced considerably. With
steno injection many parts can be consolidated
without disassembling. This technique isn’t only
beneficial but involves some risks as well. It opens
up many new topics that are yet to be investigated.
Nevertheless, steno injection has the potential to
be part of the toolset of many future conservators
(figure 30).
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Figure 30 Consolidation of marquetry through a 0.3 mm cannula.
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