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Ladder Treadmill: A Method to Assess Locomotion in Cats
with an Intact or Lesioned Spinal Cord

X Manuel Escalona, Hugo Delivet-Mongrain, Aritra Kundu, X Jean-Pierre Gossard, and Serge Rossignol
Groupe de Recherche sur le Système Nerveux Central, Department of Neurosciences, Université de Montréal, Montreal, Quebec H3T 1J4, Canada

After lesions of the CNS, locomotor abilities of animals (mainly cats) are often assessed on a simple flat treadmill (FTM), which imposes
little demands on supraspinal structures as is the case when walking on targets. Therefore, the aims of the present work were as follows:
(1) to develop a treadmill allowing the assessment of locomotion of intact cats required to place the paws on the rungs of a moving ladder
treadmill (LTM); (2) to assess the capability of cats after a unilateral spinal hemisection at T10 to cope with such a demanding locomotor
task; and (3) to regularly train cats for 6 weeks on the LTM to determine whether such regular training improves locomotor recovery on
the FTM. A significant improvement would indicate that LTM training maximizes the contribution of spinal locomotor circuits as well as
remnant supraspinal inputs. Together, we used 9 cats (7 females, 2 males). Six were used to compare the EMG and kinematic locomotor
characteristics during walking on the FTM and LTM. We found that the swing phase during LTM walking was slightly enhanced as well as
some specific activity of knee flexor muscles. Fore-hindlimb coupling favored a more stable diagonal coupling. These 6 cats were then
hemispinalized and trained for 6 weeks on the LTM, whereas the 3 other cats were hemispinalized and trained solely on the FTM to
compare the two training regimens. Intensive LTM training after hemisection was found to change features of locomotion, such as the
foot trajectory as well as diminished paw drag often observed after hemisection.
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Introduction
Locomotor training on a treadmill or a walkway after spinal cord
injury has become a widespread rehabilitation approach in ani-
mal models (Edgerton et al., 2001; Alluin et al., 2014; Rossignol et
al., 2015) as well as in humans (Dietz, 1995; Harkema, 2001;
Barbeau et al., 2002; Field-Fote et al., 2005; Harkema et al., 2011;

A. C. Smith et al., 2014). As reviewed previously (Edgerton et al.,
2001; Rossignol et al., 2015), among the benefits of such training,
in which step cycles are repeated for several minutes each day for
several consecutive weeks, are the increase of muscle force output
(Hodgson et al., 1994) and endurance (De Leon et al., 1999) as
well as a strengthening of spinal locomotor circuitry whose rhythmic
activity can be recorded even after paralysis during fictive loco-
motion without drug stimulation (Pearson and Rossignol, 1991).
Long-term locomotor training can progressively influence the
evolution and quality of the locomotor pattern in cats (Barbeau
and Rossignol, 1987). Furthermore, it is possible to train specific
motor patterns (e.g., walking vs standing) (Edgerton et al., 1997;
De Leon et al., 1998). In the case of spinal animals, repetition of
the same movements may, through the activation of movement-
related afferent feedback, induce the necessary plastic modifica-
tions of intrinsic spinal locomotor circuits.

After partial spinal cord lesions, treadmill training also affects
the characteristics and quality of walking through more complex
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Significance Statement

This paper introduces a method (ladder treadmill [LTM]) to study the locomotor ability of cats with an intact spinal cord or after
a unilateral hemisection to walk with a precise foot placement on the rungs fixed to an ordinary flat treadmill (FTM). Because cats
are compared in various conditions (intact or hemisected at different time points) in the same enclosure on the FTM and the LTM,
the changes in averaged locomotor characteristics must reflect the specificity of the task and the neurological states. Furthermore,
the ladder treadmill permits to train cats repetitively for weeks and observe whether training regimens (FTM or LTM) can induce
durable changes in the parameters of locomotion.
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mechanisms because not only spinal circuits but also remnant
descending/ascending pathways may participate in controlling
locomotor recovery. Locomotor training is usually limited to re-
petitive simple locomotor movements on a flat treadmill (FTM).
In our own studies of cats after a unilateral hemisection, recovery
of quadrupedal locomotion was remarkable. Some minor remaining
deficits, such as foot drag and asymmetrical hindlimb coupling,
could largely be corrected with daily locomotor training on the
ordinary FTM (Barrière et al., 2008, 2010; Martinez et al., 2011).
However, we did not investigate systematically the capacity of
these animals to walk voluntarily on specific targets or avoid
obstacles that require supraspinal visual inputs. Work in cats
(Lavoie et al., 1995; Drew et al., 2008; Farrell et al., 2015) and
humans (Patla et al., 1991) has shown the critical importance of
direct or indirect cortical mechanisms in controlling precision
walking; these mechanisms could participate in the recovery of
hemisected cats. We thus developed a repetitive locomotor task
that requires some precision walking as previously shown by pre-
vious work in a different context and for different needs (Amos et
al., 1987; Armstrong and Marple-Horvat, 1996).

We designed a ladder treadmill (LTM) to assess locomotion in
cats that could be trained for several minutes every day in a con-
dition requiring a repetitive accurate placement of all feet on
rungs fixed to our ordinary FTM belt. By removing the rungs, we
could also assess and compare locomotor characteristics (kine-
matics, electromyography) on the LTM and FTM within the
same enclosure and in the same experimental recording session
on any given day. Furthermore, cats could be filmed and re-
corded continuously at a fixed position relative to the treadmill
enclosure, allowing averaging of data over 14 –20 steps at the
same location in each condition. After establishing the baseline
values comparing FTM and LTM walking in a group of control
cats, 9 cats were further submitted to a unilateral spinal hemisec-
tion at T10. Three of the 9 cats were daily trained on the FTM
exclusively, whereas the 6 other cats were trained on the LTM for
up to 42 d. Some task-specific electromyographic and kinematics
changes were observed, suggesting that some task-dependent lo-
comotor features can be long lasting.

It is thought that comparing locomotion and its recovery on
an LTM and or FTM will improve our understanding of normal
locomotor control as well as better characterize impairments af-
ter specific lesions of the CNS. The possibility of averaging several
consecutive step cycles in the same environment while imposing
various locomotor demands should facilitate such quantitative
comparisons.

Materials and Methods
Animal care. All procedures followed a protocol approved by the Ethics
Committee at the Université de Montréal, according to the Canadian
guide for the care and use of experimental animals. The well-being of the
cats was monitored daily and verified regularly by a veterinarian. After
EMG implantation and spinal lesions (see below), cats were housed in
individual cages (104 � 76 � 94 cm) with food and water ad libitum.
Such housing limits self-training outside the locomotor training sessions.

LTM. Quadrangular hard foam rungs (35 cm length, 5 cm width, and
5 cm height) were attached perpendicularly to the treadmill belt on which
Velcro bands were glued on each side. Rungs were spaced 6 – 8 cm apart
to match the most regular sequences of step length (i.e., the spacing that
allowed a given cat to consistently place the paws at every two rungs; see
Fig. 1A).

Experimental paradigm. Adult cats (n � 9; 2 males, 7 females), weigh-
ing 3.3– 4 kg, were first selected for their ability to walk regularly for
several minutes (15–30 min) on the FTM and on the LTM. Figure 1B
illustrates the sequence of events of the training paradigm. EMG elec-

trodes were implanted in representative flexor and extensor muscles of
the forelimbs and hindlimbs bilaterally. After EMG implantation, two
testing sessions were made to verify the quality of the EMG signals and
locomotor movements. Then, kinematic and EMG values in the two
conditions (FTM or LTM) were recorded on the same day for each cat
and at the same speed (0.5 m/s). After collecting baseline values on the
FTM, a left hemisection was performed at thoracic 10 (T10 vertebra). For
the next 6 weeks, 6 cats were trained on the LTM and the 3 others on the
FTM, 5 times a week for 30 min. Once a week, the stepping patterns
(EMG, kinematics) were recorded together with synchronized videos at
0.5 m/s on the FTM and on the LTM. The outcome, the stepping perfor-
mance on the FTM, was recorded, analyzed, and compared for both
groups of cats. Significant differences between the two groups were taken
as evidence for specific training-related plasticity.

Spinal lesions. The general procedure for spinal lesions was similar to
that described in our previous studies (Barrière et al., 2008; Martinez et
al., 2011). T10-T11 vertebrae were exposed, and a small laminectomy was
performed to approach the spinal cord dorsally. A small incision of the
dura was first made, and a few drops of a local anesthetic (2% xylocaine)
were injected on the top of, and directly into, the targeted segment to
reduce the shock of sectioning. Hemisections on the left side were
achieved with micro-scissors under a microscope. The wound was then
closed in anatomic layers.

Surgical procedures. All surgical procedures for electrode implantation
were done under general anesthesia and aseptic conditions as described
previously (Martinez et al., 2013). Briefly, animals were first premedi-
cated with Atravet (0.1 mg/kg), glycopyrrolate (0.01 mg/kg), and ket-
amine (10 mg/kg). An endotracheal tube was then inserted for gaseous
anesthesia (mixture of O2 and isoflurane 2%).

EMG implantations. Cats were chronically implanted with intramus-
cular electrodes to record EMG activity from flexor and extensor muscles
in the hindlimb and forelimb on both sides. The implanted muscles were
semitendinosus (knee flexor and hip extensor), sartorius (hip flexion and
knee extension), vastus lateralis (VL; knee extensor), gastrocnemius me-
dialis (GM; ankle extensor and knee flexor), tibialis anterior (ankle
flexor), extensor digitorum brevis (EDB; dorsiflexor of the hindpaw dig-
its), triceps brachii (elbow extensor), and biceps brachii (elbow flexor).
Electrodes were led subcutaneously to two 15-pinhead connectors se-
cured to the cranium using acrylic cement. Heart rate and respiration
were monitored throughout the surgeries. At 24 h before surgery, an
antibiotic (Convenia, 8 mg/kg) was administered subcutaneously. Before
the end of surgery, an analgesic (buprenorphine, 0.01 mg/kg) was admin-
istered subcutaneously. Additionally, a fentanyl patch (25 �g/h) was
sutured to the skin to alleviate pain for �5 d.

Kinematic and EMG recordings. During episodes of locomotion, the
stepping patterns of cats were recorded on video from the left side with a
digital camera and the data stored on a hard disk. Video images (30 Hz)
were deinterlaced to yield a resolution of 60 fields/s or 16.6 ms between
fields. Reflective markers were placed over the iliac crest, greater trochan-
ter, lateral malleolus, metatarsophalangeal (MTP) joint, and one at the
tip of the toes of the left hindlimb (LH) (see Fig. 1A). This last marker was
used to visually tag foot contact and lift off on video images and deter-
mine the swing and stance phases. It also allowed us to study the left paw
trajectory during the swing phase. For the forelimbs, manually placed
reflective markers were also used to identify foot contacts and lift off.

The amplified (Lynx-8 amplifiers, Neuralynx) and filtered (bandwidth
100 Hz to 3 kHz) EMG signals were digitized at 1 kHz (NI-6071E, Na-
tional Instruments) and stored in a computer. Kinematic and EMG re-
cordings were synchronized using a Society of Motion Picture and
Television Engineers time code generator.

Kinematics and EMG analyses. Step cycle duration. Step cycle duration
represents the time between two successive contacts of the same foot on
the treadmill, whereas the stance duration refers to the time between foot
contact and toe off, which corresponds to the initiation of the swing
phase of a single limb. To avoid bias from subtle changes in the walking
speed or unintentional displacements of the camera, the x coordinates of
the toe point were normalized to the hip marker fixed to the iliac crest.
This ensured that all angular measurements were referred to the same
point in space in the x-axis.
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Step length. Step length was calculated using the foot contact, which was
tagged manually on the first frame when the foot contacted the treadmill
surface or the rungs. The distance traveled by the toe between two successive
paw contacts of the same limb was defined as the step length.

Angular excursions. For each session, joints angles of the hip, knee,
ankle, and MTP joints (see Fig. 1A) and foot lifts/contacts were recon-
structed from video images. Then, kinematics was reconstructed from
the x-y coordinates of each marker using custom-made software allowing
the calculation of the joint angular displacement and the display of the
joint excursions. The kinematic model used (direction of flexion/exten-
sion for each joint) is detailed in Figure 1A. Examples are illustrated in
Figure 2A–C showing joint flexion represented by a downward deflection
of the traces for each joint. Figure 2D, on the other hand, represents the
frame-by-frame reconstruction of the videos allowing to visualize the
overall movement of the limbs in a stick figure format achieved by con-
necting each joint sequentially.

Paw trajectory. To assess more precisely the trajectory of the toe in the
sagittal plane throughout the swing phase, the x-y coordinates of the toe
reflective marker were extracted from the video data to obtain a normal-
ized (in relation to the x-axis and with respect to the hip point) average
trajectory of the toes in a 2D plane. This normalization thus allowed to
directly compare trajectories when walking on the FTM or LTM before
and after spinal hemisection.

Coordination between forelimbs and hindlimbs. The coordination be-
tween forelimbs and hindlimbs (i.e., homolateral coordination) and be-
tween hindlimbs or both forelimbs (i.e., homologous coordination) was
evaluated in the following manner: the period of stance was normalized
to 1 and measured for individual limbs; 0 indicates the LH foot contact.
The beginning and end of the stance period were displayed as colored
rectangles (each limb with a specific color) (see, e.g., Fig. 4). A coupling
value of 0.5 meant that the paw contact of a limb occurs at 50% of the step
cycle of the reference LH.

“Walking gaits.” “Walking gaits” were identified by the periods of the
duty cycles, averaged over 15–20 steps, where 2 or more paws were in
contact on the belt or on the rungs. The bipod gait (defined as a gait with
2 paws in contact with the ground simultaneously) was divided accord-
ing to the relationship between paws, as in Hildebrand (1976). A “homo-
lateral” couplet was defined as the period where both forepaw and
hindpaw on the same side of the body made contact on the treadmill at
the same time, whereas a “diagonal” couplet was one in which the paws
contacted the treadmill on opposite sides of the body. Tripod gait (peri-
ods where 3 paws were in contact with the treadmill or rungs) were
divided into the following: tripod anterior (both forepaws and one hind-
paw) and tripod posterior (both hindpaws and one forepaw). The two
combinations were amalgamated in tripod gaits regardless of the side of
the paws.
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Figure 1. Schematic overview of the LTM setup and experimental protocol. A, Left side view of a cat walking on the LTM belt (arrows below the belt indicate the direction of movement) where
measurements and spacing between the rungs are shown. Pairs of bipolar EMG wires are implanted into various muscles of the hindlimbs and forelimbs (only one pair is represented here for each
limb on the left side) and soldered to a multipin connector cemented to the skull. A digital time code (Society of Motion Picture and Television Engineers) is used to synchronize video and EMG
recordings. Reflective markers are placed at the pivotal point of the various joints and the angles measured according to the kinematic model represented. B, After a period of habituation of 4 weeks,
a left hemisection of the spinal cord was performed at T10. Four days after the spinal lesion, cats were trained during 30 min, 5 d a week to walk on the LTM or on the FTM, and were recorded once
every week for 42 d. At the end of the experimental series, cats were prepared to record fictive locomotion, but the results are not discussed here.
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Foot drag. Foot drag was quantified as the period of time where the
dorsal part of the distal phalanx of a given hindpaw dragged over the
treadmill belt during the early swing phase. To compare both training
methods, cats were regrouped by the similarity of their spinal lesions as
evaluated by histological analyses.

EMG burst duration. EMG burst duration was calculated as the time
between onset and offset of a single muscle activity. The EMG burst onset
and offset were determined using custom-made software that detects the
level of EMG signals with precision and average values over several (15–
20) cycles and were visually verified. Some muscles, such as semitendi-
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Figure 2. A–C, Averaged angular excursion of the hip, knee, ankle, and MTP joints of the LH synchronized on the left paw contact for 3 cats on the FTM (black lines) and on the LTM (red lines).
In each group of black and red curves, middle curve indicates the average; curves above and below indicate 1 SD above and 1 SD below the average, respectively. D, Stick figures of swing and stance
phase from one step cycle of the LH of Cat 1 at 0.5 m/s on the FTM and on the LTM.

5432 • J. Neurosci., May 31, 2017 • 37(22):5429 –5446 Escalona et al. • Ladder Treadmill Locomotion



nosus or EDB, often have two distinct bursts per cycle, and each could be
detected and analyzed separately. The EMG signals were also rectified
and integrated allowing measurements of the area under the curve and
quantify the amplitude of the activity.

Histology. Six weeks after the hemisection, cats were given a lethal dose
of intravenous pentobarbital sodium solution. A piece of spinal cord seg-
ment between T8 and L1 (to include the hemisection and nonlesioned
tissue) was carefully dissected out and fixed in 10% PFA for several
weeks. The blocks were cryoprotected by successive transfers into in-
creasing concentrations (10%, 20%, and 30%) of sucrose solution in
0.1 M phosphate buffer for 72 h at 4°C. For histological examination, the
spinal cord was frozen and 40-�m-thick coronal sections of a spinal cord
segment of 4 mm centered on the lesion were taken using a cryostat.
Every section was mounted on a slide and stained with cresyl violet. Using
microscopy, the areas of damage delineated from all the coronal sections
in which the lesion was visible (see Fig. 7).

Statistics. Individual kinematic data (step cycle characteristics, angular
excursions, foot trajectories, walking gaits) from each animal were aver-
aged from a minimum of 14 consecutive locomotor cycles. Statistical
analyses of kinematics were performed using SigmaPlot software (Systat
Software). A Student‘s t test was first used within each animal to deter-
mine whether behavior of analyzed kinematic variables comparing FTM
and LTM was consistent among cats. For step length and cycle duration,
all cats were pooled to obtain mean values. After spinal lesion, values for
cycle duration were presented as a percentage of the FTM values obtained
in the same cats before spinal lesion. For EMG duration and amplitude,
mean values for each cat were normalized according to the FTM values
for the same cat. LTM values are presented as a percentage of the FTM
values (which represents a fixed value of 100%) to reduce bias in voltage
values on EMG discharges due to differences in electrode positions or
intrinsic muscle differences between cats. For the foot drag, a Student’s t
test was used to determine whether foot drag was significantly different
with FTM or LTM. When data showed non-normal distribution, the
nonparametric U test of Mann–Whitney was used, as equivalent of the
parametric t test. Two-way ANOVA tests were used to compare groups
and for different delays after spinal hemisections. In all figures, statistical
significance between conditions is indicated by an asterisk. To compare
the performances on the FTM and LTM stepping, a p value of �0.05 was
considered statistically significant. Results are presented as mean � SE.

Results
Results are presented in three sections. The first describes and
compares the kinematics and EMG characteristics of cats with an
intact spinal cord walking on the FTM and on the LTM. The
second section details how cats with a unilateral spinal hemisec-
tion walk on the FTM and LTM. The third section evaluates the
effects of locomotor training on FTM and LTM over a period of
42 d after the hemilesion on the locomotor pattern of the FTM.
Figure 1B illustrates graphically the timeline of the complete par-
adigm. Cats 1–3, 5–7 were trained on the LTM, whereas Cats
8 –10 were trained on the FTM.

Locomotion of cats with an intact spinal cord on an FTM or
on an LTM
Experiments were conducted in 6 adult cats with an intact spinal
cord, which could maintain several consecutive and regular steps at
0.5 m/s. They were habituated daily for 4 weeks to walk alternately on
the FTM or the LTM or until they learned both tasks, at which time
training sessions were performed only at every 2 or 3 d. The walking
patterns of 15–20 consecutive steps on the FTM and LTM were
collected (kinematics and EMGs) on the same day. Therefore, the
data represent stable behaviors for each cat in both conditions allow-
ing a direct comparison of EMG and kinematics between both tasks.

The task on the LTM clearly required a visual input because
cats relied heavily on seeing the coming rungs through the clear
Plexiglas at the front of the treadmill enclosure. When simply

inserting a cardboard in front to block the view, the cat moved
back with the treadmill to ensure it could see 3 or 4 rungs ahead.

Step cycle characteristics
CatsweregentlyencouragedtowalkontheLTM,makingsure that they
feltcomfortableplacingconsecutivelyall thefeetontherungsforseveral
successivecycles.It is importantatthisearlystagetoavoidadverseevents
that could compromise the rest of the experiments. The speed of the
treadmill was gradually increased and cats could comfortably correct
their stepping when one or more feet were placed between rungs. The
distance between rungs was fixed for each cat of different sizes to
accommodate their most comfortable step length. The averages of
step length and step duration while walking on the FTM or the LTM
were not statistically different for the 6 cats compared on the same
day and at the same walking speed. Even lengths and duration for
swing and stance on the left and right sides were not statistically
different (paired t test, p � 0.05). This was deemed important to
ensure that changes in angular excursion or EMG activity were re-
lated to the demands of the walking tasks on the LTM and FTM and
not to changes in the basic locomotor characteristics.

Angular excursions and foot trajectory
Figure 2 shows the angular excursions of the LH (facing the cam-
era) during normal stepping on an LTM (red lines) and on the
FTM (blacklines) for 3 cats. Angular excursions were superim-
posed and synchronized on the contact of the left hindpaw to
visually compare the two tasks. Although the overall angular ex-
cursions on the LTM and FTM followed a similar shape (which
was somewhat unexpected given the different demands of both
tasks), there were significant differences in the maximum ampli-
tude for all angles in all cats, except more distal joints in Cat 6
(Table 1). The most important change was an increase in knee
and/or ankle peak flexion on the LTM. This occurred in the mid-
dle and later part of the swing phase, before contacting the rungs
and right at the beginning of the stance phase where a yield at the
ankle started and was prolonged for the greatest part of the stance
phase (for yield at the ankle for the 3 cats, see Fig. 2A–C, black

Table 1. Total amplitude of angular excursions of the hindlimb joints in degreesa

Cat 1 Cat 2 Cat 3

FTM LTM FTM LTM FTM LTM

Hip joint
53 � 2 59 � 2*** 54 � 3 69 � 3*** 43 � 3 48 � 7*

Knee joint
36 � 3 42 � 3*** 31 � 5 44 � 3*** 26 � 4 33 � 5***

Ankle joint
40 � 3 58 � 2*** 48 � 7 66 � 4*** 35 � 5 44 � 6***

MTP joint
68 � 2 82 � 4*** 79 � 3 87 � 5*** 69 � 5 86 � 11***

Cat 5 Cat 6 Cat 7

FTM LTM FTM LTM FTM LTM

Hip joint
50 � 2 47 � 2*** 38 � 2 43 � 1*** 47 � 2 58 � 3***

Knee joint
25 � 2 37 � 3*** 27 � 2 28 � 2 31 � 1 34 � 2***

Ankle joint
31 � 1 33 � 2* 44 � 4 44 � 3 31 � 2 46 � 4***

MTP joint
68 � 4 75 � 4*** 86 � 6 87 � 5 79 � 5 84 � 4***

aValues are mean � SE.

*p � 0.05; ***p � 0.001.
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arrows). Stick figures derived from sequences on FTM and LTM
were quite similar (Fig. 2D, Cat 1).

Sometimes, combined small changes in amplitude in the ex-
cursion of proximal joints can lead to significant distal changes,
such as in paw trajectories. Fig. 3 shows that the overall horizontal
distance of the toe marker, from foot lift to foot contact, mea-
sured with respect to the hip position set at zero was remarkably
similar in both walking tasks. However, in 3 of 5 cats, the vertical
displacement of the toes on the LTM (red lines), especially at
around the middle of the swing (0 mm on abscissa), was in-
creased. For example, in Cat 5, the combination of small angular
changes in the knee and ankle (Fig. 2B) resulted in a higher ver-

tical displacement of the toe during swing of �7 mm when walk-
ing on LTM compared with FTM.

Figure 3 also shows that, before foot contact, the marker at the tip
of the toes was displaced slightly upward before being brought
downward and slightly backward just before contact with either the
surface of the FTM or LTM rungs. This gave rise to a characteristic
“hook” shape terminal trajectory, suggesting a precise control of the
toes just before contact. This was seen in 5 of 6 cats (Fig. 3, arrows).

Interlimb coupling and walking gaits
Figure 4 illustrates the interlimb coupling in both walking con-
ditions using gait diagrams as well as footfall patterns (top mid-
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dle, inset, limbs color-coded); the sequence of foot contacts is LH
(red), left forelimb (LF, blue), right hindlimb (RH, yellow), and
right forelimb (RF, green), which is the usual pattern of cat loco-
motion. This sequence was maintained for both FTM and LTM.
There was a strict alternation (0.5 phase) between homologous
forelimbs and hindlimbs. However, the hindlimb–forelimb cou-
plings were changed on LTM so that the forelimbs contacted the
rungs later than they do on the FTM. This change in homolateral
coupling resulted in a difference in the number of paws simulta-
neously in contact with the rungs on the LTM or the FTM. For
example, the time interval between the lift of LF (blue) and LH
contact (red) is on average larger on the FTM than on the LTM, as
will be detailed below. This corresponds to periods where only
the RF and RH (homologous limbs) are in contact with the
treadmill.

In Figure 4A, B, vertical bars (violet and brown) represent
periods (expressed as percentage of the step cycles) where two feet
are in contact with the belt (brown for diagonal gait, violet for
lateral gait). The footfall patterns (Fig. 4B) show that bipod cou-
plings were quantitatively different in FTM and LTM: on the
FTM, the percentage of the duty cycle devoted to lateral couplets
(violet bars) is 26.4%, whereas, on the LTM, diagonal couplets
(thick brown bars) predominate (22.8%) (Student’s t test, p �
0.05). Therefore, during LTM, more time was spent with three
feet in contact with ground than during FTM walking, probably
to increase stability in the more challenging walking task.

The blocks of horizontal bars below the footfall patterns for
FTM (on the left) and LTM (on the right) illustrate that diagonal
and lateral couplets are symmetrical on both sides despite the fact
that diagonal couplings are more frequent in LTM conditions.

EMG activity
There were some consistent changes (in amplitude and/or time
profile) in the EMG activity of specific muscles. Figure 5 illus-
trates some of these changes for the LH and forelimb. EMGs are
rectified, superimposed, and synchronized to the contact of the
respective limb (black lines indicate FTM; red lines indicate
LTM). Mean amplitude and mean duration of EMG bursts for
each implanted muscle in all cats, expressed as a percentage of
respective baseline values, are shown in Figure 6.

Hindlimb flexor muscles
The semitendinosus, a bifunctional muscle acting as a knee flexor
and a hip extensor, has a particular activity pattern consisting of
two bursts during the swing phase. The first and largest burst has
a sudden onset occurring around paw lift; and a second shorter
burst, which is not always present at very low speeds, precedes
paw contact (J. L. Smith et al., 1993).

Although the duration of the first semitendinosus burst (Fig.
6C) showed no significant difference between the two tasks, the
overall amplitude of the “integrated” first burst was statistically
larger (Fig. 6A) on the LTM (paired t test; p � 0.05). More re-
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markably, the amplitude and duration of the second semitendi-
nosus burst just before foot contact (Figs. 5A, black arrow) were
almost doubled on the LTM compared with the FTM (paired t
test; p � 0.05). Tibialis anterior and sartorius muscles showed no
changes in shape, duration, and amplitude on the LTM in 3 of the
cats in which the recordings were very clear.

EDB muscle has a special activity in locomotion. It is activated
during the first extension phase, but it does not relax immediately
after the foot contact as the rest of the flexors. For simplicity, we
refer to it in this manuscript as a “flexor.” Actually, EDB presents
2 bursts of activity (Fig. 5B, black arrows) synchronized in time
with those of the semitendinosus (Engberg and Lundberg, 1969).
We found that EDB’s first burst showed a more variable discharge
pattern during FTM locomotion (i.e., there were cycles where this
first burst was absent). Therefore, the average shown in Figure 6A
might be misleading because it includes cycles where EDB was
present, very small, or absent. By contrast, on the LTM, EDB
activity was always present and showed the characteristic double
burst. The second EDB burst, which was always present in both
conditions, showed a significant increase in amplitude on the
LTM (paired t test, p � 0.05) but showed no change in duration.

Hindlimb extensor muscles
The activity of the knee extensor muscle VL showed a significant
increase in amplitude (Fig. 5, VL traces, black arrow) on the LTM
(paired t test, p � 0.05) presumably to increase support during
the stance phase while the fellow hindlimb swings forward. There
were no significant changes in duration despite a somewhat later

offset of the burst in this example. The
increase in VL activity probably helps to
offset the clear yield seen at the ankle (Fig.
2A, 3 arrows). The ankle extensor GM
muscle showed no significant change of
amplitude or duration (Fig. 6 B, D). In
agreement with previous experiments
(Engberg and Lundberg, 1969; Gorassini
et al., 1994) illustrating that EMG activity
before foot contact is centrally prepro-
grammed, the precontact activity of GM
was not apparently changed in the LTM
condition.

EMG activities in many muscles also
showed some time shifting (i.e., changes
in the onsets and offsets of bursts, Fig.
5A). For instance, the onset of the first
burst in semitendinosus occurred earlier
(backward shift) during LTM (Fig. 5A,
gray arrow) but ended at the same time as
on the FTM. The VL bursts started at the
same time but ended somewhat later.

Forelimb flexor and extensor muscles
The amplitude and duration of biceps
brachii muscle activity were both signifi-
cantly increased in LTM stepping (Figs.
5C, 6A,C, black arrows) compared with
FTM (paired t test; p � 0.05). Biceps
brachii muscle also showed an earlier dis-
charge on the LTM (Fig. 5C, gray arrow).
The larger and somewhat delayed burst
may correspond to the later contact of the
forelimb during LTM walking (see Inter-
limb coupling and walking gaits). Triceps

brachii muscle’s burst amplitude and duration showed no signif-
icant changes on the LTM (Figs. 5C, 6B,D).

Locomotion on the FTM of cats with unilateral hemisection
The second aim of the project was to investigate the capacity of
cats with a spinal hemisection to walk LTM using their remnant
spinal pathways.

Hemisected cats were divided into two groups. For 6 weeks, 6
cats (Cats 1–3, 5–7) were submitted to training exclusively on the
LTM, whereas 3 other cats (Cats 8 –10) were trained exclusively
on the FTM. Once a week after the hemisection, the stepping
performance of all cats was recorded on the FTM (the “out-
come”). This allowed a direct comparison of kinematics and
EMG activities for both groups submitted to different training
regimens.

Histological assessment
Figure 7 shows outlines of coronal spinal cord sections from his-
tological microscopic observations. White areas represent the
spared nondamaged white matter, whereas black represents the
gray matter. Gray represents lesioned matter, whereas void areas
represent tissue lost in histological processing. In all cats, impor-
tant damage of the left side, sparing only a small portion of the
ventral quadrant except for Cats 2 and 5, was observed. Cat 6
showed the smallest lesion with all gray matter spared bilaterally,
whereas Cat 5 showed the largest lesion encroaching on the right
side. Also, Cats 1 and 8 presented quite similar lesions and will be
used for some comparisons.

Cat 1

Cat 9Cat 8

Cat 2 Cat 3

Cat 5

Cat 10

Cat 7

Ladder treadmill trained cats

Flat treadmill trained cats
RL

V

D

Cat 6

Figure 7. Schematic drawings of the hemisections at T10 of individual cats taken from Nissl slices. Gray represents damaged
tissue. Black represents gray matter. D, Dorsal; V, ventral; L, left; R, right.
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Stepping and recovery of paw placement on rungs during
LTM training
Locomotion on the LTM varied among cats and, with time after
the hemisection on the left side, on the amount of locomotor
training. The description will focus mainly on the LH innervated
by spinal segments below the lesion. Figure 8 illustrates three
examples of locomotor sequences on the LTM. Figure 8A repre-
sents Cat 3 (14 d after lesion, walking irregularly with the LH on
the rungs, between the rungs, or sliding on one rung to contact
the treadmill between two rungs). Fig. 8 shows Cat 7, 14 d after
hemisection, with its LH walking comfortably and regularly be-

tween rungs. The regularity of the stepping indicates that this was
a precise voluntary modification even though the foot contact
was not on the rungs themselves (i.e., this pattern was not ran-
dom). Figure 8C shows the same cat, 42 d after hemisection,
walking mainly on the rungs. All the cats, at all times, place all 3
other feet on the rungs so that deficits were only seen in the
hindlimb on the side of the hemisection. As seen in Fig. 8 (top),
cats could adopt such a limping walking pattern (left hindfoot
between rungs and all other feet on the rungs) without apparent
discomfort, although, by periods, cats could alternate between
walking on the rungs or between the rungs.
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Figure 8. Examples of raw EMG activity in Cats 3 and 7 during LTM stepping 14 or 42 d after spinal hemisection. Numbers inside boxes on the top of the EMGs indicate each step associated with
each form of left hindpaw placement observed during LTM walking sessions: on the rungs (gray boxes); full slide (orange boxes), the left paw contacted the rung, but it glided to the bottom of the
space between rungs; and between bars (blue boxes). Each step cycle (numbers inside boxes) was synchronized with the beginning of a semitendinosus burst of the selected sequence and ended
on the beginning of the next semitendinosus burst. Colored markers inside the EMG boxes indicate each step cycle. A, Cat walks between the rungs, on the rungs, or with a full slide. B, Cat 7 could
walk stably between the bars or, as in C, between the rungs. St, Semitendinosus; Lc, left contact.
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Figure 9A shows kinematic figurines of 3 cats walking on the
rungs, sliding on the rungs, or walking between the rungs. Al-
though walking on the rungs requires some alterations of the
swing phase (lift of the foot during swing is larger than control),
the most dramatic modifications or adjustments are seen when
walking between rungs. The toe trajectories illustrate well how
the foot makes a large swing to overcome the rung and reach the
next inter-rung space. Although not measured directly (because
video is taken from the left side), the visual inspection of right
limb does not reveal any particular adjustment as it walks regu-
larly on the rungs even though the LH walks between rungs.
Figure 9B illustrates the changes in some of the EMGs corre-
sponding to the different gaits. Clearly, the knee flexor semiten-
dinosus increased dramatically when walking between rungs or
sliding on the rungs. The knee extensor VL was shorter as the foot
slipped on the rung, but it was normal when walking on the rungs
or between the rungs.

Fig. 10 compares EMG activity of some flexor and extensor
muscles on the LTM before and after hemisection and training.
First, the second burst in semitendinosus muscle clearly seen
before the lesion (Fig. 10A, black arrow) disappeared on the left
after hemisection and did not recover after 42 d of training. Sec-
ond, the first burst in EDB muscles seen at mid-cycle before the
lesion (Fig. 10B, black arrow) was severely reduced on the left
after the hemisection and training. Third, the amplitude of VL
bursts on both sides was similar before the lesion (Fig. 10C, blue).

However, there was a clear reduction of the overall EMG enve-
lope on the left and an increase on the right after hemisection and
training. The increase in the right knee extensor may help in
bearing some weight shift on the right side. Fourth, the overall
amplitude of EMG activity of ankle extensors GM appeared to be
increased on both sides after the hemisection and training. The
crouched posture at the ankles (see, e.g., Fig. 2) might increase
stretch-related excitatory sensory feedback to GM motor pools.

We attempted to correlate the size of the lesions of the LTM-
trained cats (Fig. 7) with either the individual evolution of cats
throughout the recovery period or their performance at 42 d after
lesion (Fig. 11), the last day of recordings. As with most spinal
lesion studies, a variety of mechanisms (spinal, propriospinal,
and supraspinal) take part in the recovery, and it is close to im-
possible to attribute a given defect or recovery to a very specific
tract. Furthermore, cats may adopt a strategy that is individually
more comfortable. Nevertheless, considering our limited sample,
it is quite clear that Cats 1 and 5 showed more locomotor deficits.
Both had very large lesions (especially Cat 5). Cat 1 initially
walked on the rungs for only a few steps (Fig. 11, histogram, gray
bars) and then started to slip on the rungs and touch ground
between rungs (orange). Finally, for all subsequent days, the cat
walked regularly with the LH between the rungs (blue) and all
other limbs on the rungs. Cat 5 walked often between rungs (his-
tograms, blue bars) but also had more sequences slipping on the
rungs (orange bars). On the other hand, Cats 2, 3, 6, and 7 clearly
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Figure 9. A, Stick figures of swing and stance phase from one representative step cycle of the LH of Cats 6, 3, and 7 at 14 and 21 d after spinal hemisection walking on the LTM. Paw placement
patterns: on the rungs (gray bars), full slide (orange bars), and between bars (blue bars) as well as the number of steps given for each paw placement pattern during the same walking sequence.
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evolved toward a pattern of walking on the rungs (gray bars) with
all 4 limbs at 42 d after hemisection. Cat 6 with the smallest lesion
succeeded to step mainly on the rungs the earliest, at 28 d.

Walking on the FTM after FTM or LTM training
Whereas the previous section compared the various patterns of
locomotor adaptations when walking on the LTM and FTM, the
present section illustrates walking characteristics of hemisected
cats walking on the FTM after having been trained on the LTM or
the FTM for 42 d. It is important to note that the cats here are
assessed on the FTM after they have been trained either on the
LTM or the FTM, so that this is the “outcome” of the training in
both conditions.

Interlimb coupling after hemisection in LTM- and
FTM-trained groups
Figure 12 details changes in interlimb coupling of cats walking on
the FTM after being trained either on the FTM or the LTM.
Following both types of training, diagonal couplings were rarely
found after hemisection; therefore, lateral coupling prevailed on
the FTM with an asymmetry between left and right lateral cou-
pling as illustrated on the right side of the panel for LTM- and
FTM-trained groups. Quite clearly, cats with a left hemisection
preferred a gait with a predominance of right lateral coupling
(i.e., coupling of limbs contralateral to the lesion independently
of the training regimen). As was shown previously in Figure 4B
(left, right, horizontal bars), although there was a predominance,
in intact cats, of diagonal over lateral couplings, both types of
coupling were symmetrical, whereas here the lateral couplings
after hemisection were clearly asymmetrical whether cats were
trained on the LTM or FTM. In other words, the asymmetry in

lateral coupling between forelimbs and hindlimbs seen after the
hemisection was not improved by either form of training.

Limb kinematics and angular excursion
Figure 13 shows limb kinematics of the LH of Cat 3 while walking
on the FTM before hemisection (blue traces) and after 42 d of
LTM training (red traces). Figure 13A (top, figurines) indicates
the conditions of recording and training. There was an increase in
the knee and ankle angles of the hemisected cat walking on the
FTM after being trained on the LTM compared with the same cat
with an intact spinal cord. These findings were consistent among
LTM-trained cats. In some cats, the ankle joint showed a greater
yield (Fig. 13B, black arrow) during the whole stance phase.

Measurements were made of cycle durations on the FTM at
various time intervals (7, 28, 42 d) during the locomotor training
on FTM or LTM. For the LTM-trained group, the swing phases
measured on the FTM were statistically longer on both sides with
clear reciprocal compensatory changes of the stance duration on
both sides leading to an unchanged cycle duration overall on both
sides.

Trajectory of the toes
Figure 14 shows the trajectory of the toes during the swing phase
of stepping on the FTM of one hemisected cat trained on the LTM
(Cat 1) and another hemisected (Cat 8) trained on the FTM. For
each cat, we superimposed the toe trajectories when the cat had
an intact spinal cord with that after 42 d of either form of training.

With FTM training (Fig. 14, right, Cat 8), the toes followed a
trajectory with a very similar shape but with a much larger am-
plitude (compare blue and orange traces). This was found in all
cats trained on the FTM after hemisection. With LTM training

Left St

Rigth St

Left hindpaw contact

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Phase of step cycle

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Phase of step cycle

Left hindpaw contact

Left EDB

Rigth EDB

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Left hindpaw contact

Left VL

Rigth VL

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

Left hindpaw contact
Left GM

Rigth GM

Flexors

Extensors

LTM before lesion

LTM 42 days after lesion

Phase of step cycle Phase of step cycle

RecordingA B

C D

Figure 10. Averaged rectified EMG locomotor bursts synchronized on the left paw contact in Cat 1 (A, C, D) and Cat 3 (B) comparing stepping on the LTM before (blue lines) and 42 d after a left
lateral hemisection (orange lines). Black arrows indicate three major changes: (1) the second burst of activity in the semitendinosus muscle on the left disappears after the hemisection; (2) the second
burst of activity on the right is still present after the hemisection; and (3) an important decrease (or disappearance in some cats) of the EDB’s first burst on the side of the lesion. St, Semitendinosus.
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(Fig. 14, left panels, Cat 1), interestingly, the trajectory (orange
trace) was completely different. Before the lesion (blue trace), the
shape was similar as previously described for cats trained on FTM
(i.e., similar to the shape of the blue trace on the right panel).
After training on the LTM, the toes elevated early in swing (from
right to left), but the trajectory continued upward lift to the end
of the swing phase where it finally dropped abruptly to contact
with the treadmill surface. This particular trajectory already ap-
peared 7 d after the lesion and maintained throughout the whole
training period. This unusual trajectory was seen in 4 of the 6 cats
trained on the LTM at the end of the training protocol.

Of great interest is that, in both LTM and FTM-trained cats,
the “hook” representing the terminal foot placement observed
before the lesion (Fig. 14, black arrows) disappeared. Instead, the

toes adopted a brisk vertical trajectory to contact the surface of
the treadmill. This abrupt landing appears to result from the
hemisection and was not corrected by training.

We also compared the foot drag of 2 cats with similar spinal
damage (Cat 8 trained on the FTM and Cat 1 on the LTM; Fig. 7).
After 28 d, there was a reduction of the percentage of steps with
foot drag with both types of training. After 42 d, there were no
more steps with foot drag in the LTM-trained cat, whereas 30% of
steps showed foot drag in the FTM-trained cat.

EMG activity during FTM stepping
Although there were clear adaptations in EMG activity in some
muscles when walking on the LTM before and after the hemisec-
tion, when walking on the FTM (the outcome), the EMG profiles
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of LTM-trained cats did not differ from FTM-trained cats. Ap-
parently, adaptations in EMG activity developed to step on rungs
were not transferred to normal stepping on an FTM.

Discussion
The LTM
Locomotor abilities of cats after large CNS lesions, such as a
decerebration or spinal sections, are often assessed on an FTM or
on a walkway. Although cats can walk even with severe CNS
lesions on an FTM, their ability to perform precise foot place-
ment is often overlooked, although such precision walking is
essential in daily life. The main ideas of the present study are as
follows: (1) to develop a treadmill to assess locomotion on the
rungs of a moving LTM requiring precise voluntary foot posi-
tioning; (2) to assess the capability of cats after a spinal hemisec-
tion to cope with such a demanding locomotor skill; and (3) to
regularly train animals in such a demanding task with the under-
lying hypothesis that training with this added difficulty could
improve locomotor recovery even on an FTM after lesions be-
cause it maximizes not only changes in spinal locomotor circuits
but also remnant supraspinal inputs.

The advantage of LTM compared with a horizontal fixed lad-
der is that it allows to maintain the same environment as for
walking on an FTM with the added constraint of walking pre-
cisely on moving rungs. Thus, visual inputs of the moving rungs
constitute an undisputable supraspinal necessary control to per-
form voluntary locomotion on the rungs or between the rungs of
an LTM. Finally, confinement to a treadmill enclosure while

walking on the LTM permitted to average locomotor parameters
(EMG and kinematics) of several cycles in the same stationary
position relative to the frame of reference as is the case with FTM.
Changes of kinematics or EMGs may then be attributed to mod-
ifications of the tasks in one environment and not to two different
tasks in two different environments.

Other studies have investigated the ability of cats to walk in
more challenging conditions (Smith et al., 1998). Such is the case
for walking on a horizontal ladder or between barriers in a walk-
way (Beloozerova and Sirota, 1993; Beloozerova et al., 2010) or a
split-belt treadmill (D’Angelo et al., 2014). Work by Krouchev
and Drew (2013) has focused on gait modifications when nego-
tiating an obstacle on a treadmill. Although these studies contrib-
uted considerably to our understanding of the locomotor system
capabilities, they were not as such involved in evaluating the loco-
motor performance after CNS lesions or the effects of training.

Approaches requiring step-by-step adjustments on visual tar-
gets projected on a treadmill (C-Mill) are currently provided for
human locomotor training after stroke. This is quite a different
task and requires different constraints (Heeren et al., 2013; Hol-
lands et al., 2013). Such a paradigm would be unrealistic for the
questions asked here, especially for animal experiments in which
precise foot targeting is desired.

Kinematic and EMG changes between FTM and LTM
Our walking paradigm requires a precise foot placement at every
step and consequently involves supraspinal inputs. The inter-
rung spacing was adjusted for each cat so that the locomotor
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characteristics of the step cycles were similar for both FTM and
LTM. This provided a comfortable stride length for each cat as
described previously (Beloozerova and Sirota, 1993; Beloozerova
et al., 2010). It also allowed attributing changes in locomotor
characteristics (angular excursion, EMGs) to the task rather than

to the overall kinematic requirements (e.g., step cycle adjust-
ments). Despite a significant change in difficulty, the kinematic
changes in LTM walking were modest as seen in Figure 2. The
interlimb coordination favored a stable diagonal interlimb cou-
pling (Fig. 4). The trajectory of the foot of the LH tended to reach
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an increased height value in mid-swing in some cats, whereas, in
others, the height did not significantly change (Fig. 3). We found
that, just before touch down, the toes made a slight upward
movement before extending to contact the ground or the rung,
which was reflected as a “hook” in the toe trajectory (as seen in
all cats, Fig. 3). This precise positioning is important (Hal-
bertsma, 1983) and did not apparently change between the
two tasks.

Specific changes in EMGs may subserve some kinematic ad-
aptations. Of note are the increased amplitude and duration of
the first burst of semitendinosus (Fig. 6), which is associated with
the onset of the swing phase. The increase in amplitude of the
second burst of semitendinosus associated with foot landing was
clearly more important during LTM walking. We postulate that
this second burst may serve to control the end of the swing and
allow the foot to be placed on the rungs. This second semitendi-
nosus burst coincides with a period of intense discharge in knee
flexor proprioceptive afferents (Prochazka et al., 1976). This pe-
riod when knee flexors are stretched before landing corresponds
to an increase in reflex excitability and could lead to an increase of
this second EMG burst. Such a mechanism was suggested for
humans, also (Duysens et al., 1998). However, the disappearance
of this second semitendinosus burst after hemisection (Fig. 10A)
rather suggests that the muscle is used as part of a strategy of
central origin.

Locomotor capabilities after hemisection
Following a unilateral spinal cord hemisection, the limb caudal to
the hemisection is at first flaccid but can recover extensive loco-
motor capabilities after 3– 8 weeks (Jane et al., 1964) and older
(Eidelberg, 1983). Such recovery also appears after a staggered
hemisection at two spinal levels (Kato et al., 1984) performed to
investigate compensatory mechanisms from contralateral de-
scending intact fibers. In this case, cats recovered complex motor
behavior, such as jumping on and off a 25 cm ledge. Others also
found a recovery of function for several months after the he-
misection as well anatomical sprouting of afferents on the side of
the hemisection (Murray and Goldberger, 1974; Helgren and
Goldberger, 1993) suggesting these might play a role in recovery.
Our own previous studies on hemisected cats clearly documented
the recovery of locomotion. (Martinez et al., 2013).

In the present work, we show that hemisected cats can use
individual strategies when walking on the LTM even in cats with
similar lesions. Some cats placed the foot between rungs while the
three other feet were placed on the rungs. This led to a limping
walk, which apparently was more stable for some cats. This seems
to be a voluntary strategy, not a random placement strategy, be-
cause the hind foot was put correctly and repetitively between the
rungs. Work using cortical recordings during walking between
widely spaced barriers has shown that the motor cortex is very
active (Beloozerova and Sirota, 1993), which suggests a major
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participation in these complex strategies. This situation, how-
ever, is more akin to sequentially stepping over individual obsta-
cles, whereas our task requires a step-by-step correction. In our
study, cats evolved to walk on the rungs or between the rungs, but
at the end of training, cats did not switch between strategies (i.e.,
to walk on or between the rungs) but adopted a stable strategy,
between or on the rungs (as seen in Figs. 8, 11). As discussed in
Results, establishing a correlation between the size of the lesions
and the ability to walk on the rungs 42 d after lesion is somewhat
problematic because it would require a greater number of ani-
mals and a study over a longer time period for the recovery. Six
weeks is a relatively short recovery period for large spinal lesions
in cats performing a complex task. This LTM paradigm would be
very appropriate to perform such longer-term studies.

Effects of FTM/LTM training on FTM walking
One of the questions addressed in this work is whether locomotor
training can durably change locomotor characteristics when the
spinal cord is either intact or hemisected. This is a fundamental issue
because the basis of rehabilitation therapies may be to change char-
acteristics of basic motor patterns, such as locomotion.

When assessing locomotion on the FTM (the “outcome”) in
cats trained on the FTM or the LTM after hemisection, there were
no dramatic changes in overall kinematic parameters, but more
detailed analysis showed that the foot trajectory can be changed
importantly in some cats (Fig. 3). Figure 14 shows 2 cats trained
for 42 d either on the FTM or the LTM after a hemisection. When
trained on the FTM, the paw trajectory keeps the same overall
shape but is much increased in amplitude (Cat 8). When trained
on the LTM, Cat 1 displayed a trajectory with the toes elevating
toward the end of the swing as if to possibly reach a forward target
(e.g., a rung). Therefore, training and training regimen could
affect some locomotor characteristics on long term.

Most remarkable, however, was that the hook previously de-
scribed and representing a soft landing on the rung disappeared
in the LH after hemisection. Figure 14 compares foot landing
with intact spinal cord and 42 d after spinal hemisection. As can
be seen, the foot now drops straight to the contact surface (Fig.
14, red/orange trace). This probably corresponds to the abolition
of the second burst in semitendinosus muscle, which we associ-
ated before with foot landing in the intact (on the FTM or LTM).
Neither FTM nor LTM training reestablished the second semi-
tendinosus burst or the precontact hook.

Finally, we found that foot drag often seen in hemilesioned
cats was much improved in cats trained on the LTM compared
with training on the FTM. Both the number of steps with foot
drag diminished but also the percentage of the swing phase occu-
pied by foot drag.

In conclusion, this work is the first step toward the devel-
opment of a method to evaluate the voluntary component of
locomotion required for precision walking. We also propose this
method to train regularly cats (or rodents) on an LTM, which
requires the involvement not only of spinal locomotor circuits
but also of some supraspinal structures. Our preliminary evi-
dence points to the possibility of inducing durable changes in the
locomotor characteristics similar to spinal task learning (Hodg-
son et al., 1994). Training in demanding conditions, such as LTM
walking after CNS lesions, could potentially improve the locomo-
tor performance of animals in less demanding conditions after
CNS lesions.
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