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CONSTRUCTION OF A PRECISION HAND MICROTOME FROM AN
INEXPENSIVE MICROMETER
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Institute of Biological Chemistry, Washington State University, Pullman, WA 99164-7411
gturner@wsu.edu

ABSTRACT

I present here instructions for the construction and use of a simple hand microtome made from a small brass
tube, a steel washer, and a micrometer. The micrometer spindle becomes the specimen advance rod to smoothly
push specimens through the tube to its open end, where the washer acts as a cutting guide for razor blade sec-
tioning of specimens. Specimens are held firmly within the tube, wedged between pieces of firm polystyrene foam
or a similar material. I present micrographs showing a sampling of plant specimens sectioned using this micro-

tome and briefly discuss the historical origin of its design.

Key Words: Freehand sections, hand microtome, hand sectioning, microscopy of unfixed plant tissues, microtomy,

Ranvier microtome, Ross microtome.

Freehand sections are often used to investigate the
anatomy of fresh plant tissues. They can be produced
rapidly without tissue fixation or embedding (Ruzin
1999). Simple hand microtomes can assist freehand
sectioning and improve the quality of the sections.

During my dissertation research in plant anatomy
at the University of California at Davis, I made several
hand microtomes built from inexpensive micrometers.
The micrometer’s spindle becomes the specimen advance
rod of the microtome. The differential screw mechanism
built into the micrometer design ensures smooth, precise
advancement of the specimen during sectioning. A small
tube provides a chamber where the specimen is held,
wedged firmly between two pieces of stiff polystyrene
foam (PSF) “styrofoam.” A steel washer at the end of
the tube serves as a cutting guide. With very little prac-
tice, an inexperienced operator can use one of these
microtomes to quickly and reliably produce thin free-
hand sections of plant leaves, stems, and fine roots.
Over the years, I found these microtomes useful for
research and teaching. In this paper, I describe the con-
struction and use of a hand microtome and present
images of sections made with it.

MATERIALS AND METHODS

Materials

¢ An inexpensive outside micrometer, or a micrometer
head. I used a General No. 102 outside micrometer
(General Tools and Instruments, Secaucus, NJ) pur-
chased from Amazon.com for $15. Often, low-cost
micrometer heads alone (consisting of only the spindle
rod, thimble, and barrel) are available for a similar
price. They can be used directly without modification.
e A small, rigid-walled, brass tube. I used a 35 mm
long hose coupling with an internal diameter of 9 mm
(Fig. 1A), but any stiff tube with similar dimensions

should also work. In the past, I have often used small
brass pipe fittings.

¢ A steel washer with an inside diameter slightly larger
than the internal diameter of the tube. I used a
washer with an outer diameter of 44 mm and an inter-
nal diameter of 11 mm (Fig. 1A).

e Epoxy putty. I used PC-Meta epoxy putty
(Protective Coating Co., Allentown, PA). This epoxy
resin cures to become a very hard material.

e A hacksaw to remove the upper portion of the
micrometer.

e A vise to clamp the micrometer.

e Fine sandpaper. I used 320-grit and 1500-grit
sandpaper.

e Firm polystyrene foam (PSF), such as expanded
polystyrene foam, extruded polystyrene foam, or
similar materials, to hold specimens within the micro-
tome while sectioning. I used scrap Styrofoam™
UtilityFit™ 15 PSI extruded polystyrene foam
insulation (Dow Chemical Co., Midland, MI). This
material provided excellent firmness for sectioning.

* Good-quality, single-edge razor blades. I used
Personna GEM® single-edge, stainless steel, uncoated
blades (Edgewell Personal Care Company, Shelton,
CT). I have found that good-quality, single-edged
razor blades work better than double-edged blades
for the hand microtome. Single-edged blades are
more rigid than double-edged blades. While single-
edge blades follow the cutting guide, the thinner,
double-edged blades tend to bend downward and
cut deeper below the exposed surface, often resulting
in poor-quality sections.

lTM

Construction of the Microtome

First use fine sandpaper to remove any inwardly-
projecting fragments of metal at the lip of the tube
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FIG. 1. Construction of the hand microtome. A. The brass tube and steel washer used for the specimen chamber and cutting
guide of the microtome. B and C. The washer has been attached to the brass tube with epoxy putty. D. The General #102
micrometer that will become the base of the microtome and provide the differential screw and specimen advance rod; S =
Spindle, T = Thimble. E. The micrometer with its upper portion removed. F. The washer and tube assembly centered around
the micrometer spindle rod and attached to the micrometer base with epoxy putty. G and H. The finished hand microtome
with a polished cutting guide (washer) and a handle fashioned from epoxy putty.

that might affect the movement of the specimen. Clean
the tube and washer with soap and water or alcohol to
remove surface grease that might hinder the binding
of the surfaces to epoxy. Next, attach the tube to the
washer with a small ring of epoxy putty (Fig. 1B, C).

Be sure that the washer is well-centered and that no
part of the washer covers the opening of the tube. Then
use a hacksaw to remove the upper portion of the
micrometer at the level of the upper extension of
the spindle rod (S) (Fig. 1D, E). Next, use a ring of
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Fi1G. 2.

Sectioning with the hand microtome. A. A sample from a citrus leaf is wedged within a small plug of firm Styrofoam.

B. After trimming the excess sample from the sides of the PSF plug, the plug is squeezed to fit within the specimen chamber.
C. After advancing the spindle rod until it presses firmly against the PSF plug, the specimen is sectioned with a razor blade. A
small, partial, turn of the micrometer screw advances the specimen past the cutting guide. D. Leaf and PSF sections in a Petri dish.

epoxy putty to attach the tube and washer assembly to
the micrometer, placing the tube over the spindle and
attaching it above the thimble (T) (Fig. 1D, F). Be sure
that the micrometer spindle rod is well-centered in the
tube. Hold the tube centered while the epoxy sets. 1
find it helpful to use an epoxy putty with a quick set-
ting time. Use additional epoxy putty to mold a handle
around the cut C-shaped portion of the micrometer.
This provides extra strength to the microtome’s struc-
ture and a convenient handle to hold while sectioning
(Fig. 1G). Finally, use fine sandpaper to polish the sur-
face of the washer (now the cutting guide) as well as
inside the tube (Fig. 1H).

If the diameter of the spindle rod (specimen advance
rod) is much smaller than that of the tube’s internal
diameter, sectioning could be improved by the addition
of a small washer, or any flat plug, with an outer diam-
eter close to the inner diameter of the tube to help
distribute the pressure on the PSF. The plug could
be permanently glued to the end of the specimen
advance rod, however, if the rod is not well-centered,
the edge of the plug could rub strongly against the edge
of the tube when the screw is turned. Alternatively, the
plug could be placed loosely on top of the spindle rod

prior to inserting the PSF and specimen. Then the plug
would still distribute the pressure from the specimen
advance rod, but it would not rotate with the rod and
would not rub excessively against the tube.

Sectioning with the Microtome

Specimens must be firmly held within the microtome
while sectioning, or the razor blade will pull the specimen
out of alignment while cutting, creating thick and unus-
able sections. Firm pieces of PSF work well to clamp
specimens. Specimens must be squeezed tightly, even
if this causes some compression of the specimens.

Sectioning procedure. First, check that the cutting
guide is smooth and clean. If it is not, clean and re-pol-
ish the cutting guide before use, so that the razor blade
can move smoothly across with little resistance. Next,
cut a square of firm PSF so that it is larger than the
bore of the microtome’s specimen chamber (the tube).
The PSF square should extend about 2 mm beyond the
edge of the chamber on all sides. Slice the PSF square in
half. Wet the surfaces of both halves, and sandwich a
sample of plant tissue between them (Fig. 2A). Specimens
should be well hydrated. Next, carefully compress the

Downloaded From: https://complete.bioone.org/journals/Madrofio on 27 May 2025
Terms of Use: https://complete.bioone.org/terms-of-use



100 MADRONO

[Vol. 70

FiG. 3.

Unstained, unfixed, plant specimens sectioned with the hand microtome. A. Mature leaf transverse section of Triticum

aestivum L. (Poaceae). Scale bar = 100 um. B. Transverse section of a young polyarch root of Triticum aestivum L. Scale

bar = 100 pum.

PSF sandwich and insert it within the microtome’s speci-
men chamber. The pressure from the compacted PSF
will hold the specimen firmly while it is being sectioned
(Fig. 2B). After inserting the specimen, hold a finger over
the end of the microtome and advance the specimen
advance rod until the sample presses firmly against the
finger. Remove your finger from the end of the micro-
tome. Advance the specimen about 1 mm past the cut-
ting guide and slice through the PSF with a single-edged
razor blade in order to create a clean face of the PSF-
held specimen at the cutting plane of the microtome.
Advance the specimen with a small turn (about 1/8 to
1/4 turn) of the specimen advance rod and section the
specimen by moving the blade along the cutting guide
with a slicing motion (Fig. 2C). Repeat the sectioning
process. Cut slowly and carefully, always keeping fingers
away from the sharp edges. Collect the sections in a
petri dish (Fig. 2D) or place them directly on a slide.

The micrographs (Figs. 3, 4, and 5A, B) show sec-
tions of plant specimens cut with the hand microtome
described here.

Photography. The photographs shown in Figs. 1
and 2 were taken with a Canon PowerShot ELPH 110
HS digital camera. The micrographs of Figs. 3, 4, and 5
were taken with a Leica DMI3000 B inverted micro-
scope using a Leica DFC450C digital camera and Leica
Application Suite (LAS X) software.

DiscussioN

I presented here the construction and use of a simple
hand microtome built over the base of an inexpensive
micrometer. It is a variant of a Ranvier microtome.
According to Bracegirdle (1978) the design originated
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FIG. 4. Unstained, unfixed, leaves sectioned with the hand microtome. A. Transverse section of a mature leaf of Arabidopsis
thaliana (L.) Heynh. (Brassicaceae). Scale bar = 100 pm. B. Mature leaf transverse section of Mentha x piperita L. (Lamiaceae).
Scale bar = 100 um. C. Mature leaf transverse section of Citrus x paradisi Macfad. (Rutaceae). Scale bar = 100 pm.

with H. Schacht, F. Currey, and A. Ross in the early
1850s. In 1851 Hermann Schacht’s book on plant micro-
technique included a design for a simple hand micro-
tome that consisted of a tube within which samples were
wedged between slices of cork. The specimen was simply
pushed through the tube from below by the operator’s
finger, and sectioned with a razor at the end of the tube.
Frederick Currey translated Schacht’s book into English
in 1853 and included changes to the microtome’s design.
Currey added a simple thumb screw to advance the

specimen, with a metal disk at the end of the screw to
evenly press against the specimen when the screw is
turned (Fig. 5C). Currey noted that Andrew Ross (a
prominent optician and manufacturer of microscopes)
constructed the microtome for him and that Ross had
suggested the changes (Schacht 1853; Bracegirdle 1978).
The 1855 edition of Currey’s translation illustrated an
improved version of the microtome with a cutting guide,
consisting of a flat metal disk at the end of the tube.
Bracegirdle (1978) suggested that this microtome was
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FIG. 5. Sections of fresh plant specimens, and an illustration of the original hand microtome from Schacht (1853). A. A root
transverse section of Dracaena sanderiana Mast. (Asparagaceae). Scale bar = 100 um. B. Transverse section of a young inflo-
rescence shoot of Arabidopsis thaliana (L.) Heynh. Scale bar = 100 pm. C. A diagram of the original microtome designed by
Andrew Ross, redrawn from Figure 1 in Frederick Currey’s 1853 translation of Hermann Schacht’s book of plant microtech-
nique. The box (ABEF) defines a brass tube closed at the end (EF). A split cork (holding a specimen) is shown in the upper
portion of the tube pressed by a brass plate (CD) that is advanced by a screw. The following is F. Currey’s footnote concerning
the figure: “Dr. Schacht recommends a metal tube, open at both ends, and a cork divided into two parts. The disk and the
screw were suggested by Mr. Ross, who made for me the instrument here described. It is better that the cork should not be
quite divided, as there is then less risk of injuring the object by friction whilst pushing the cork into the tube. The screw being
well made, the razor very sharp and flat-sided, and the cork sound and good, wonderfully thin sections may be obtained with

the instrument here recommended.—Tr.”

likely a commercial development of Ross’ design. Sub-
sequently, the same design was popularized by Louis-
Antoine Ranvier, and the device soon became widely
known as the Ranvier microtome. Commercial ver-
sions have been available from the mid-19th century to
the present day. Some 19th-century versions had high
precision specimen advance screws (including modified
micrometer heads) and elaborate specimen holding
clamps (Bracegirdle 1978).

The microtome that I describe in this paper differs
from the original Ranvier hand microtome by the
addition of a differential screw mechanism for the spec-
imen advance rod, derived from the spindle advance of
a micrometer. Using a differential screw provides a
smoother, more precise movement of the specimen

advance rod than would be possible with a simple
mechanical screw. A micrometer differential screw mech-
anism uses two differently threaded regions, on the spin-
dle rod and micrometer barrel, with different thread
pitches. When the micrometer thimble is turned, the rod’s
movement is restricted and is proportional to the differ-
ence of the pitches of the two threads. This allows for
much finer movement with each thimble rotation than
would occur with a simple screw with a single-thread
pitch (Schwertz and Burge 2012).

Low-cost outside micrometers are available from
several sources in the $10 to $20 range. Very well-made
micrometers with high precision can cost more than
$200, but the low-cost instruments work well for hand
microtomes, and higher precision is unnecessary. The
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thickness of sections appears to be limited by the softness
of unfixed, unembedded, fresh specimens, rather than
the fine movements of the specimen advance rod, so
greater precision from the more expensive microme-
ters would not improve sectioning. High precision sin-
gle-thread screws and bolt sets are also available.
Presumably, they would make excellent specimen
advance mechanisms for hand microtomes, but
they appear to be more expensive than the low-
cost micrometers (in the $30 to $40 range).

CONCLUSIONS

The simple, low-cost, hand microtome presented here
is a precision instrument capable of producing high-
quality frechand sections of plant material and other
biological specimens, useful for research or teaching.
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