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Abstract

Following spinal cord injury, severe deficits result from damages to ascending and
descending tracts, such as the corticospinal tract (CST) which is highly relevant for
the motor execution in humans. Unfortunately, no curative treatment is available
and intensive efforts are deployed in animal models, such as the CST transection
model, to identify interventions providing functional regeneration after spinal
cord injury.

The CatWalk XT is a system for multi-parameter gait analysis of voluntary
locomotion. In this study, the performance of the CatWalk XT for monitoring of
functional deficits associated with dorsal CST lesion in rats was compared to
skilled locomotion tests. Motor deficits associated with dorsal CST transection

could be reliably monitored over seven weeks based on skilled locomotion
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testing, i.e. Horizontal Ladder Walk and Grid Walk. The collateral lesion to the
overlaying gracile and cuneate funiculi occurring during dorsal CST transection
resulted in slight hyposensitivity and proprioceptive deficit, which likely
contributed to the lowered performance in skilled locomotion. In contrast,
parameters of voluntary locomotion were not significantly affected by dorsal
CST transection. Finally, an abnormal adduction reflex was detected immediately
after lesion of the CST and could be conveniently used to confirm successful
CST lesion in rats of experimental groups.

The functional relevance of the dorsal CST in locomotion of rats is not as prominent
as compared to in humans and thus challenging the motor execution is mandatory to
reliably investigate CST function. A detailed analysis of voluntary walking using
the CatWalk XT is not adequate to detect deficits following dorsal CST lesion in

rats.

Keyword: Neuroscience

1. Introduction

Spinal cord injury (SCI) has devastating consequences for affected individuals and
families, and constitutes furthermore a socio-economic burden. More than half of all
insults to the spinal cord affect the cervical level and lead to complete or incomplete
tetraplegia, sensory disturbances and autonomic dysfunctions affecting ultimately
almost every organ system [1, 2]. Incomplete tetraplegia is the most common clinical
presentation among SCI patients [2]. Unfortunately, no effective curative treatment
options for SCI are available and intensive efforts are being deployed in animal
models, in particular in rats, to identify novel therapeutic approaches providing func-

tional regeneration following traumatic SCIL.

A central aspect of the pathophysiology of SCI is the disruption of descending and
ascending spinal tracts, such as the corticospinal tract (CST), which is essential for
fine and skilled motor control. Due to functional importance of the CST for motor
control performance in humans, the development of regenerative strategies for this
tract remains a research priority. Within the human spinal cord, the CST is predom-
inantly located in the lateral white matter [3, 4]. However, in rodents, most of the
fibers from the CST are located in the ventral part of the dorsal column, below
the gracile and cuneate funiculi (Fig. 1A). This rodent-specific neuroanatomical tract
distribution provides an easy access for the targeted disruption of approximately
90—95% of the descending corticospinal projections in the form of a bilateral dorsal

funiculotomy [5, 6, 7].

The transection model of the dorsal column in rodents offers the possibility to study

the regeneration potential of the dorsal CST specifically without interfering with
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Fig. 1. A) Coronal section of the spinal cord at the C4 level. Left, the position of the dorsal CST (green)
as well as the cuneate (blue) and gracile fasciculi (orange). Right, immunodetection of anterogradely
BDA-labeled fibers (green) revealed the position of the dorsal CST within the dorsal funiculus. Immu-
nodetection of GFAP is shown in red, nuclei counterstaining in blue was performed using DAPI. B)
Average rostro-caudal extent of the lesion detected in the spinal cord parenchyma based on Nissl staining
and GFAP-immunodetection. Representative immunodetection of GFAP on coronal sections at C4 level
of a rat from the (C) sham group or (D) dorsal CST lesion group slightly caudal of the lesion. Represen-
tative inverted dark-field micrographs revealing the dCST within the dorsal column of a sham (E, dotted
line) and its disappearance following complete transection (F). Scale bars = 500 pum.

other descending spinal cord tracts. In addition, this model is not associated with
massive secondary damages at the lesion site such as observed in most SCI models,
e.g. contusion injury [8]. Although the pathophysiology of axonal injury and regen-
eration shares common aspects with the human situation, functional deficits resulting
from the transection of the dorsal CST in rodents remain subtle. The fact that the dor-
sal CST projects mostly into the dorsal and medial laminae [5] and has only indirect
contacts with the spinal motor neurons may explain the discrepancy between the

extent of the CST lesion and the low magnitude of functional deficit. Moreover,
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locomotion in quadrupeds may have a lower requirement for a supraspinal control.
Hence, only specific and sensitive tests addressing skilled motor control can detect
the functional deficits resulting from dorsal CST lesion in rats. Importantly, the tran-
section of the dorsal column not only lesions the CST, but also disrupts the over-
laying sensory ascending tracts forming the gracile and cuneate funiculi, which
are responsible for proprioception and the perception of fine pressure and vibration.
Therefore, the net functional outcomes following a dorsal column transection in ro-
dents will comprise a motor and a sensory component. The subtleness and the
duality of the functional deficits make the study of dorsal CST functional regenera-
tion and the interpretation of various outcome measures in the dorsal column tran-

section models particularly challenging.

The selection of relevant functional readouts following dorsal CST transection in ro-
dents continues to be a subject of discussion. Nevertheless, a robust test is mandatory
for the assessment of deficits and functional recovery. Unfortunately, testing of motor
function in rodents remains challenging, since motor control is mediated by an adap-
tive network of descending tracts with overlapping functions [9]. Moreover, functional
regeneration addressed by various behavioral testing can be achieved through struc-
tural restoration, but also via compensation and/or changes in movement execution
strategy. Considering the necessity of reliable pre-clinical validation for promising
treatment options pointing at the horizon, we investigate the efficiency of the CatWalk
XT, a gait analysis system for voluntary locomotion, and compared its performance to
some locomotion readouts currently available for their capacity to evaluate motor def-

icits and eventually functional regeneration following dorsal CST lesion in adult rats.

2. Materials and methods
2.1. Animal subjects

This study was carried out on female Fisher-344 rats (bodyweight 169 £ 8 g; n = 20).
All experiments were performed in accordance with the Directive 2010/63/EU of the
European Parliament and of the Council and were approved by the local animal health
commission. Rats were acquired from Charles River Laboratories (Sulzfeld, Germany)
and were housed in groups of five in standard conditions with a 12-hours light-dark
cycle. Food and water was provided ad libitum. Directly after surgery, rats were pro-
vided with higher caloric food (Ssniff R-Z autoclavable, Ssniff Spezialdiaten GmbH,

Germany) to prevent weight loss and to promote recovery from surgery.

2.2. Lesion model and surgical procedures

Rats were randomly allocated in two groups: (i) a lesion group undergoing a bilateral
transection of the dorsal column at the fourth cervical segment (n = 10) and (ii) a

sham group, which was only laminectomized at cervical level 4 (n = 10).
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For surgery, rats were deeply anaesthetized using an intramuscular injection of 46.5
mg/kg bodyweight (bw) ketamine (Narketan® 10%, Vétoquinol, Austria), 2.3 mg/kg
bw xylazine (Rompun®, Bayer Austria GmbH, Austria) and 0.46 mg/kg bw acepro-
mazine (Vanastress®, Vana GmbH, Austria). To prevent hypothermia rats were
placed on a homeostatic heating pad with body temperature monitoring via rectal
sensor. The dorsal spine of the rat was exposed and a laminectomy at cervical level
4 was performed to expose the spinal cord. Using a blunt tungsten wire-knife device
(M122, David Kopf Instruments, USA) the dorsal column was precisely transected
bilaterally (2.5 mm width, 1.1 mm depth) previously described (Fig. 1D) [6, 10,
11, 12]. To prevent infections after surgery, animals were treated with 10 mg/kg
bw Enrofloxacin (Baytril®, 2.5% injection solution, Bayer Austria GmbH, Austria)
daily for 5 consecutive days starting peri-operatively. Analgesia was provided by
daily subcutaneous administration of 1.25 mg/kg bw Meloxicam (Metacam®, Boeh-
ringer Ingelheim Vetmedica GmbH, Germany) for 5 consecutive days after surgery.
In the first two days after surgery, 0.02 mg/kg bw buprenorphine (Bupaq®, Richter
Pharma AG, Austria) was injected subcutaneously (s.c) twice a day. Upon signs of
dehydration, 1—2 mL of 0.9% NaCl solution was injected subcutaneously. In this
SCI model, bladder function is sufficient and does not require manual voiding.

At the end of the follow-up period, the CST of 2 sham rats was anterogradely labeled
by the injection of three-hundred nanoliters of a 10% solution of biotinylated-dextran
amine (BDA; 10,000 MW; Molecular Probes) into 18 sites of the sensorimotor cor-
tex per hemisphere as previously described [6]. The surgical procedures were per-
formed under the same conditions as described above and the rats were perfused

for histological analysis two weeks later, i.e. 9 weeks after laminectomy.

2.3. Motor and sensory tests

At least two weeks of training prior to the surgery were taken to familiarize the rats
with the different tests employed. Additionally, the last training pre-surgery served

as baseline performance of the rats.

2.3.1. Horizontal Ladder Walk and Grid Walk

The “Horizontal Ladder Walk™ assesses skilled walking, limb placement and limb
coordination. In this test, rats walk across a ladder with uniform rung pattern (1 m
length; 3 mm rung diameter, 30 mm rung spacing) laid horizontally [13]. Similar
to the Horizontal Ladder Walk, the “Grid Walk” (wire caliber 1 mm, mesh:
25 x 25 mm) was performed as described in [14, 15] and assesses forelimb

placement.

For both tests, rats were trained for at least 2 weeks prior to injury to voluntarily

cross the ladder/grid from a neutral cage to reach their home cage with littermates
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as positive reinforcement. For each rat, the 2 weeks training phase comprised 4
training sessions of 5 runs per session. Testing post-surgery was performed in the
first week at least 24 hours after the last application of buprenorphine, and thereafter
testing was carried out weekly. Total left and right forelimb correct steps and foot-
faults were counted during the 5 runs of one session by one observer on each side of
the apparatus. The percentage of correct steps was calculated for each rat and aver-

ages compared between groups.

2.3.2. CatWalk

Gait analyses of voluntary locomotion were performed using the CatWalk XT sys-
tem (Noldus Information Technology, Netherlands). Every session consisted of six
valid runs defined as a transit across the recording window with a variation of the
walking speed of less than 60%. Sessions were performed two times per week prior
to surgery and thereafter twice weekly for seven consecutive weeks. Each paw was
individually documented and recorded parameters (see Tables 1, 2, 3,4, 5, 6, and 7)
were compared using a nonparametric test for longitudinal data optimized for small
sample sizes in multifactorial experiments. For comparison of the three experimental
groups, left and right feet as well as the two time points per week were pooled for

analyses.

2.3.3. Von Frey’s hair test

An electronic version of von Frey hair test (Ugo Basile, Gemonio, Varese, Italy) was
used to assess abnormal nociception, hypo- or hypersensitivity and allodynia. The
rats were placed in a Plexiglas box with a grid floor. Using the thin filament of
the probe, pressure was applied on the center of the plantar surface of each paw until
the rats withdrew their paw. The maximal pressure applied until paw withdrawal was
recorded. Each paw was tested five times during one session and the mean force
measured before withdrawal of 5 measurements was used for statistical analysis.

The electronic von Frey’s hair test was performed in the fifth week after surgery.

2.3.4. Sticker test

The sticker test is used to test superficial and deep sensation in the dorsal part of the
front paws. For the test, a sticker (Avery, 6 mm) was placed on one of the front paws
(as previously described by [15, 16]. The latency between the application of the
sticker and perception of the foreign object as revealed by the first attend to remove
the sticker or by shaking of the paw was recorded. Each front paw was tested sepa-
rately for three times with a delay of several minutes between each trial. For statis-
tical analysis, the values of the shortest latency out of the three trials were used. This

test was performed weekly.
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Table 1. Analysis of gait parameters during voluntary locomotion after lesion (week 1).

Parameter adjusted p-value 1 week

Sham CST iDC

25-percentile = Median  75-percentile  25-percentile = Median  75-percentile = 25-percentile = Median  75-percentile
Stand Front (s) 0,88 0,22 0,25 0,27 0,22 0,24 0,26 0,20 0,21 0,25
Stand Hind (s) 0,66 0,23 0,26 0,29 0,21 0,23 0,25 0,22 0,23 0,24
Stride length Front (cm) 0,62 12,47 12,85 13,66 13,66 14,26 14,94 12,33 12,48 13,45
Stride length Hind (cm) 0,42 12,43 12,86 13,34 13,43 14,39 14,91 12,26 12,52 13,98
Swing Front (s) 0,77 0,12 0,14 0,15 0,13 0,14 0,14 0,13 0,14 0,15
Swing Hind (s) 0,91 0,13 0,13 0,16 0,13 0,14 0,14 0,13 0,13 0,15
Swing speed Front (cm/s) 0,66 88,01 97,03 104,20 113,00 113,60 124,20 90,79 97,43 114,40
Swing speed Hind (cm/s) 0,90 93,95 100,50 110,10 98,34 101,20 105,50 82,61 99,06 108,30
Step cycle mean (s) 0,90 0,36 0,38 0,44 0,34 0,37 0,40 0,33 0,34 0,40
Print position left (cm) 0,51 0,45 0,74 0,91 —0,02 0,20 0,34 —0,20 0,13 0,42
Print position right (cm) 0,88 0,16 0,49 0,87 —0,63 0,28 0,51 —0,27 0,23 0,64
Base of support front (cm) 0,91 1,49 1,74 1,86 1,68 1,81 2,02 1,52 1,65 1,99
Base of support hind (cm) 0,13 1,98 2,27 3,06 1,76 1,90 2,43 1,75 1,93 2,12
Regularity index (%) 0,90 97,92 99,07 100,00 98,33 98,33 99,54 99,07 99,07 99,07

Stand or Stance phase: duration of contact of a paw with the glass plate; Stride Length: distance between successive placements of the same paw; Swing: duration of no contact of a paw with the
glass plate; Swing Speed: speed of the paw during Swing; Step Cycle: time between two consecutive initial contacts of the same paw; Print Positions: distance between the position of the hind paw
and the position of the previously placed front paw on the same side of the body (ipsilateral) and in the same Step Cycle; Base of Support (BOS): average width between either the front paws or the
hind paws; Regularity Index: number of normal step sequence patterns relative to the total number of paw placements. Two-factorial nonparametric analysis of the data did not reveal a significant
difference in any of the parameters between sham, dCST and iDC group. Data are provided as median and interquartile range. Table 1 provides the adjusted p values for the 7-week period.
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Table 2. Analysis of gait parameters during voluntary locomotion after lesion (week 2).

Parameter 2 weeks

Sham CST iDC

25-percentile Median 75-percentile 25-percentile Median 75-percentile 25-percentile Median 75-percentile
Stand Front (s) 0,20 0,22 0,23 0,17 0,21 0,22 0,18 0,20 0,22
Stand Hind (s) 0,19 0,20 0,24 0,15 0,19 0,22 0,17 0,19 0,24
Stride length Front (cm) 12,75 13,58 13,78 13,05 14,17 14,63 12,84 14,34 15,15
Stride length Hind (cm) 12,55 13,62 13,85 13,28 14,39 14,92 13,18 14,58 15,34
Swing Front (s) 0,12 0,15 0,15 0,14 0,15 0,16 0,14 0,15 0,15
Swing Hind (s) 0,12 0,14 0,15 0,14 0,15 0,16 0,14 0,15 0,15
Swing speed Front (cm/s) 86,58 95,25 111,80 99,17 103,30 108,00 91,68 106,90 118,20
Swing speed Hind (cm/s) 89,51 97,02 113,10 87,41 93,01 96,36 90,78 102,90 107,40
Step cycle mean (s) 0,31 0,35 0,38 0,31 0,35 0,36 0,31 0,35 0,38
Print position left (cm) 0,10 0,47 0,86 0,11 0,30 0,53 —0,73 0,14 0,77
Print position right (cm) —0,13 0,23 0,76 —0,12 0,31 0,67 —0,36 0,25 1,16
Base of support front (cm) 1,54 1,77 1,88 1,62 1,74 1,86 1,52 1,79 2,02
Base of support hind (cm) 1,70 2,10 2,49 1,53 1,94 2,34 1,70 1,88 1,98
Regularity index (%) 97,87 100,00 100,00 99,54 100,00 100,00 96,07 98,33 99,54

Stand or Stance phase: duration of contact of a paw with the glass plate; Stride Length: distance between successive placements of the same paw; Swing: duration of no contact of a paw with the
glass plate; Swing Speed: speed of the paw during Swing; Step Cycle: time between two consecutive initial contacts of the same paw; Print Positions: distance between the position of the hind paw
and the position of the previously placed front paw on the same side of the body (ipsilateral) and in the same Step Cycle; Base of Support (BOS): average width between either the front paws or the
hind paws; Regularity Index: number of normal step sequence patterns relative to the total number of paw placements. Two-factorial nonparametric analysis of the data did not reveal a significant
difference in any of the parameters between sham, dCST and iDC group. Data are provided as median and interquartile range. Table 1 provides the adjusted p values for the 7-week period.
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Table 3. Analysis of gait parameters during voluntary locomotion after lesion (week 3).

Parameter 3 weeks

Sham CST iDC

25-percentile Median 75-percentile 25-percentile Median 75-percentile 25-percentile Median 75-percentile
Stand Front (s) 0,20 0,22 0,27 0,18 0,21 0,23 0,18 0,22 0,25
Stand Hind (s) 0,20 0,21 0,28 0,16 0,19 0,22 0,16 0,19 0,26
Stride length Front (cm) 13,41 14,49 14,78 13,97 14,35 15,43 13,09 14,05 14,99
Stride length Hind (cm) 12,85 13,97 15,04 13,20 14,60 15,73 12,81 14,65 14,97
Swing Front (s) 0,13 0,15 0,15 0,15 0,15 0,16 0,13 0,15 0,16
Swing Hind (s) 0,13 0,14 0,15 0,14 0,16 0,16 0,14 0,15 0,17
Swing speed Front (cm/s) 87,55 103,50 118,00 97,18 114,20 115,80 83,42 104,10 123,10
Swing speed Hind (cm/s) 86,31 103,50 116,80 80,48 94,33 98,33 81,12 102,00 108,90
Step cycle mean (s) 0,34 0,38 0,43 0,32 0,35 0,38 0,30 0,36 0,42
Print position left (cm) —0,09 0,73 0,98 0,06 0,24 0,32 —0,51 0,05 0,86
Print position right (cm) —0,32 0,45 0,95 —0,59 0,00 0,40 —0,34 0,15 1,25
Base of support front (cm) 1,58 1,81 1,90 1,71 1,86 1,87 1,48 1,65 1,82
Base of support hind (cm) 1,69 2,15 2,56 1,64 1,77 2,09 1,51 1,67 1,76
Regularity index (%) 97,31 100,00 100,00 98,70 99,07 100,00 98,24 98,33 100,00

Stand or Stance phase: duration of contact of a paw with the glass plate; Stride Length: distance between successive placements of the same paw; Swing: duration of no contact of a paw with the
glass plate; Swing Speed: speed of the paw during Swing; Step Cycle: time between two consecutive initial contacts of the same paw; Print Positions: distance between the position of the hind paw
and the position of the previously placed front paw on the same side of the body (ipsilateral) and in the same Step Cycle; Base of Support (BOS): average width between either the front paws or the
hind paws; Regularity Index: number of normal step sequence patterns relative to the total number of paw placements. Two-factorial nonparametric analysis of the data did not reveal a significant
difference in any of the parameters between sham, dCST and iDC group. Data are provided as median and interquartile range. Table 1 provides the adjusted p values for the 7-week period.
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Table 4. Analysis of gait parameters during voluntary locomotion after lesion (week 4).

Parameter 4 weeks

Sham CST iDC

25-percentile Median 75-percentile 25-percentile Median 75-percentile 25-percentile Median 75-percentile
Stand Front (s) 0,17 0,22 0,25 0,19 0,20 0,22 0,18 0,20 0,24
Stand Hind (s) 0,17 0,21 0,24 0,17 0,19 0,22 0,17 0,20 0,22
Stride length Front (cm) 14,39 14,65 15,12 14,51 14,90 15,20 14,15 14,83 15,41
Stride length Hind (cm) 13,89 14,50 15,25 14,19 14,97 15,17 14,22 14,89 15,33
Swing Front (s) 0,13 0,15 0,16 0,15 0,15 0,15 0,13 0,15 0,16
Swing Hind (s) 0,13 0,15 0,16 0,14 0,15 0,16 0,13 0,14 0,16
Swing speed Front (cm/s) 90,94 113,00 119,20 101,20 116,20 121,50 94,04 117,80 122,00
Swing speed Hind (cm/s) 87,86 102,90 115,20 89,73 93,00 103,90 87,33 103,10 112,90
Step cycle mean (s) 0,30 0,36 0,40 0,33 0,35 0,37 0,31 0,34 0,40
Print position left (cm) 0,31 0,70 0,97 0,18 0,49 0,53 —0,39 0,31 0,86
Print position right (cm) —0,17 0,65 0,78 0,07 0,31 0,60 —0,19 0,48 1,30
Base of support front (cm) 1,52 1,66 1,84 1,65 1,74 1,91 1,60 1,72 1,89
Base of support hind (cm) 1,86 2,18 2,47 1,69 1,87 2,38 1,53 1,69 1,96
Regularity index (%) 97,50 100,00 100,00 97,41 99,07 100,00 97,78 99,07 100,00

Stand or Stance phase: duration of contact of a paw with the glass plate; Stride Length: distance between successive placements of the same paw; Swing: duration of no contact of a paw with the
glass plate; Swing Speed: speed of the paw during Swing; Step Cycle: time between two consecutive initial contacts of the same paw; Print Positions: distance between the position of the hind paw
and the position of the previously placed front paw on the same side of the body (ipsilateral) and in the same Step Cycle; Base of Support (BOS): average width between either the front paws or the
hind paws; Regularity Index: number of normal step sequence patterns relative to the total number of paw placements. Two-factorial nonparametric analysis of the data did not reveal a significant
difference in any of the parameters between sham, dCST and iDC group. Data are provided as median and interquartile range. Table 1 provides the adjusted p values for the 7-week period.
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Table 5. Analysis of gait parameters during voluntary locomotion after lesion (week 5).

Parameter 5 weeks

Sham CST iDC

25-percentile Median 75-percentile 25-percentile Median 75-percentile 25-percentile Median 75-percentile
Stand Front (s) 0,18 0,20 0,26 0,18 0,22 0,23 0,18 0,21 0,24
Stand Hind (s) 0,17 0,18 0,24 0,15 0,18 0,22 0,16 0,18 0,22
Stride length Front (cm) 14,34 15,03 15,75 14,88 15,12 16,21 14,72 15,08 15,63
Stride length Hind (cm) 13,72 14,57 15,86 14,49 15,67 16,53 14,68 15,20 15,71
Swing Front (s) 0,12 0,15 0,15 0,14 0,15 0,16 0,14 0,15 0,17
Swing Hind (s) 0,13 0,15 0,16 0,14 0,15 0,17 0,14 0,15 0,17
Swing speed Front (cm/s) 94,84 105,00 122,30 96,74 120,80 128,90 97,68 111,40 121,60
Swing speed Hind (cm/s) 93,67 101,10 121,00 84,43 102,70 112,00 85,23 103,00 106,80
Step cycle mean (s) 0,30 0,35 0,41 0,31 0,36 0,37 0,31 0,35 0,40
Print position left (cm) 0,03 0,60 0,84 —0,26 0,40 0,52 —0,57 0,16 0,73
Print position right (cm) —0,06 0,33 0,97 —0,31 —0,02 0,38 —0,21 0,10 0,93
Base of support front (cm) 1,45 1,75 1,96 1,49 1,70 1,97 1,52 1,53 1,74
Base of support hind (cm) 1,79 2,10 2,36 1,64 1,69 2,04 1,33 1,51 1,91
Regularity index (%) 100,00 100,00 100,00 98,70 100,00 100,00 98,70 99,07 100,00

Stand or Stance phase: duration of contact of a paw with the glass plate; Stride Length: distance between successive placements of the same paw; Swing: duration of no contact of a paw with the
glass plate; Swing Speed: speed of the paw during Swing; Step Cycle: time between two consecutive initial contacts of the same paw; Print Positions: distance between the position of the hind paw
and the position of the previously placed front paw on the same side of the body (ipsilateral) and in the same Step Cycle; Base of Support (BOS): average width between either the front paws or the
hind paws; Regularity Index: number of normal step sequence patterns relative to the total number of paw placements. Two-factorial nonparametric analysis of the data did not reveal a significant
difference in any of the parameters between sham, dCST and iDC group. Data are provided as median and interquartile range. Table 1 provides the adjusted p values for the 7-week period.
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Table 6. Analysis of gait parameters during voluntary locomotion after lesion (week 6).

Parameter 6 weeks

Sham CST iDC

25-percentile Median 75-percentile 25-percentile Median 75-percentile 25-percentile Median 75-percentile
Stand Front (s) 0,16 0,22 0,26 0,16 0,22 0,25 0,18 0,21 0,22
Stand Hind (s) 0,16 0,22 0,24 0,14 0,21 0,23 0,16 0,20 0,21
Stride length Front (cm) 14,17 15,79 16,13 14,56 15,29 15,54 15,00 15,42 16,28
Stride length Hind (cm) 13,56 15,32 16,09 14,61 15,50 15,99 14,68 15,27 17,06
Swing Front (s) 0,14 0,15 0,16 0,14 0,16 0,16 0,13 0,15 0,16
Swing Hind (s) 0,13 0,16 0,16 0,13 0,15 0,16 0,13 0,15 0,16
Swing speed Front (cm/s) 98,59 102,80 124,30 111,30 118,30 133,40 107,60 114,20 132,40
Swing speed Hind (cm/s) 89,14 95,86 113,80 91,79 95,94 113,40 93,02 97,45 126,90
Step cycle mean (s) 0,30 0,36 0,40 0,28 0,37 0,40 0,31 0,35 0,36
Print position left (cm) -0,19 0,38 0,96 —0,04 0,38 0,73 —0,31 0,49 0,72
Print position right (cm) —0,40 0,17 1,03 0,01 0,32 0,42 —0,10 0,28 1,15
Base of support front (cm) 1,44 1,81 2,04 1,64 1,83 1,99 1,52 1,75 1,83
Base of support hind (cm) 1,94 2,03 2,49 1,64 1,93 2,21 1,52 1,64 1,98
Regularity index (%) 97,87 99,07 99,54 97,94 98,33 100,00 97,28 100,00 100,00

Stand or Stance phase: duration of contact of a paw with the glass plate; Stride Length: distance between successive placements of the same paw; Swing: duration of no contact of a paw with the
glass plate; Swing Speed: speed of the paw during Swing; Step Cycle: time between two consecutive initial contacts of the same paw; Print Positions: distance between the position of the hind paw
and the position of the previously placed front paw on the same side of the body (ipsilateral) and in the same Step Cycle; Base of Support (BOS): average width between either the front paws or the
hind paws; Regularity Index: number of normal step sequence patterns relative to the total number of paw placements. Two-factorial nonparametric analysis of the data did not reveal a significant
difference in any of the parameters between sham, dCST and iDC group. Data are provided as median and interquartile range. Table 1 provides the adjusted p values for the 7-week period.
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Table 7. Analysis of gait parameters during voluntary locomotion after lesion (week 7).

Parameter 7 weeks

Sham CST iDC

25-percentile Median 75-percentile 25-percentile Median 75-percentile 25-percentile Median 75-percentile
Stand Front (s) 0,16 0,20 0,26 0,18 0,21 0,23 0,16 0,21 0,24
Stand Hind (s) 0,15 0,19 0,23 0,15 0,17 0,18 0,18 0,22 0,23
Stride length Front (cm) 13,64 15,12 16,23 15,53 16,52 16,71 15,04 15,29 15,74
Stride length Hind (cm) 13,59 15,15 15,92 15,74 15,95 16,64 14,07 14,53 16,55
Swing Front (s) 0,13 0,14 0,16 0,15 0,15 0,16 0,13 0,14 0,17
Swing Hind (s) 0,13 0,15 0,17 0,14 0,15 0,16 0,14 0,15 0,17
Swing speed Front (cm/s) 97,49 111,50 123,70 122,30 126,10 130,90 95,80 105,40 143,10
Swing speed Hind (cm/s) 81,40 106,00 120,30 95,50 99,20 103,40 80,43 97,97 118,90
Step cycle mean (s) 0,30 0,34 0,40 0,31 0,34 0,37 0,28 0,35 0,39
Print position left (cm) 0,20 0,71 0,86 0,27 0,40 0,58 —0,34 0,06 0,72
Print position right (cm) —0,11 0,33 0,90 0,02 0,21 0,89 —0,03 0,20 1,27
Base of support front (cm) 1,21 1,83 1,94 1,49 1,72 1,88 1,38 1,47 1,77
Base of support hind (cm) 1,63 1,94 2,17 1,37 1,58 1,69 1,32 1,60 1,68
Regularity index (%) 100,00 100,00 100,00 96,67 98,15 100,00 100,00 100,00 100,00

Stand or Stance phase: duration of contact of a paw with the glass plate; Stride Length: distance between successive placements of the same paw; Swing: duration of no contact of a paw with the
glass plate; Swing Speed: speed of the paw during Swing; Step Cycle: time between two consecutive initial contacts of the same paw; Print Positions: distance between the position of the hind paw
and the position of the previously placed front paw on the same side of the body (ipsilateral) and in the same Step Cycle; Base of Support (BOS): average width between either the front paws or the
hind paws; Regularity Index: number of normal step sequence patterns relative to the total number of paw placements. Two-factorial nonparametric analysis of the data did not reveal a significant
difference in any of the parameters between sham, dCST and iDC group. Data are provided as median and interquartile range. Table 1 provides the adjusted p values for the 7-week period.

0#5002~ON 21214y

uofk1[(ayg


https://doi.org/10.1016/j.heliyon.2018.e00540
http://creativecommons.org/licenses/by-nc-nd/4.0/

14

| Heliyon
Article No~e00540

2.4. Histology

For histological analysis, rats were transcardially perfused with 0.9% NaCl for 5
minutes followed by 0.1 M phosphate-buffered 4% paraformaldehyde (PFA) pH
7.4 for 10 min. Whole vertebral columns were dissected and post-fixed in 4%
PFA solution overnight at 4 °C and stored in PBS with 0.05% sodium azide at 4
°C until further processing. Before cutting, spinal cords were dissected from the
vertebral column and transferred at 4 °C in a 0.1 M phosphate-buffered solution
with 15% sucrose and then with 30% sucrose for at least 24 hours each, and finally
transferred to a 1:1 mix of 30% sucrose solution and TissueTek O.C.T Compound
(Sakura Finetek USA, Inc.), overnight. Spinal cords were then embedded in Tissue-
Tek using Cryomolds (Sakura Finetek USA, Inc.) and subsequently frozen in 2-
methylbutane over liquid nitrogen. Spinal cords were cut in 15 um coronal sections
using a Leica 1950 Cryostat and collected into 1/10 series for stereological analysis.
Slices were immediately mounted on Superfrost Plus Slides (Thermo Scientific) and

stored at —20 °C until further processing.

For immunohistological analysis sections were washed with PBS + 0.1% Tween-20
(Sigma-Aldrich), and blocking and antibody dilution were performed using a PBS
solution containing 1% bovine serum albumin fraction (Sigma-Aldrich), 0.2% fish
skin gelatin (Sigma-Aldrich) and 0.1% Tween-20 (Sigma-Aldrich). Then, a
guinea-pig anti-GFAP antibody (Progen, 1:500) was applied overnight at 4 °C. A
donkey anti-guinea-pig Alexa Fluor 647 (Dianova, 1:1000) was applied as second-
ary antibody for 4 h at room temperature. For BDA detection, Alexa Fluor 568 con-
jugated streptavidin (Invitrogen, 1:400) was applied simultaneously to the secondary
antibody incubation. Nuclei were stained using 4’6-diamidino-2-phenylindole
(DAPL, Sigma-Aldrich, 0.5 pg/mL). Finally, sections were mounted using Prolong
Gold Antifade (Life Technologies).

Additionally, a Nissl staining was performed on the following section series as
described in [6]. Differentiation was stopped with absolute ethanol and sections

were then transferred to Neoclear (Merck) and mounted using Neomount (Merck).

The dorsal column and the border of the dorsal CST were visualized by dark field
phase contrast on dark-field microscopy (Fig. 1E and F). The percentage of trans-
ected dorsal CST was determined based on the CST area remaining after surgery
at the level of the lesion’s epicenter and the average CST area detected at the

same level in the sham group.

2.5. Statistical analysis

Statistical analysis was performed using GraphPad Prism 5 (GraphPad Software,
Inc.), Excel 2010 (Microsoft) and “R” (RCoreTeam (2017). R: A Language and

Environment for Statistical Computing. R foundation for Statistical Computing.

https://doi.org/10.1016/j.heliyon.2018.e00540
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2018.e00540
http://creativecommons.org/licenses/by-nc-nd/4.0/

15

| Heliyon
Article No~e00540

https://R-project.org/). Testing for normality of the data was performed using the
Kolmogorov-Smirnov Test, a test optimized for small sample sizes. Parametric
data were analyzed with one-way ANOVA with Tukey post-hoc tests and are pro-
vided as mean =+ standard deviation. Nonparametric data were analyzed using two
factorial analysis of the data with the R nparLD package, which is optimized for
nonparametric analysis of longitudinal data in factorial experiments with
ANOVA-like evaluation and Bonferroni post-hoc tests and are provided as median
(interquartile range - IQR) [17]. A p-value <0.05 was considered significant. Graph-
ical representation of the data is provided as box-whisker-plot. To control for false
discovery rate in the non-parametric analyses, p-values were adjusted using the
FDR-method in “R”.

3. Results
3.1. Histological evaluation of the spinal cord lesions

The rostro-caudal extent of lesions was determined by histological analyses (Fig. 1).
One rat of the sham group (laminectomy only, n = 10) was excluded due to the
presence of a superficial spinal cord lesion. A total of 10 rats underwent a transection
of the dorsal column, of which 5 rats presented a completed lesion (dCST lesion). In
this group, the lesion transected 99.2 + 1.2% of the dCST and most of the ventral
ascending sensory fibers (n = 5) (Fig. 1E, F). The remaining 5 rats had either
incomplete dorsal CST transection or misplaced lesion and were designated as the
incomplete dorsal column lesion group (iDC lesion). Of the latter, one rat had a
misplaced lesion, 2 rats had a lesion restricted to the ascending sensory tracts, and
2 more rats had only 33.2% and 68.4% of the dorsal CST transected, respectively.
The immunohistological detection of GFAP (Fig. 1C—D) revealed a rostro-caudal
extent of astrogliosis of 3105.0 £ 550.1 pm (n = 5) in the dCST-group and
1170.0 £ 690.7 um (n = 5) in the iDC-group seven weeks after transection, whereas
the examination of Nissl staining revealed an average lesion spreading over
3720.0 £ 648.7 um (n = 5) in the dCST-group and 1770.0 £ 1401 pm (n = 5)
in the iDC—group (Fig. 1B).

3.2. Postural reflexes

The so-called “scissoring” reflex results from an involuntary adduction of the limbs
due to the denervation of the CST. Rats of the lesion group in which the CST was
damaged showed overt adduction and “scissoring” of the limbs immediately after the
surgery and this abnormal reflex remained for up to seven weeks (Fig. 2A). In
contrast, scissoring was neither observed from rats of the sham group, nor from

the three rats of the iDC lesion group which retained an intact CST.

https://doi.org/10.1016/j.heliyon.2018.e00540
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
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Fig. 2. A) Comparison of the postural reflexes observed in rats of the sham and lesion group upon sus-
pension by the tail. The lesion of the dorsal CST was associated with abnormal adduction reflexes also
referred to as the “scissoring” reflex. Skilled walking performance was assessed as the percentage of cor-
rect forepaw stepping during the (B) Horizontal Ladder Walk and (C) the Grid Walk. Transection of the
dorsal CST was associated with a permanent motor deficit over seven weeks. D) Threshold of withdrawal
upon point pressure on the plantar surface of the paws was measured with the electronic von Frey hair test.
Five weeks after dCST lesion, a hyposensitivity in hind paws was detected and a slight, although not sta-
tistically significant, hyposensitivity in the fore paws as well. Rats with incomplete lesion showed neither
hyper nor hyposensitivity. E) Sensory function of the forepaws was also evaluated based on the latency to
detect a small sticker following application. Transection of the dorsal funiculus led to an increase of the
latency of detection in both lesion groups.

3.3. Motor tests
3.3.1. Skilled walking

The CST is important for the fine motor control and has been assessed by two skilled
walking tests, i.e. with the “Horizontal Ladder Walk” and with the “Grid Walk”
(Fig. 2B—C). The baseline performance in correct steps was recorded during the
last training pre-surgery. As expected, no significant differences were observed
pre-surgery between the sham and lesion groups (99.4% (IQR: 97.3—100.0%)
sham vs 97.7% (IQR: 96.3—100.0%) lesion and 96.5% (IQR: 95.5—97.5%) sham
vs 97.3% (IQR: 96.1—98.8%) lesion for the Horizontal Ladder Walk and the Grid
Walk respectively; sham n = 10, lesion n = 10). One week after surgery, the fre-
quency of correct steps in both tests significantly dropped in CST-lesioned rats
(68.9% (IQR: 59.2—79.9%) Horizontal Ladder Walk and 77.7% (IQR:
75.3—85.5%) Grid Walk, n = 5) as well as in rats with an incomplete lesion of
the dorsal column (79.9% (IQR: 77.4—88.3%) Horizontal Ladder Walk and 80.5%
(IQR: 76.5—85.4%) Gridwalk, n = 5) as compared to rats of the sham group
(98.7% (IQR: 93.6—99.5%) Horizontal Ladder Walk, n = 9; p < 0.0001 with
both lesioned groups and 95.4% (IQR: 94.7—98.4%) Grid Walk, n = 9; p <
0.0001 with both lesioned groups) (Fig. 2B—C). No difference between the lesion
groups were observed in a pairwise comparison in both skilled tests. The perfor-
mance of the lesioned rats plateaued from the second week post-contusion until

the end of the experiment.

https://doi.org/10.1016/j.heliyon.2018.e00540
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During voluntary walking analysis, rats freely transit across a glass plate without any

constrains or challenges. Numerous gait parameters were recorded using a CatWalk

XT apparatus (Noldus). Comparative analysis of 8 principal gait parameters (i.e.

base of support, regularity index, step cycle, print position, stand, swing, swing

speed, stride length; Tables 1, 2,

, 4,5, 6, and 7, Fig. 3) between rats of the

sham and the lesion groups did not reveal differences reaching a statistical signifi-

cance during voluntary and unchallenged walking.

3.4. Sensory tests

3.4.1. Electronic von Frey’s hair test

The von Frey’s hair test was performed on each paw separately of rats from the sham

and lesioned groups to detect potential changes in pressure perception, e.g. sensory

deficit or a decrease of the nocifensive threshold due to the appearance of allodynia

(Fig. 2D). No differences were detected between right and the left paws and therefore

values were pooled together. For the hind paws, the pressure required before the rats

perceived and withdrew their foot was significantly higher in the CST-lesioned

group than for the sham group and rats with the smaller incomplete lesion of the

A Regularity Index Step Cycle C Swingspeed-Front D Swingspeed-Hind
10! n 200 20
10185~ §* A0 T8 8GR T 0 éag& g 150 7 15
.o ? gﬂlil ﬂﬂﬂ EHIH o @E B H Emn EE aﬂﬁﬂﬂﬂgﬂéﬂagéﬂga ém E'Bgﬁ%ﬁﬂﬂﬁéﬂ égg ?
£ g ] g ot ﬂ
o i 2 s 2 s
E & o & @ O
N *,y@‘v"i@‘x'«xf‘,& ‘;4 Z@f ..\ .1\ .xx’ s’y “i., '#, é* .nf ..\“i., & .xx’ .n‘f ‘a., \i‘ﬁvﬂ‘#;\"#h&#"éfﬁﬁ ,p"'
E Base of Support-Front F Base of Support-Hind G Stand-Front H Stand-Hind

width [om]

1 o4y ?aﬂ & ?eé e ﬁéa ﬁag

z
s
g
3

gﬁh byt

0.4

time [s]

mm%ﬁN%%

T bbb s

time [s]

PO e o £
FFEESEE
[P g

Print Position-Left

B

delta Zero Position [cm] e
hd

delta Zero Positionfem] ¢

A
PP R e

Print Position-Right
2

_Jﬂaama s

FEFEFES
ISR

A

K Swing-Front
02

Cherrigin

FITIII7

L Swing-Hind

?1 el e gﬂE Enﬁ Bgé on E‘g

s -
ﬁ*e@#me‘j‘
& hﬁm'\

M Stride Length-Front

"l o 9 w08 0 009 e

length fem]

length fem]

N
& @“ # #P &
\*‘ ’L“‘ '5;‘ b'* ‘:" %

Stride Length-Hind

i 0 g e gl i

G EEESSESE

2 S

FFFESFSES

ROt A et o

3 Sham
1 CST-lesioned
3 DC-lesioned

Fig. 3. Gait analysis during voluntary locomotion by using the Catwalk XT system: A-N) Box-Whisker-

plot representations of the gait parameters over the follow up period. No statistical differences were de-

tected between the sham and the lesion groups (dCST and iDC) over the 7-week follow-up period.
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dorsal column (27.9 4 2.8 mN sham n = 5; 36.3 4+ 4.9 mN CST-lesioned n = 5;
28.32 4+ 3.6 mN iDC-Lesion n = 5; p = 0.0041 Sham:CST p < 0.01, Sham:DC
=ns, CST:DC p < 0.05 (Tukey’s post-hoc)). Similarly, a higher, but not statistically
significant, threshold of plantar pressure was required for the forelimbs of the CST-
lesioned group (9.3 £+ 2.3 mN sham n = 5; 13.9 £ 3.2 mN CST-lesioned n = 5;
10.98 £ 3.9 mN iDC-lesion n = 5; p = 0.0700).

3.4.2. Sticker test

The sticker test assesses the fine sensory perception of rats. In this test, the latency
for awareness and first removal attempt of a sticker placed on the dorsal side of a
front paw have been recorded. One week following lesion of the dorsal CST, the la-
tency in both lesion groups was significantly longer as compared to the sham group
(Fig. 2E). However, no difference was observed between CST-lesion and iDC-lesion
group. The longer latency in the lesioned groups remained significant over the 7
weeks post-surgery. In contrast, no significant differences in the sham group were
detected pre and post-surgery. The median latency pre-surgery for all rats was
0.75 s IQR: 0.5—1.0 s).

4. Discussion

Translation of therapeutic strategies from basic science to clinical practice is chal-
lenging in the SCI field [18]. Hence, appropriate behavioral tests to detect deficits
and recovery are crucial in order to develop and conduct reliable preclinical trials.
Clinical studies, which remain time consuming and expensive, profit from clear pre-
clinical read-outs. This study revisited the functional impact of dorsal CST dysfunc-
tion in a rat model, since the CST tract is of paramount importance for the control of

skilled movements in human.

Following dorsal CST transection, rats showed upon suspension by the tail a pro-
nounced adduction and extension reflexes in the fore and hind limbs, the so-called
“scissoring” reflex (Fig. 2A). This phenomenon has also been described in rats
following ablation of their motor cortex or in decorticated rats [19]. Strikingly,
this reflex was not observed in rats with lesions of the dorsal column leaving the dor-
sal CST intact and point towards a specificity of this reflex for the CST. Indeed, the
two rats bearing an incomplete lesion of the dorsal CST also showed some degree of
scissoring. In the clinical practice, this type of reflex can also be seen in patients with
disturbed CST function, such as cerebral palsy. Our observation indicates that the
“scissoring” reflex is a valuable noninvasive tool that can be used acutely to validate

lesion of the dorsal CST in rats before the initiation of treatment paradigms.

The role of the CST input in voluntary locomotion is fundamentally different in rat as

compared to human. Two anatomical differences are determinant in this respect.

https://doi.org/10.1016/j.heliyon.2018.e00540
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First, rats are quadrupeds and therefore have a different requirement of supraspinal
control to maintain body stability during locomotion. Moreover, innervation of alpha
motor neurons residing in the spinal ventral horn may involve a greater contribution
of the rubrospinal and reticulospinal tracts inputs in the rats, as compared to humans
[20, 21, 22]. Furthermore, the fraction of CST fibers having a monosynaptic connec-
tion to alpha motor neurons is significantly lower in rats than human, and these are
strictly located in the lateral and ventral white matter tracts of the spinal cord in ro-
dents [5, 23]. Together, these differences may allow for a greater compensation ca-
pacity of the motor control network following disruption of the dorsal CST in rats as

compared to the human.

Disturbances in voluntary locomotion were scrutinized using a CatWalk XT system,
which allows for an unbiased collection of multiple locomotion parameters simulta-
neously [24, 25]. The CatWalk has been previously shown to detect subtle, but sig-
nificant changes, in the stride length of mice following unilateral pyramidotomy at
the medulla level, although no overt deficit in over-ground locomotion were detected
[26]. Similarly, following a dorsal hemi-transection in rats, a lesion affecting more
spinal tracts than the selective dorsal CST transection performed in this study, a
decrease in stride length and regularity index were also observed in the early phase
after lesion [24]. In contrast, Hendricks and colleagues reported that following selec-
tive transection of the dorsal CST at the thoracic level 8, CatWalk analyses did not
reveal any significant differences as compared to the sham group, whereas rats with
lesions involving dorsal CST and the rubrospinal tract showed differences in the reg-
ularity index and the base of support [27]. Similarly, in the current study involving a
transection of the dorsal CST at a higher level (i.e. cervical level 4), none of the loco-
motion parameters analyzed in the lesioned groups presented significant differences,
as compared to the sham group, when considering the whole follow-up period of 7
weeks. These parameters included stride length, regularity index and base of support
(the complete data set is represented in Tables 1, 2, 3, 4, 5, 6, and 7). Some param-
eters significantly changed over time: base of support (hindlimbs), stand (hindlimbs),
stride length (fore and hindlimbs), swing (fore and hindlimbs) and swing speed
(forelimbs). However, these changes observed over time took place regardless of
group belonging, which suggests a training effect rather than a treatment effect.
Taken together, these observations substantiate that the relevance of the dorsal
CST during unchallenged locomotion in rats is minor and can be efficiently compen-

sated by local spinal circuits and/or other descending tracts [28, 29].

“Horizontal Ladder Walk” and the “Grid Walk” test were used to assess skilled
walking, which is assumed to rely more strongly on CST function. In agreement
with previous studies [14, 15, 30], transection of the CST provoked functional def-
icits persisting over the entire follow-up period for both tests (Fig. 2). Deficits were
also observed in rats bearing a lesion of the dorsal column with incomplete or

absence of dorsal CST transection. While not statistically significant different
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from the dCST lesion group, the iDC group had a slightly milder impairment.
Although our data underscore the pivotal role of the dorsal CST for the skilled loco-
motion, lesion restricted of the gracile and cuneate fasciculi have also been shown to
cause sensorimotor deficits. Therefore, the contribution of damages to these
ascending sensory pathways, which is inevitable following dorsal CST transection,

should not be neglected nor underestimated [15, 31, 32].

In addition to classical locomotion-based functional analysis, the food pellet-
reaching test has been established to assess CST functionality in rat SCI models.
The food pellet-reaching test assesses skilled and goal-orientated behaviors that
can be sub-divided in various components, up to eleven, and comprises: aim, prona-
tion, grasp, supination [33, 34]. Cervical unilateral hemisection and bilateral dorsal
column transection were reported to result in a significant and permanent decrease of
pellet retrieval success [32, 33]. Transection of the dorsal CST also leads to decrease
in pellet-reaching performance. However, the long term outcome appears to be
dependent on the level of the lesion, as a C3 transection of the complete dorsal col-
umns was reported to lead to a transient deficit, whereas transection at the cervical
level 2 has been associated with only partial recovery [6, 32]. Assessing and
comparing the performance for the pellet reaching test is moreover complicated
by adaptive grasping strategies acquired by the lesioned rats [9, 33, 35] and the dif-
ferences in reaching characteristics between different rat strains [36, 37]. Finally, the
food pellet-reaching test has been shown to bear a strong rubrospinal tract compo-

nent and was for all these reasons not included in this study [22, 35].

Hypersensitivity and allodynia can become severe debilitating issues after SCI and
therefore sensory monitoring is an essential aspect to be considered throughout the
development of new treatment strategies for SCI. Monitoring for neuropathic pain is
crucial following SCI as this sensory deficit is observed in about 80% of patients
following spinal cord injury, and in addition, regenerative therapies could either
diminish or even exacerbate this symptom through sprouting and plasticity [38].
Our measurements using the von Frey hair test during the follow-up period substan-
tiated that the near to complete dorsal column transection occurring during the dorsal
CST transection causes hyposensitivity rather than a lower nocifensive threshold
over time. However, the lesions leaving parts of or the complete dorsal CST intact
were smaller in size and did neither cause significant hypo or hypersensitivity in the
paws (Fig. 2D). A hyposensitivity following transection of the dorsal CST was also
suggested by the longer latency in the “sticker test”, although the variability in this
test appeared to be substantial (Fig. 2E).

In summary, pre-clinical research in the SCI field requires reliable tests to monitor
the CST function due to its paramount importance in motor execution in human.
This study underscores the importance of challenging motor functions to reveal

the functional deficits resulting from dorsal CST transection in rats. Hence, even
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sophisticated analyses addressing voluntary walking, such as provided by the
CatWalk, did not reveal motor deficit. In contrast, during the Horizontal Ladder
Walk and Grid Walk tests, rats require continuous feedback of the visual and propri-
oceptive input in order to successfully execute stepping and therefore these two tests
were sensitive to dorsal CST lesion. “Scissoring” reflex was found to be reliable to
assess the lesion of the dorsal CST acutely after surgery and can allow for immediate
validation of rats for the experimental groups. Finally, one should keep in mind that
recovery following traumatic spinal cord injury will always involve functional resto-
ration and functional compensation and adaptation. The extent of these processes are
species specific and it is still largely unknown which animal readouts can predict
functional outcome in humans at best.
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