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The challenge of hard-to-reach spaces
in mechanical fossil preparation:
Development of the Wada air scribe,
a novel short-bodied air scribe with an adjustable handle

Tomonori Tanaka, Kazumi Wada, Akiko Shinya, and Tadahiro lkeda

ABSTRACT

Pneumatic air scribes are essential tools for mechanical fossil preparation, partic-
ularly in vertebrate fossils. Fossil preparators need to choose the sizes and power of
the air scribe depending on the volume and hardness of rock matrix and fossil speci-
mens. However, traditional air scribes, characterized by their long, straight, pen-
shaped shafts (typically 100—-150 mm in length) and fixed heads, poses challenges in
narrow and hard-to-reach spaces, such as intricate bone surfaces and deep cavities
within fossils. Moreover, when preparing microvertebrate fossils, the limited working
space for long air scribes between the microscope’s objective lens and the fossil spec-
imen hinders effective preparation. To overcome these challenges, we have developed
the Wada air scribe, a novel short-bodied air scribe constructed from hardware readily
available at home improvement stores. The new Wada air scribe has an exceptionally
compact 35 mm body and the handle with a hinge, providing an adjustable working
angle for ergonomic and versatile use. Despite its short body, performance of the newly
developed Wada air scribe is comparable to conventional air scribes with a similar sty-
lus size. In addition, the Wada air scribe can upcycle used styli that are too short to
continue using in the conventional air scribe. Overall, the Wada air scribe offers an
effective solution to the limitations of conventional air scribes, enhancing the capabili-
ties of fossil preparators in their vital work.
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INTRODUCTION

Fossil preparation is essential to palaeonto-
logical research as it transforms rocks into scien-
tific specimens (Brown, 2013). While the basic
preparation techniques for fossil vertebrates were
established in early 1900s (Riggs, 1903; Bather,
1908; Hermann, 1908, 1909), new preparation
techniques and tools have been developed over
the last century (e.g., Whybrow, 1985; Brinkman,
2009; Wada et al., 2012; Brown. 2013; Brown and
Holliday, 2021; Shinya et al., 2022). Much of the
knowledge on fossil preparation, collection care,
and fossil conservation methods is shared within
palaeontological communities (Association of
Materials & Methods in Palaeontology, 2023; Pre-
parator Resources, 2023; The Paleontology Portal
Fossil Preparation, 2023). However, local palaeon-
tological laboratories and museums sometimes
independently develop specific preparation meth-
ods and techniques to address regional challenges
posed by unique geology, depositional conditions,
preservation biases and the complex morphology
of the fossils themselves. These refined techniques
are often limited to in-house use and are rarely
shared with the broader palaeontological commu-
nity.

One of the most important innovations in the
field of fossil preparation was the development of
the pneumatic hammer, which served as the proto-
type of today’s pneumatic air scribes (Riggs, 1903;
Brinkman, 2009). Pneumatic air scribes, resem-
bling pen-shaped hand-held jackhammers oper-
ated using compressed air, were originally
developed as industrial engraving tools (Ratkevich,
1998). The pneumatic air scribe, known for its
power, efficiently removes a substantial volume of
consolidated matrix from the fossil specimen.
Palaeontologist Elmer S. Riggs of Chicago’s Field
Museum of Natural History introduced this innova-
tive preparation tool in 1903 (Riggs, 1903), and its
use rapidly spread among American palaeontolo-
gists (Brinkman, 2009). Over the past 120 years,
numerous technicians have improved its design
and performance while retaining the basic pen-
shape. Today, well-established manufactures such
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as USA-based Chicago Pneumatic® and Pale-
oTools ®, as well as European-based HW tools and
Zoic®, provide air scribes of variable sizes (100-
150 mm in length) and power levels to suit the
needs of various palaeontological laboratories and
museums worldwide (e.g., Chicago Pneumatic,
2023; PaleoTools, 2023; Zoic, 2023). Air scribes
are now regarded as the workhorse of mechanical
preparation.

Commercially available pneumatic air scribes
have been used for fossil preparation in the
Museum of Nature and Human Activities Hyogo
(MNHAH), Japan. This is because vertebrate fos-
sils from Hyogo prefecture, southwestern Japan,
are often preserved in well consolidated mudstone,
and manual preparation techniques using a pin
vise fitted with a tungsten carbide needle have
been proven ineffective. Even a nearly complete
three-dimensionally preserved articulated Meso-
zoic frog skeleton, with a snout-vent length is less
than 30 mm, had to be prepared with air scribes
because chemical preparation methods (Rutzky et
al., 1994) could not be applied due to the risk of
damaging vulnerable micro-vertebrate elements.
Additionally, three-dimensional (3D) images
obtained from non-destructive method such as
computed tomography (CT) were insufficient to
examine its morphology in detail (lkeda et al.,
2016).

In MNHAH dinosaur lab, mechanical prepara-
tion methods using air scribes were often the only
choice for preparing both macro-vertebrate fossils
including sauropod and hadrosaurid dinosaurs and
anthracotheriid mammals (Tsubamoto et al., 2007;
Saegusa and lkeda, 2014; Kobayashi et al., 2021)
and micro-vertebrate fossils including frogs, liz-
ards, eggshells, and small mammals (lkeda and
Saegusa, 2013; Kusuhashi et al., 2013; lkeda et
al., 2015; Ikeda et al., 2016; Tanaka et al., 2016;
Tanaka et al., 2020; Ikeda et al., 2022). Using com-
mercially available air scribes however, prepara-
tors were often required to hold them at awkward
angles when removing matrix from hard-to-reach
spaces in highly complex and fragile fossils, such
as the intricate surfaces of pneumatic bones and



inside deep cavities (e.g., sauropod vertebrae)
(Figure 1A). Even the smallest available air scribes
(e.g., Micro Jack 1 by PaleoTools®) sometimes
become stuck between the objective lens of the
microscope and the fossil (Figure 1B), making it
nearly impossible to use them effectively. The addi-
tion of an auxiliary lens, such as a Barlow lens, to
the objective lens can extend the working distance
between the objective lens and the specimen (Cav-
igelli, 2009), but this extension comes at the
expense of reduce magnification, necessitating the
use of eyepieces with higher magnification to com-
pensate. It is important to note that not all micro-
scope setups can accommodate a Barlow lens and
high-magnification eyepieces. Even when such
configuration is possible, the reduction in magnifi-
cation can adversely affect image quality, particu-
larly making finer details appear less crisp and
distinct compared to using only a high-magnifica-
tion objective lens.

To address these disadvantages encountered
with conventional long-bodied air scribes, we
developed an extremely short-bodied air scribe
with a handle that can adjust the angle of impact
using hardware readily available at home improve-
ment stores. We named it the Wada air scribe, in
honor of the principal developer Kazumi Wada.
The first prototype was made in the MNHAH dino-
saur lab in 2014 (see Figure S1 in Appendix 1).

Rock Matrix
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Subsequent rigorous testing and refinements led to
the completion of the current model of the Wada air
scribe in 2015. The Wada air scribe represents an
innovative fossil preparation tool, highly modifies
the basic pen-shaped form and enhances the per-
formance of the conventional air scribe. In this arti-
cle, we describe how to build the Wada air scribe
so that fossil preparators in other laboratories can
replicate and add it to their preparation toolkit.

HEALTH AND SAFETY

To make Wada air scribe described herein
requires in parts to perform metal forging. It is
important to ensure the health and safety protocol
to prevent accidents. The metal forging, which
involves the shaping and reshaping of metal using
extreme heat and pressure, rigorous safety mea-
sures are crucial to mitigate potential hazards. One
must be equipped with proper personal protective
equipment (PPE) such as heat-resistant clothing,
gloves, safety goggles, and helmets to shield them
from high temperatures, flying sparks, and molten
metal splatters. Comprehensive training programs
should also be taken to learn about the safe opera-
tion of forging machinery, the proper handling of
hot materials, and emergency procedures. Further-
more, well-maintained and regularly inspected
equipment is essential to reduce the risk of mal-

Microscope

B Microvertébrate fossil

FIGURE 1. Usage example of a conventional pen-shaped pneumatic air scribe. A. Fossil preparation inside of the
deep cavity. Note that preparators are required to hold the air scribe at an awkward angle when they try to prepare a
hard-to-reach area. B. Micropreparation using the pen-shaped air scribe. The handle of the air scribe could be caught

on the rim of the objective lens.
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function, as any lapses in maintenance could lead
to dangerous situations. Safety protocols should
also be in place within metal forging areas. Ade-
quate ventilation systems should be in place to
minimize exposure to harmful fumes and dust,
while fire prevention measures, such as properly
placed extinguishers and fire-resistant barriers,
must be readily available.

MATERIALS AND METHODS

The hardware components used to build the
air scribe and handles can be found at affordable
prices in home improvement stores. Components
were selected based on processability, compatibil-
ity, and strength. General tools including a 100 mm
disc grinder (e.g., Makita 9533B), drill taps,
punches, a bench vise, and a hammer were used
to process all metal (e.g., cutting, shaping, drilling,
and pressing). To build the Wada air scribe, six
components are required: one fully threaded hex
head screw with thread size M8, one coupling nut
with thread size M8, one partially threaded socket
head screw with high tensile strength steel with
thread size M8, one straight adapter with tube x
male threaded pipe with thread size M5, one O-ring
with outer diameter 1.75 mm, and one set of air
scribe stylus with a spring and an O-ring (Figure 2).
A shortened stylus from Micro Jack 2 by Pale-
oTools® can be used for this design.

Because of the exceptionally compact design
of the Wada air scribe's short body, prolonged
usage of this tool on its own can lead to hand
cramps and strain. To mitigate the risk of potential
health issues, we have also designed handles. We
propose two unique handle design options, offering
preparators the flexibility to choose the one that
best suits their abilities of metal working and aligns
with their laboratory setup. Each handle requires
four components as shown in Figure 2. The com-
ponents used for the handle form 1 were as fol-
lows: one steel rod of 10 mm by 65 mm, two
polished steel plates of 15 mm by 50 mm by 4.5
mm, one flat top set screw with thread size M3, and
one socket head screw with thread size M4. The
components used for the handle form 2 were as
follows: one steel pipe of 80 mm in length with
outer diameter 16 mm and inner diameter 13 mm,
one aluminum sheet of 50 mm by 13mm by 1 mm,
one screw with thread size M4, and one nut with
thread size M4.

The design drawings and production workflow
of the Wada air scribe, handle form1, handle form
2, and the coupling of the air scribe with a handle
are described herein and figured in Figures 3-5,
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Figure 6, Figure 7, and Figure 8 respectively. In
addition, Appendices 2 to 10 contain 3D images of
the Wada air scribe, the Wada air scribe with han-
dle form 1 and 2, as well as detailed component of
the Wada air scribe and handles. The scan images
of the Wada air scribe and its components/handles
were acquired utilizing a Nikon XT H225 ST and
subsequently rendered into 3D images at the
Tomakomai Industrial Technology Center in Toma-
komai City, Hokkaido, Japan. Using a 3D printer
could facilitate the creation of the handle, provided
the chosen material is capable of withstanding rig-
orous use. However, we advise against 3D printing
the Wada air scribe because it needs to endure
compressed air, and the printed part may not meet
the required safety standards and pressure specifi-
cations.

Wada air scribe

The Wada air scribe is composed of three
parts: junction (Figure 3A-E), cylinder (Figure 3F-
J), and bushing (Figure 3K—0). The measurements
of each processed component are shown in the
schematic drawings in Figure 3D, E, I, J, N, O.
Each part of the Wada air scribe was constructed
by the following workflows. Further detail produc-
tion is found in Figure S2—-S4 in Appendix 1.
Junction. To create a junction, one-fifth of a screw
head of a fully threaded hex head screw (Figure
3A) was removed. The hexagonal head was
ground into a cylindrical shape before being cut
diagonally at an angle of approximately 70 degrees
from the horizontal plane (Figure 3B, C). Addition-
ally, a shallow groove was created at the base of
the head to accommodate an O-ring (Figure 3C). A
tapped hole with an M5 thread size was then made
on the diagonally cut surface (Figure 3D, E). On
the opposite side of the hex head, a 1 mm diameter
hole was drilled towards this tapped hole, then
reduced the opening to 0.5 mm to create an orifice,
which aids in increasing the air pressure (Figure
3E). This was achieved with a small hammer and a
nail (see step 5 of Figure S2 in Appendix 1).
Finally, the surface with the orifice was polished
using sandpapers ranging from #400 to #2000 grit.
The 3D image of the junction can be found in
Appendix 2.

Cylinder. A cylinder was created from a coupling
nut. First, the lateral surface of the coupling nut
was ground into a cylindrical shape (Figure 3F, G).
Subsequently, the left and right lateral sides were
chamfered in preparation for attaching a handle at
a later stage. The distance between the left and
right surfaces was approximately 10 mm (Figure



12

Components Size
1 [Fully threaded hex head screw M8
2 Coupling nut M8
3 |Partially threaded socket head screw M8
4 |Straight adapter, tube x male threaded pipe M5
5 O-ring outer dia. 1.75 mm
6 Air scribe stylus PaleoTools® Micro Jack 2
7 Steel rod diameter 10 mm, length 65 mm
8 Polished steel plate heightth:;:;"'sle:gsh;:o e
9 Flat top set screw M3
10 Socket head screw M4
11 Steel pipe outerdla.lgﬁgtn;], ggir:w. 13 mm
12 Aliminimisheet height 1_3mm, lenght 50 mm,

thickness 1 mm

13 Screw M4
14 Nut M4

PALAEO-ELECTRONICA.ORG

!:

Wada air scribe

Handle form 1

Sl

Handle form 2

FIGURE 2. List of the components for one Wada air scribe and two forms of the handle. The "M" designation for met-
ric screws indicates the outer diameter of the screw thread in mm.
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Junction Cylinder
1’ 2’
® )
C H
groove for O-ring depression

8mm

10mm

25mm

E orifice J

0.5mm

FIGURE 3. The junction (A-E), cylinder (F-J), and bushing (K-O) in right lateral (A, B, C, F, G, H, K, L, and M), back
(D), and front (I and N) views. The component numbers correspond to those of Figure 2. A, one-fifth from the screw
head of a fully threaded hex screw; B, the junction; C, diagram of the junction; D, the junction; E, cross section of the
junction; F, a coupling nut; G, the cylinder; H, diagram of the cylinder; |, the cylinder; J, cross section of the cylinder; K,
middle part of a partially threaded socket head screw; L, the bushing; M, diagram of the bushing highlighting the stem

and an exhaust hole; N, the bushing; O, cross section of the bushing.
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base of the stylus

stem
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more than 1.0mm

B

bushing

FIGURE 4. The assembly drawing of the stylus, spring,
and bushing. Note that the distance between the bush-
ing and the base of the stylus must be more than 1 mm.
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31). Additionally, a small 3 mm diameter depression
was made in the center of the right side of the sur-
face (Figure 3G, H). This depression accommo-
dates a flat top set screw (component 9 in Figure
2), which serves as the pivot point for adjusting the
air scribe body angle. The 3D image of the cylinder
can be found in Appendix 3.

Bushing. A bushing was made from the mid-sec-
tion of a socket head screw with high tensile
strength steel (thread size M8) (Figure 3K-0O).
First, non-threaded side was tapered into a conical
shape and a 1.6 mm guide hole for a stylus was
drilled in the center of the bushing as shown in Fig-
ure 30. The threaded side was ground to form a 5
mm long, 4 mm diameter cylinder (Figure 3L, M, O)
to create a stem that a spring can fit over (Figure
4). The opposing sides of the bushing's tip were
chamfered to facilitate easy attachment or detach-

O-ring

20mm

depre\ssion

exhaust hole

5 )

\

junction

C

O-ring

stylus
. bushing
cylinder
O-ring spring
A A AR
) XYY 1N
\\>
Z stylus
orifice bushing

junction

cylinder

FIGURE 5. The Wada air scribe. A, the structure of the Wada air scribe. The component numbers correspond to those
in the Figure 2; B, diagram of the Wada air scribe in lateral view; C, cross section of the Wada air scribe in lateral view.
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8 [
A polished steel plate || e -
<£:17 Shaping
left arm
/
( O welding tapped hole (M4)
7 steel rod (support rod) .
right arm tapped hole
counterbore hole (M3)
(dia. 4 mm)
10
socket head screw (M4) O wm
headless screw (M3)
B
tapped hole
clearance hole (M3)

(dia. 4 mm)
@
D
E

tapped hole (M4)

20 mm

FIGURE 6. The handle form 1. A, production process. The component numbers correspond to those in Figure 2; B,
the handle in right lateral view; C, the handle in top view; D, the handle with the socket head screw (M4) in bottom

view; E, the handle in left lateral view.

ment using a pair or pliers or a wrench (Figure 3L,
M). A groove for exhaust was added to one side of
the bushing’s thread (Figure 3N). Finally, the pro-
cessed bushing underwent a quenching procedure
for hardening. This involved exposing the bushing
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to controlled heating with a gas burner in a dark-
ened room until it reached a vibrant red color. Sub-
sequently, the heated bushing was immediately
immersed in machine oil for several seconds. The



11 steel pipe

U s

PALAEO-ELECTRONICA.ORG

12 Aluminum sheet

Pressing & Shaping

Bending

clearance hole
(dia. 4mm)

13 screw (M4)

) 14 nut (M4)

<

. Wada

~— air scribe

10mm

Bom
clearance hole
(dia. 4mm)

20 mm

FIGURE 7. The handle form 2. A, production process of the support rod; B, production process of the body holder; C,
the support rod in right lateral view; D, the support rod in top view; E. the support rod in bottom view; F, the support
rod in front view; G, the body holder in right lateral view; H, the body holder in front view. The component numbers cor-

respond to those in Figure 2.

3D image of the bushing can be found in Appendix
4.

Assemblage of the three parts. An assembly of
the Wada air scribe is shown in Figure 5. A straight
adapter of a tube x male threaded pipe was
screwed into the junction, ensuring an airtight con-

nection with the use of an appropriately sized O-
ring in between. Next, an air-line was connected to
the straight adapter. Before connecting it to the cyl-
inder, an additional O-ring was inserted at the base
of the threaded side of the junction. To complete
the assembly, a stylus with an O-ring and a spring
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Handle Form 1
A i O

Wada air scribe

fulcrum
flat top set screw
locking screw
socket head screw
T
C =

20 mm

Handle Form 2

D
iz @
body holder
support rod
E
locking screw J
screw and nut
F

FIGURE 8. The assembly drawing of the Wada air scribe and the handle form 1 (A-C) and 2 (D-F). A, insert the air
scribe between the left and right arm; B, angle adjustment of the Wada air scribe; C, the Wada air scribe with the han-
dle form 1 in right lateral view; D, insert the air scribe into the body holder and attach them to the support rod; E, angle
adjustment of the Wada air scribe; F, the Wada air scribe with the handle form 2.

was inserted through the guide hole in the bushing,
and the bushing was attached to the cylinder using
a pair of pliers or a wrench. The 3D image of the
Wada air scribe can be found in Appendix 5.

Handle Form 1

For this workflow, the welding process is an
essential step that cannot be omitted. An alterna-
tive non-welded handle making process is
described in the Handle Form 2. The handle form 1
is composed of three parts: a support rod and two
arms (Figure 6). The handle form 1 was con-
structed using the following workflow: Two ellipti-
cally shaped steel plates were cut to create the left
and right arms. The outer-facing lateral surfaces
were ground for improved grip, and these arms
were then welded to the supporting rod (Figure
6A). On the left arm, a tapped hole with an M4
thread size was drilled (Figure 6A). On the right
arm, a counterbore hole with a 4 mm cylindrical
hole that widens to a 7 mm coaxial hole for the
socket head screw was drilled (Figure 6A, B). To
secure the Wada air scribe between them, a socket
head screw with an M4 thread size (component 10
in Figure 2) was inserted through these holes (Fig-
ure 6D). It functioned as a locking screw when fas-
tening the left and right arms together. An
additional tapped hole with an M3 thread size was
drilled into the right arm (Figure 6A, E). This hole
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served as a pivot point for adjusting the angle of
the air scribe body when attaching the handle to
the Wada air scribe. The space between the left
and right arms was set approximately 10 mm,
matching the width of the air scribe body (Figure
6C). The 3D image of the handle form 1 can be
found in Appendix 6.

Handle Form 2

The handle form 2 is composed of two parts:

the support rod (Figure 7C-F) and a body holder
(Figure 7G, H). Each part of the handle form 2 was
constructed by the following workflows.
Support rod. One end of the steel pipe (compo-
nent 11 in Figure 2), a length of 20 mm, was com-
pressed using a bench vise and a hammer,
reducing the compressed section to 22 mm by 6
mm (Figure 7A). The compressed end of the steel
pipe was shaped to match the configuration shown
in Figure 7A and then polished to a smooth finish.
A notch measuring 4 mm in width and 15 mm in
length was carefully cut at the bottom tip to create
the body holder arms. A 4 mm clearance hole was
subsequently drilled at the very end of these body
holder arms. The 3D image of the support rod can
be found in Appendix 7.

Body Holder. The aluminum sheet was bent along
the contour of the Wada air scribe body using a
bench vise and a hammer, as depicted in Figure
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F

FIGURE 9. The Wada air scribe with handle forms 1 (A-C) and 2 (D-F) at a straight angle (0 degrees) (A and D) and a
right angle (90 degrees) (B and D), respectively. Using a closed-cell polyurethane foam sleeve cover to encase the
handles can effectively reduce the impact on the hand (C and F).

7B. Additionally, a 4 mm clearance hole was drilled
into the lower section of the body holder. The 3D
image of the body holder can be found in Appendix
8.

Coupling the Wada air scribe with a handle

With Handle Form 1.The Wada air scribe was
securely fastened between the left and right arms
of the handle using the flat top set screw, as shown
in Figure 8A and B. The air scribe’s angle could be
finely adjusted and then locked in place, ranging
from 0° (Figure 9A) to approximately 90° (Figure
9B) in relation to the handle. This adjusted angle
could be secured by tightening a socket head
screw. To minimize the vibration impact from the
tool on the hand, the handle was covered with a
closed-cell polyurethane foam sleeve with a 16 mm
inner diameter (Figure 9C). The 3D image of the
Wada air scribe with handle form 1 can be found in
Appendix 9.

With Handle Form 2. The Wada air scribe was
inserted in the body holder and the air-line was
carefully guided through the support rod, as shown
in Figure 8D. Subsequently, the lower part of the
body holder was positioned between the left and

right arms of the support rod (Figure 8E) and firmly
secured with a screw and nut. Same as in the han-
dle form 1, the air scribe’s angle with this handle
form 2 could also be finely adjusted, ranging from
0° (Figure 9D) to approximately 90° (Figure 9E) in
relation to the support rod, and the chosen angle
could be secured by tightening a screw and nut.
This handle was also covered with a foam padding
to reduce the vibration impact on the hand (Figure
9F). The 3D image of the Wada air scribe with han-
dle form 2 can be found in Appendix 10.

DISCUSSION

The Wada air scribe was originally designed
by Kazumi Wada, former Chief Preparator at the
MNHAH Dinosaur Lab, to overcome the limitations
of the commercially available air scribes, which
typically had a pen-shaped, long-body with a fixed
angle. The fundamental modification to the tradi-
tional air scribe arose from the realization that the
body length of a conventional air scribe (Figure
10A) was not the determining factor for its perfor-
mance. In 2014, a prototype was created (see Fig-
ure S1 in Appendix 1), and it posed several
challenges in achieving a balance between short-

1
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FIGURE 10. Comparison between the commercially
available air scribe and the Wada air scribes. A, a pen-
shaped air scribe (Micro Jack 2 from PaleoTools®); B,
the Wada air scribe.

ening the air scribe and maintaining optimal perfor-
mance. One of the biggest challenges was to
determine the ideal length of the bushing (Figure
4). While the bushing provides stability to the sty-
lus, a longer bushing would contradict our goal of
minimizing the air scribe’s length. To achieve a
compact design, a portion of the bushing was
ground to fit inside a spring, effectively extending
the bushing (referred to as the stem in Figures 3M,
4B). To ensure the air scribe operated optimally, a
guide hole had to be at least 12 mm in length when
using a stylus with a 1.6 mm diameter, and the
base of the stylus and the stem of the bushing had
to avoid contact (Figure 4B). Furthermore, it was
discovered that the distance between the base of
the stylus and the stem need to be greater than 1
mm, equivalent to the amplitude of the spring
during a single stylus stroke. To meet these criteria,
the stem’s length was adjusted to 5 mm and its
width to 4 mm, resulting in a total bushing length of
15 mm (Figure 30). As a result, the overall length
of the Wada air scribe was successfully reduced to
35 mm, making it the shortest air scribe known for
use in the palaeontological laboratories to date.
This design is cost-effective, requiring only five
components readily available in the home-improve-
ment stores. Despite its significantly short body, the
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Wada air scribe performs on par with conventional
long-bodied air scribes with a similar stylus size.

Additional challenges included making the air
scribe ergonomic to hold and allowing for adjust-
able impact angle. Given its compact 35 mm
length, the Wada air scribe could be challenging for
preparators to hold comfortably for extended
period. This issue was resolved by introducing a
holder, and the innovation came in the form of a
hinged holder, which enable the user to secure the
air scribe angles ranging from 0° to 90° relative the
holder (Figures 8, 9). This feature allowed users to
hold the Wada air scribe in an ergonomic position,
especially when working in the hard-to-reach
spaces (Figure 11A).

The novel configuration of the short-bodied
Wada air scribe with an attached handle with an
adjustable angled tip also greatly enhanced the
productivity in micropreparation (Figure 11B).
Micropreparation of small fossils demands precise
control of the tool under a microscope to avoid
inadvertent damage (Madsen, 1996). The Wada air
scribe proved highly effective in this regard, pre-
venting it from getting stuck between the objective
lens of the microscope and the fossil specimen due
to its extremely short body and adjustable impact
angle (Figure 11B).

Finally, the Wada air scribe can upcycle styli
from the Micro Jack (PaleoTools ®) that are too
short to continue using in existing products. It can
fit styli as short as 25 mm, thereby maximizing their
utility and reducing waste in a palaeontological lab-
oratory.

CONCLUSION

In this article, we provide herein comprehen-
sive, step-by-step instructions for constructing the
short-bodied Wada air scribe, making it accessible
for fossil preparators worldwide. While specialized
preparation tools to overcome regional palaeonto-
logical challenges, such as the Wada air scribe,
are frequently developed by local laboratories and
museum, their distribution remains limited. We
believe that actively disseminating and demon-
strating in-house palaeontological tools and meth-
ods can significantly advance fossil preparation
techniques and strengthen palaeontological
research.

The Wada air scribe was initially designed and
ingeniously crafted using readily available nuts and
bolts from a home improvement store in 2014. Its
primary purpose was to address challenges
encountered in mechanical fossil preparation,
especially in hard-to-reach spaces. By the end of
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FIGURE 11. Usage example of the Wada air scribe. A, fossil preparation inside of the deep cavity; B, preparation

under a microscope using the Wada air scribe.

2014, the MNHAH dinosaur lab successfully inte-
grated three Wada air scribe units into its daily
workflow, and additional nine units were assem-
bled by 2019. Over time, we have continually
refined its design and the Wada air scribes have
become the primary mechanical preparation tools
in the MNHAH. After nearly a decade, all Wada air
scribes continue to function seamlessly, demon-
strating their robustness and sustained operational
reliability.

Overall length of the Wada air scribe is 35
mm, making it the smallest air scribe known for use
in palaeontological labs. While it can be used as is,
we also designed an ergonomic handle with a
hinge to reduce hand strain and fatigue. Addition-
ally, the Wada air scribe can recycle used styli that
are too short for use in commercially available air
scribes. Despite its small size, the performance
matches that of other air scribes with similar-sized
styli. Its exceptional maneuverability in confined
spaces effectively overcomes the limitations asso-
ciated with long-bodied air scribes.
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APPENDIX 1.

FIGURE S1. The prototype of the Wada air scribe. The short air scribe and the cylinder were welded
together, at an L-shaped configuration. The impact angle remained fixed at 90 degrees and could not be
adjusted.
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FIGURE S2. The production flow for a junction. Schematic diagrams in lateral view (upper row) and cross-
sections (lower row) are shown.

1. One-fifth of the head of a fully threaded hex head screw with thread size M8 (component 1 in Figure 2)
was utilized as a base material of the junction part. The outline of the junction is depicted as a dotted line.

2. The hexagonal head of the screw was then shaped into the junction form.
3. A tapped hole with the thread size M5 was drilled.
4. A clearance hole with a diameter of 1 mm was drilled.

5. The diameter of the clearance hole was reduced at the surface, creating an orifice with a diameter of 0.5
mm.
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FIGURE S3. The production flow for a cylinder. Schematic diagrams in lateral (upper row) and front (lower
row) views are shown.

1. A coupling nut, measuring 25 mm in length with thread size M8 (component 2 in Figure 2), was utilized as
the base material for the cylinder part.

2. The corners of the coupling nut were rounded off and the coupling nut was shaped into a cylinder through
grinding.

3. The width of the cylinder was adjusted to 10 mm by chamfering the left and right lateral sides. A small 3
mm diameter depression was created on the right side of the lateral surface.
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FIGURE S4. The production flow for a bushing. Schematic diagrams in lateral (upper row) and front (middle
row) views and cross-sections (lower row) are shown.

1. A middle part of a partially threaded socket head screw with thread size M8 (component 3 in Figure 2)
was utilized as a base material for the busing part. The outline of the bushing is depicted as a dotted line.

2. The non-threaded portion was grounded into a conical shape and a guide hole (1.6 mm in diameter) for a
stylus was drilled in the center of the bushing. The outline of the stem is indicated by a dotted line.
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3. The opposing sides of the bushing tip were chamfered. The threaded portion was ground to make a
stem, which is 5 mm in length and 4 mm in width.

4. A narrow notch (exhaust hole) was made on the threaded portion of the bushing on one side.

APPENDIX 2.

Three-dimensional image of a junction (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.

APPENDIX 3.

Three-dimensional image of a cylinder (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.

APPENDIX 4.

Three-dimensional image of a bushing (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.

APPENDIX 5.

Three-dimensional image of a Wada air scribe (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.

APPENDIX 6.

Three-dimensional image of a handle form 1 (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.

APPENDIX 7.

Three-dimensional image of a supporting rod of a handle form 2 (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.

APPENDIX 8.

Three-dimensional image of a body holder of a handle form 2 (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.

APPENDIX 9.

Three-dimensional image of the Wada air scribe with handle form 1 (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.
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APPENDIX 10.

Three-dimensional image of the Wada air scribe with handle form 2 (STL). Available for download at
https://palaeo-electronica.org/content/2024/5151-wada-air-scribe.
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