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The parallel rod floor test is a new model of ataxia in mice. It allows the simultaneous measurement of ataxia and locomotor activity.

This protocol is designed for researchers examining ethanol-induced motor incoordination in mice, but it should be applicable to

other sedative/hypnotic drugs and to testing cerebellar mutant mice or mice with engineered genetic defects. This protocol takes 3 d,

with the time per day depending on how many animals are tested. The test allows researchers to quantify differences in motor

coordination among genotypes of mice that may differ in locomotor activity. Unlike many other methods for assessing incoordination,

the parallel rod floor test yields similar patterns of genetic sensitivity across a range of variant forms of the apparatus.

INTRODUCTION
Motor incoordination (or ataxia) has been studied in a number of
animal models, both models of neurological disorder and models
that provide an index of sensitivity to the sedative effects of drugs of
abuse. A number of models have been used to assess ataxia. The
most commonly used is the rotarod, where animals are measured to
see how long they can continue walking on a rotating rod1. In this
task, animals are forced to move to avoid falling from the rod onto a
cushioned surface below. Other measures of ataxia also force the
animal to move, including the balance beam, which scores hind
paw slips from the beam as mice traverse it2. Some animals stop
moving during this test, forcing the experimenter to encourage
movement across the beam by lightly prodding the animal’s
hindquarter. The grid test3, a measure upon which the parallel
rod floor test was partially based, also measures foot slips during
drug intoxication, and in its original formulation occasionally
required that animals be physically encouraged to resume move-
ment. Yet other measures of ataxia allow the animal to explore an
arena freely while measures of motor incoordination are taken. One
such task is the random hole alley test4,5, which demonstrated
increased numbers of foot slips through holes in a solid floor in
mice with a cerebellar mutation. The measures with the highest
apparent validity are observer-rated ataxia scales 6, recently devised
for mice based on earlier scales developed for rats7,8. Finally, other
tasks measure other physiological responses thought to contribute
to ataxia that are independent of locomotor activity. These tests
include the screen test9, grip strength test10 and dowel test11.

Although many different models of ataxia exist, it has become
apparent that not all are measuring the same underlying behavior.
From the list above, an anthropomorphically based classification
might conclude that the dowel test, the balance beam test and, to a
degree, the various forms of rotarod tests assess the ability to retain
balance. The screen test and grip strength test have sometimes been
assumed to gauge muscle strength or weakness. From a human
perspective, the remaining tasks described above would be thought
to reflect relatively straightforward measures of true ambulatory
ataxia. Somewhat deeper thought would lead the experimenter to
reflect that several other factors might also be playing a role in some
of these behavioral assays, including intact visual function, normal
proprioceptive feedback, individual differences in anxiety, motiva-
tion to explore or move and capacity for motor learning.

All the above mentioned tasks are sensitive to genetic differences
(e.g., among inbred mouse strains or between mutants and wild

types)3,4,12–14; however, when the genotypic differences in perfor-
mance on these tasks were compared across eight inbred strains of
mice, strain sensitivities showed only modest correlations among
tasks15. Thus, the tasks were not tapping a single underlying con-
struct, and ‘ataxia’ is not a simple, monolithic trait insofar as its
genetic contributions are concerned. Although strain sensitivities
were indeed well correlated for certain pairs and groups of tasks,
these clusters of common genetic influence bore no resemblance
whatsoever to the anthromorphically assigned characteristics of
specific tasks as reflecting ‘balance’ or ‘muscle strength,’ for example15.

Recently, a new test called the paw slip test was developed to
examine phencyclidine-induced ataxia in rats16. This task examined
the number of times a rat’s paw slipped through a standard operant
chamber floor consisting of a series of parallel metal rods. In 1975, a
similar procedure had been developed for mice called the grid test3.
Mice were tested for ethanol-induced motor incoordination on a 1-
cm wire mesh floor, and the number of times their paws slipped
through the floor was used as a measure of motor incoordination.
One advantage of the grid test is that it takes into account the
general locomotor activity of the mouse, which can be a potential
confound when comparing ataxic responses across multiple strains
of mice. The grid test revealed differences between two inbred
strains of mice, C57BL/6 and DBA/2 (which were also highly
divergent in the degree to which ethanol stimulated activity), by
expressing the ataxic response to ethanol as foot slips per unit
distance traveled during the test. Finally, the original grid test also
was sensitive to intoxication induced by sodium pentobarbital3. We
have developed a new mouse model of motor incoordination that
combines the positive features of the grid test and the paw slip test,
and we call it the parallel rod floor test17 (Fig. 1).

When procedures are adapted in a new laboratory, in many cases
only a single version of the apparatus and test protocol are used.
One advantage of the parallel rod floor test is that it appears to be
robust across fairly subtle changes in how the apparatus is config-
ured and used. For example, we systematically tested a number of
different rod diameters and inter-rod spacings to determine
whether these parameters influenced the pattern of sensitivity to
ethanol across eight inbred strains of mice. Almost all configura-
tions yielded interpretable data. An additional strength is that the
test showed dose-dependent sensitivity to ethanol across multiple
modestly intoxicating doses. A major advantage in the interpreta-
tion of drug effects and/or genetic differences is that the main
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dependent variable (foot slips per centi-
meter traveled in the apparatus) offers an
index of incoordination that is corrected for
differences in activity. As the number of foot
slips is highly correlated with activity, this
correction is necessary. (The grid test shares
this advantage with the parallel rod floor
test.) Overall, when we compared eight
inbred strains of mice for ethanol sensitivity
across four floor types, our results suggested
that the parallel rod floor test is a reliable
and robust measure of genetic contribu-
tions to ethanol-induced locomotor incoor-
dination because all variants of the test
yielded a similar strain sensitivity pattern17.
This is in contrast to several other measures
of ataxia, such as the rotarod, where the parameters of the task (e.g.,
rate of acceleration of rotation) have been shown to have large
effects on the pattern of strain sensitivity. For example, comparing
inbred strain data from an accelerating rod with those from the
same apparatus rotating at a fixed speed yielded unrelated patterns
of strain differences14.

One potential limitation to the use of this test is that it has thus
far been used to assess only ethanol-induced motor incoordination.
Although previous experience with the grid test suggests the new
test will have wide applicability across drugs with sedative effects,
this remains to be proven. The task also will need to be validated for
use with cerebellar mutant mice and genetically engineered geno-
types that may have a more extreme ataxia. For example, the
random hole alley test was reportedly sensitive to extreme ataxia in
staggerer mutant mice5, but we were unable to adapt this apparatus

to be sensitive to the modestly intoxicating effects of ethanol17.
Another aspect of this potential limitation is that certain genotypes
of mice behave extremely in the parallel rod floor test but not in
other tasks that assess ataxia. We found that 129S1/SvImJ inbreds
were so extremely sensitive to ethanol in the parallel rod floor test
that their data were hardly comparable to those from other strains,
even though this inbred strain is not extremely sensitive in many
other ataxia tests6,12. A final limitation is that this test is likely
measuring only one or a few aspects of motor incoordination, and
we remind the reader that multiple measures of ataxia are needed to
gain understanding of such a complex trait.

The procedures described below assume that multiple appara-
tuses are constructed and that mice are tested in groups, or squads,
to improve throughput. We describe the procedures for testing
sensitivity to 2 g kg–1 ethanol.

MATERIALS
REAGENTS
.Mice (e.g., inbred, outbred, mutant, genetically engineered) ! CAUTION

Experimenters must follow guidelines for the care and use of laboratory
animals and obtain prior approval for any behavioral testing from their
Institutional Animal Care and Use Committee.

.Saline

.20% (vol/vol) ethanol in saline

.10% isopropyl alcohol in water (vol/vol)
EQUIPMENT
.Stainless steel rods (1.6 mm in diameter)
.An acrylic frame (22.75 � 4 cm2)
.Four rubber stoppers (size 8)
.Stainless steel base plate (21 � 21.5 cm2)
.Acrylic box (15 � 15 � 20 cm3)
.Accuscan monitors (Accusan, Columbus, OH)
.Wood (5.08 � 10.16 � 40 cm3)
EQUIPMENT SETUP
Parallel rod floor apparatus A picture of the apparatus can be seen in Figure 1.
The parallel rod floor apparatus is assembled as follows. The floor consists of a
series of parallel stainless steel rods 1.6 mm in diameter with an inter-rod spacing
of 6 mm from the edge of one rod to the edge of the next rod. The rods are spaced
by drilling through an acrylic frame made from 22.75 � 4-cm2 side panels,
through which they extend 2–3 cm on each side. All rods should be connected
outside the acrylic frame by soldering a separate rod perpendicular to the others.
The other components are four rubber stoppers (size 8), a stainless steel base
plate (21 � 21.5 cm2) with an acrylic border that is raised 1 cm above the plate, a
clear acrylic box (15 � 15 � 20 cm3) with no bottom and a removable lid,
Accuscan activity monitors and associated hardware and software for recording
locomotor activity, wood (5.08 � 10.16 � 40 cm3) and an Apple IIe computer.

The base plate is placed in the center of the activity monitor. Four rubber
stoppers are placed under the base plate to raise the plate 2.5 cm off of the
floor of the activity monitor (this allows the attachment of the electrical clip
to the base plate). On top of the floor sits the acrylic box into which the ani-
mals are placed for testing (Fig. 1). The base plate and the parallel rod floor
are connected with electrical clips, one to each component. When the mouse’s
paw slips through the parallel metal rods and touches the base plate, it
completes a circuit and the contact is recorded as an error by an Apple IIE
computer. Our apparatus uses a version of the Accuscan monitor that has
eight IR beams evenly spaced along each wall of the activity monitor.
Standard 5.08 � 10.16-cm2 pieces of wood are used to elevate the activity
monitor so that the IR beams cross the apparatus approximately 1.5 cm
above the parallel rod floor. Make sure to place the floor in the center
of the activity monitor so that the two beams from the middle of
each wall of the locomotor activity chamber split the testing arena
equally.

Although we use an Apple IIE to count foot slip errors, any simple circuit
completion detection hardware and software can be substituted (e.g.,
lickometer circuitry for recording licks at a metal drinking spout). To record
activity, we used our existing Accuscan monitors and software. These moni-
tors are placed inside sound-attenuating chambers during the test. Any system
based on IR beam interruption should work. We see no reason that any
system based on videography would not work, provided that the mice to be
investigated were willing to stay in the acrylic box with the lid off (or that
the videographic system could record paths through the acrylic lid). For our
studies of different floor rod diameters and rod spacings, we constructed
separate floors with different rod diameters and inter-rod spacings.
A standard operant chamber floor may work fine, if available.
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Figure 1 | The parallel rod floor apparatus. (a) Diagram of the completed apparatus. (b) Photograph of

our apparatus. Figure 1b reproduced from ref. 17 with permission from Blackwell Publishing.
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PROCEDURE
Day 1
1| Move mice to the testing room 45–60 min before testing to acclimate them to the room (turn on the testing apparatus at
this point).

2| Set up the parallel rod floor apparatus and activity apparatus to record during a 15-min test (we collect locomotor data
during 5-min periods, and foot slip error data during 1-min periods).

3| Weigh mice from the first squad and place in small individual holding cages no more than 10 min before testing.

4| Prepare injections for the first squad of animals.

5| Inject saline (vehicle) intraperitoneally (volume based on 2 g kg–1 ethanol injection) and place mouse immediately
into the center of the parallel rod floor apparatus. Start Accuscan monitor, close sound-attenuating chamber and start the
error-counting program.
? TROUBLESHOOTING

6| When the test is complete, remove the mouse from the chamber and place into its home cage. Clean the parallel rod floor
and base plate of fecal boli and urine. Wipe well with 10% isopropyl alcohol.

7| Repeat Steps 3–6 for any remaining mice to be tested that day.

8| Move mice back to the colony room.

Day 2
9| Repeat Steps 1–8.

Day 3
10| Repeat Steps 1–8, as performed on days 1 and 2, except at Step 5 inject 2 g kg–1 ethanol (20% vol/vol) intraperitoneally
and place the mouse immediately into the center of the parallel rod floor apparatus.

� TIMING
Steps 1–2: 45–60 min per day for 3 consecutive days
Step 3: 30 s per animal for 3 consecutive days
Step 4: 30 s per animal for 3 consecutive days
Step 5: 45 s per animal for 3 consecutive days
Step 6: 2 min per animal for 3 consecutive days
Step 7: varies depending on number of mice tested per day for 3 consecutive days
Step 8: 5 min for 3 consecutive days

? TROUBLESHOOTING
Troubleshooting advice can be found in Table 1.
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TABLE 1 | Troubleshooting table.

Step Problem Possible reason(s) Potential solution(s)

5 Very low foot slip error score Genotype is very inactive Can a different genotype be used?
Drug dose is too low Increase dose
Apparatus has not been cleaned thoroughly—urine or
fecal boli remain on the apparatus, making it harder to
connect a circuit

Clean the apparatus

Very low activity scores Genotype is very inactive Can a different genotype be used?
Drug dose is too low or too high Increase or decrease dose
Drug has been mixed wrongly Try again

Extremely high activity in first
5 min, no activity thereafter

Drug dose is too high so that animal has become too
intoxicated to move

Lower the dose

Data do not make sense
(very low activity, high errors)

Animal has collapsed with foot through floor Lower the dose

Fecal bolus is touching both the floor and the base plate Clean the apparatus
Dried urine on rods renders foot contacts ineffective Clean the apparatus

Mice fall between the rods These are pups, not mice Use adult mice
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ANTICIPATED RESULTS
The parallel rod floor test yields two dependent variables: number of errors (foot slips) and horizontal distance traveled (cm).
We recommend using a ratio (errors per cm traveled � 100) to index ataxia in this apparatus corrected for individual differences
in activity. In a panel of eight inbred strains, we observed ataxia ratios ranging from 7 to 112 across all animals tested, with
strain means ranging from 18 to 39 after 2 g kg–1 ethanol (individual strain means can be obtained by visiting The Jackson
Laboratory’s Mouse Phenome Database, http://phenome.jax.org/pub-cgi/phenome/mpdcgi?rtn¼docs/home)17; mice given
higher doses of alcohol or mutants with greater impairment of motor coordination may show higher ataxia ratios.

We used 2 d of habituation to the effects of saline in this test before testing for drug effects. This is partly for historical rea-
sons and partly because our interest was to index inbred strain differences. In studies of the acute effects of drugs on locomotor
activity in our laboratories, we have seen that mouse inbred strains differ greatly in their intrinsic activity. Indeed, strain differ-
ences in activity in a novel apparatus are among the most well characterized, and the most stable, in behavioral genetics18. We
have also seen that with repeated short tests, many strains show pronounced declines in activity and exploration, whereas
others maintain a rather high level of activity across repeated tests. We have concluded that the best way to index strain differ-
ences in response to ethanol-induced locomotor stimulation or sedation is to habituate the strains to be compared to the appa-
ratus before testing with drug. We have also adopted this practice when exploring other ataxia tests that depend on locomotion
(e.g., the grid test). As a result, we adopted a protocol that begins by habituating the animals to the apparatus. It may be that
the parallel rod floor test would have given us very similar outcomes if animals had been tested for drug sensitivity without
habituation. However, this would have necessitated use of a between-groups design, doubling the cost (the inbred strains we
tested cost on average $26 per mouse). Although we have adopted a 2 d habituation procedure, it should be noted that other
strains may require more time to habituate to the procedure. Pilot studies may be warranted to determine the optimal number
of days required to habituate animals to the test.

Although we used a between-groups design to look at differences among inbred strains to keep cost down, we certainly feel
that this protocol could be adapted to experiments benefiting from a within-subject analysis. The eight inbred strains we tested
exhibited a low amount of motor incoordination in the absence of ethanol. Other animals, such as those used for neurologic dis-
ease models, may exhibit ataxia under basal conditions, and researchers may be interested in pharmacological treatment of such
animals. In these cases a within-subjects design may be useful to examine a reduction in motor incoordination. Although such
experiments are possible, one must also take into account the effect of multiple tests. In our published data for inbred strains,
experiments 3 and 4 included repeated testing of the animals on the same or different floor types. We saw reasonable test–retest
reliability in the former case, and the same patterns of strain differences in the latter, which suggests that repeated testing on
the parallel rod floor apparatus should be feasible17.

We have examined only adult mice in this task. We found no evidence for sex differences in our studies17; however, we have
no idea whether similar results would be obtained with younger or older mice. For very young mice, the apparatus would clearly
need to be rescaled, in terms of both rod spacing and height above the stainless steel plate.

We have not indicated any steps in the PROCEDURE as ‘‘Critical.’’ This simply reflects our ignorance about which are actually
critical. We believe that all aspects of husbandry, handling and procedural details surrounding the test environment, including
the specific experimenter conducting the tests (see ref. 19 for protocol on these topics), potentially have large influences on
the outcomes20. There is ample evidence to support this belief in the outcomes obtained in mouse behavioral tests21–23.
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