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Background: The present study was designed to examine the functional recovery following spinal cord injury
(SCI) by adjusting the parameters of impact force and dwell-time using the Infinite Horizon (IH) impactor
device.
Methods: Sprague-Dawley rats (225−240 g) were divided into eight injury groups based on force of injury
(Kdyn) and dwell time (seconds), indicated as Force-Dwell time: 150-4, 150-3, 150-2, 150-1, 150-0, 200-0, 90-2
and sham controls, respectively.
Results: After T10 SCI, higher injury force produced greater spinal cord displacement (P ＜ 0.05) and showed
a significant correlation (r = 0.813) between the displacement and the force (P ＜ 0.05). In neuropathic
pain-like behavior, the percent of paw withdrawals scores in the hindpaw for the 150-4, 150-3, 150-2, 150-1
and the 200-0 injury groups were significantly lowered compared with sham controls (P ＜ 0.05). The recovery
of locomotion had a significant within-subjects effect of time (P ＜ 0.05) and the 150-0 group had increased
recovery compared to other groups (P ＜ 0.05). In addition, the 200-0 and the 90-2 recovered significantly
better than all the 150 kdyn impact groups that included a dwell-time (P ＜ 0.05). In recovery of spontaneous
bladder function, the 150-4 injury group took significantly longer recovery time whereas the 150-0 and the
90-2 groups had the shortest recovery times.
Conclusions: The present study demonstrates SCI parameters optimize development of mechanical allodynia
and other pathological outcomes. (Korean J Pain 2016; 29: 86-95)
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INTRODUCTION

MATERIALS AND METHODS

A necessary key in the study of central neuropathic
pain (CNP) mechanisms after spinal cord injury (SCI) is the
development of a reproducible and clinically relevant rodent
animal model for laboratory use: 1) with similar pathophysiology and outcomes observed in people with SCI, and
2) with clear and measurable behavioral outcomes. While
there are various rodent animal models of SCI that develop
central neuropathic pain [1-11], one of the commonly used
animal models is the spinal contusion injury model, which
parallels the injury profile described in human SCI
[4,8,12,13].
The standardization of contusion parameters yields
consistent and reproducible spinal injuries with central
neuropathic pain. For example, the New York University
(NYU) device allows researchers to develop criteria for inclusion or exclusion based on correlations of behavioral
outcomes to specific mechanical parameters of the device,
such as measured drop height, impact velocity and cord
displacement. Using the NYU impactor, literature reported
greater reproducibility and better modeling of spinal injuries with neuropathic pain-like behavioral outcomes
[4,5,14-18]. More recently, the “next generation” impact
device allows more user input to “dial in” to a desired impact profile, so that the force of impact, spinal cord displacement and duration of compression (dwell-time) is
consistently controlled by the programmed device. The
OSU device (developed at Ohio State University) [19,20] and
the Infinite Horizon (IH) impactor (Precision Systems &
Instrumentation) [21] are two such devices.
This study was designed to examine chronic neuropathic pain-like behavior, such as mechanical allodynia, in
a rat model of SCI by adjusting the parameters of impact
force and dwell-time using the IH impactor. In addition,
other standards of outcome measures, locomotor function
[15,22] and spontaneous bladder recovery [23] were
analyzed. Based on previous studies [21], we specifically
focused our comparison with impact forces of 90, 150 and
200 kdyn combined with dwell-time that had not been
previously reported using this device. We experimented
with dwell-times ranging from 1 second to 4 seconds in
the generation of chronic mechanical allodynia and other
standard behavioral measures of locomotor function and
bladder function recovery.

1. Experimental animals
Subjects were male Sprague Dawley rats (225-240 g)
(Harlan Sprague-Dawley, Houston). Animals were housed
on a 12 hour light/dark cycle. Experimental procedures
were in accordance with the NIH Guide for the Care and
Use of Laboratory Animals as well as the UTMB Institutional Animal Care and Use Committee (IACUC) guidelines.
Animals were divided into eight groups with varying injury
parameters based on force of injury and dwell time which
is the duration of impact (indicated as Force-Dwell time):
150-4 (150 kdyn force impact-4 second dwell time), 150-4,
150-3, 150-2, 150-1, 150-0, 200-0, 90-2 and sham injury (laminectomy only and mounting at the IH frame)
controls. In the present study, we have categorized the experimental groups with two points. Firstly, mild to severe
injury (between subjects) ranged from 90 kdyn to 200
kdyn injury force are compared. Secondly, 150 kdyn groups
(within subject) with dwell times are compared. Previously,
we and others commonly have used the 150 kdyn injury
force for the spinal cord injury with the IH Impactor device.
We have extended the SCI study with more optional parameters; from no dwell time to a 4 second dwell time.
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2. Surgical and injury procedures
Surgery was performed after intraperitoneal administration of sodium pentobarbital (i.p., 50 mg/kg). Anesthesia
was considered sufficient when the flexor-withdrawal reflex to noxious stimulus was absent. After shaving and
sterilizing the skin, a #10 blade scalpel was used to make
a longitudinal incision along the surface of the back skin.
The musculature from the posterior surface of the vertebral bodies on both sides of the vertebral column between
thoracic segments 9 and 11 (T9-T11) was cleared and retracted, and a laminectomy was performed exposing the
T10 spinal cord segment. Once the spinal cord was exposed, the animal was placed in the IH impactor (Precision
Systems and Instruments, LLC, Lexington, KY, USA) by
clamping the transverse processes of vertebrae T9 and
T11. The IH impactor, uses a 2 mm impact rod tip to contuse the spinal cord and the user determines the force and
duration of the impact, the latter being the length of time
which the rod compresses the spinal cord at the desired
force, or “dwell-time”, set in increments of 1 second. The
software (PSI IH spinal cord impactor, version 5.0.3) re-
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cords the actual force of impact (m/sec) and spinal cord
displacement (m). Contusion of the spinal cord was carried out according to the injury parameters for each group.
Eight groups of animals were contused: Five groups at 150
kilodynes (kdyn) of force with dwell-times from 0 to 4 seconds (n = 9, n = 9, n = 8, n = 7 and n = 7 respectively);
one group was injured at 200 kdyn of force with zero
dwell-time (n = 7); and one group was injured at 90 kdyn
with a two second dwell-time (n = 8). After impact, the
animals were removed from the device, the muscle and
fascia were sutured with 5-0 Prolene suture (Ethicon,
Somerville, NJ) and the skin incision was closed with
autoclips. Animals were allowed to recover on a thermal
blanket (Vetko Thermal Barrier, Harvard Apparatus, South
o
Natick, MA) at 37 C. Post-surgical care included food and
water ad libitum. Animals had their bladders manually expressed twice daily until two consecutive days of spontaneous bladder control had been demonstrated (minimal to
no retained urine at expression time), and were treated
with subcutaneous injection of prophylactic antibiotic
(Baytril, 30 mg/kg in 0.3 ml injections) during several days
following SCI.
3. Behavior
1) Locomotor function
Locomotor recovery was tested using the open field
test modified by Basso, Beattie and Bresnahan and most
commonly known as the BBB Locomotor Rating Scale [22].
The score assesses the locomotor ability following SCI in
rodent models and allows validation of the ability of the
hindlimbs to locomote and bear weight so that somatosensory testing is feasible. Briefly, Scores 0-7 rank the
early phase of recovery indicating movement of the primary 3 joints (hip, knee and ankle), scores 8-13 describe
the intermediated phases of recovery from weight bearing
stance to coordinated stepping and scores 14-21 rank the
late phase with the return of toe clearance, paw position
and trunk stability. A score is determined for each hindlimb
(left and right) and the combined score is recorded as the
daily score for the animal. The BBB scores were measured
daily for 14 days and on days post-injury (DPI) 21, 28 and
35.
2) Mechanical sensitivity
A blinded observer performed behavioral tests to determine the paw withdrawal force of von Frey filament
stimuli. Prior to testing, all animals were environmentally

acclimated to the clear Plexiglas testing apparatus (8 ×
8 × 18 cm) for 1 hour daily for 3 days. Preoperative testing, consisting of 3 separate days of testing, began 5 days
prior to injury to establish presurgical baseline behaviors.
Tests were performed postoperatively at day 28 and day
35 after SCI. Since no significant side-to-side differences
were found, data from each paw (left and right of both
forepaws and hindpaws) were combined for the comparison.
Neuropathic pain-like behaviors induced by SCI were
quantified using a paw withdrawal paradigm in both forepaws and hindpaws. Von Frey filaments of a known and
calibrated bending force were pressed against the center
of the glabrous surface of each paw, and then held for 4
seconds. Each von Frey filament was stepped up until paw
withdrawal occurred, accompanied by active attention of
the rat to the stimulus by head turning, biting attacks on
the stimulus, and whole-body postural changes in response to the mechanical stimuli [7,24-26]. The calibrated
von Frey filament force ranged from undetectable (0.072
mm filament diameter, 0.2 g force) to noxious (1.43 mm
filament diameter, 300 g force). In the present study, we
have focused the von Frey filament force at which withdrawal firstly occurred and the von Frey filament force was
recorded as the withdrawal force value that was displayed
by the changes of von Frey filament force. Those withdrawal tests mimic the algometer methods that record the
withdrawal force induced by mechanical pressure. To perform these tests, rats were placed inside Plexiglas boxes
on an elevated, fine wire mesh screen and acclimated for
60 min prior to testing. The von Frey filament was applied
through the mesh to the center of plantar surface of the
glabrous skin of each paw. A single trial consisted of the
application of the stimuli, applied once every 3 to 4 sec,
increasing in intensity. Data were analyzed as a percentage of presurgical baseline values and comparisons were
made between the different paw withdrawals. In this method of comparison, post injury scores of 100% indicate no
change from presurgical baseline values while scores descending below 100% indicate increased withdrawals to von
Frey filaments.
3) Bladder function
Following SCI, animals showed loss of spontaneous
bladder function depending on the severity of the injury.
The SCI literature reports that micturition in rats is resumed after a period of several days up to 2 weeks [23,
www.epain.org
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27]. We manually expressed the bladder twice daily until
the function returned to normal. We used an arbitrary
score of “+” (plus), “+/−” (plus/minus) and “−” (minus)
for urine retention with plus being very retentive, approximately 1.5 cm in diameter, and minus being normal, 0.5
cm diameter or less. As the animal regains function, there
may be times when a minus score is followed by a plus
score. Our experience showed that consistent normal
function occurred only after three consecutive minus
scores. Therefore, an injured animal was considered to
have regained normal bladder function on the day of the
third consecutive minus score.
4) Statistical analysis
Measurements of locomotor recovery were analyzed
with a repeated measures analysis of variance. All other
tests used a multiple group one way analysis of variance
(ANOVA). Where appropriate, groups were compared with
Tukey HSD post-hoc statistical tests. Scatter plot with lin-
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ear regression was used to test the relationship between
individual actual force against the actual displacement for
each animal. All tests were performed using SPSS software
(ver. 14, SPSS Inc., Chicago, IL). Significance was set at
P ＜ 0.05. Values are expressed and graphed as mean with
standard error of the mean (mean ± S.E.).

RESULTS
Fig. 1 represents the mean actual force (A) and displacement (B) values obtained from the output report of
each impact paradigm using the IH impactor. There was
no significant difference in force (Fig. 1A, P ＞ 0.6 for all
comparisons) or displacement (Fig. 1B, P ＞ 0.8 for all
comparisons) between groups with the same injury force
parameters (the 150 kdyn groups), independent of any
predetermined dwell-time values. However, the actual displacements and forces between groups of differing preset

Fig. 1. The relationship between actual force of impact
and actual spinal cord displacement. All programmed
injury mode produced consistent actual injury outcomes.
In comparison of injury force (A) and displacement (B),
the 200 kdyn group (*P ＜ 0.05) and 90 kydn group
#
( P ＜ 0.05) showed significant difference compared to
150 kdyn group, respectively. However, the all 150 kdyn
groups did not show significant differences, suggesting
the programmed injury mode produced consistent
outcomes. (C) Scatter plot with linear regression graph
revealed significant correlation between the actual force
and the tissue displacement. Data are plotted as mean
± S.E.
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forces were significantly different, independent of dwelltime settings. The 200-0 group (200 kdyn, 0 s dwell time)
had a significantly higher actual force (219.5 ± 4.02 kdyn)
than any of the 150 kdyn groups (150-0: 165.8 ± 3.84
kdyn; 150-1: 159.7 ± 1.17 kdyn; 150-2: 156.5 ± 2.09 kdyn;
150-3: 161.0 ± 3.04 kdyn; and 150-4: 157.9 ± 2.26 kdyn;
*P ＜ 0.05 for all comparisons) and the 90-2 group (93.9
± 1.01 kdyn; P ＜ 0.05). Each of the 150 kdyn groups had
significantly higher actual forces when compared with the
90-2 group as well (#P ＜ 0.05 for all comparisons).
Additionally, the 200-0 injury group had a significantly
greater spinal cord displacement (1190.2 ± 34.37 m) than
any of the 150 kdyn groups (150-0: 902.2 ± 65.31 m;
150-1: 926.0 ± 54.42 m; 150-2: 963.00 ± 78.48 m;
150-3: 1002.0 ± 30.06 m; and 150-4: 992.4 ± 27.11
m; *P ＜ 0.05 for all comparisons) and the 90-2 injury
#
group (534.0 ± 62.95 m; P ＜ 0.05). In addition, each
of the 150 kdyn injury groups had significantly greater spinal cord displacements than the 90-2 group (P ＜ 0.05
for all comparisons). There was a significant correlation
observed, r = 0.813 (Fig. 1C, P ＜ 0.05), for actual spinal
cord displacement as a function of actual force of impact.
These data indicate the consistency of the impact device,
as well as the ability to have a user defined parameter of
dwell-time that does not affect other biomechanical prop-

erties of the injury, specifically spinal cord displacement
or actual force applied in the impact.
Fig. 2A demonstrates the spontaneous recovery of locomotion (BBB scores) among SCI groups. Analysis of variance for repeated measures indicated that 150 kdyn
groups (open circle)showed significant differences compared to other groups (150 vs. 200 and 90 kdyn groups)
indicating that the locomotor recovery most likely related
to the injury parameters assigned to given groups (*P ＜
0.05 for all comparisons). In addition, the 200-0 (closed
diamond) and the 90-2 (open diamond) groups showed
more significant recoveries than all the 150-3 (closed
square) and 150-4 (open square) groups that included a
#
dwell-time ( P ＜ 0.05 for all comparisons). Interestingly,
there was no significant difference between the 200-0
group and the 90-2 group (P ＞ 1.0) indicating a similar
locomotor recovery pattern between groups, in spite of one
group having an injury force of about one half the intensity
but including a 2 second dwell-time. Additionally, there
were no significant differences between all 150 kdyn groups
that included a dwell-time (P ＞ 0.7 for all comparisons),
indicating a similar pattern of locomotor recovery from injuries of the same force that include a dwell-time, irrespective of the duration of dwell-time (within our tested
range of 1-4 seconds). To confirm the feasibility of behav-

Fig. 2. BBB rank scores of hindlimb locomotor function after SCI with varying impact forces and dwell-times. (A) The 150
kdyn with no dwell-time (150-0) group (*P ＜ 0.05) showed the most improvement over time. Five days after SCI, 200-0
and 90-2 groups showed significant differences compared to 150-3 group (#P ＜ 0.05). (B) The 150-0 group resulted in
a significantly higher BBB score than all other injury groups at this time point (*P ＜ 0.05). The both 200-0 and 90-2 groups
#
showed significant differences compared with 150-0 groups ( P ＜ 0.05). Data are plotted as mean ± S.E.
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Fig. 3. Histogram of paws withdrawal responsiveness to von Frey filaments. Mechanical allodynia was evident at both
forelimbs (A) and hindlimbs (B), respectively. 150 kdyn with dwell time groups showed mechanical allodynia at both 4 and
$
5 wks after SCI whereas other groups showed variable patterns. (*P ＜ 0.05 for 4 weeks and P ＜ 0.05 for 5 weeks
compared to sham group, respectively). Data are plotted as mean ± S.E.

ior testing, only day 28 post-injury of the BBB scores was
analyzed by post hoc tests (28 days post-injury, Fig. 2B).
The BBB score of the 150-0 group was 14.63 ± 0.984 and
showed significant differences compared to all other
groups (*P ＜ 0.05 for all comparisons). The 200-0 and
90-2 groups were 10.36 ± 1.052 and 10.56 ± 0.984, respectively and showed significant differences compared to
#
all 150 kdyn groups ( P ＜ 0.05 for all comparisons). The
150 kdyn with dwell-time groups (150-4: 5.75 ± 1.137;
150-3: 6.14 ± 1.052; 150-2: 6.63 ± 0.984 and 150-1:
6.22 ± 0.982) did not show significant difference between
these groups of equal force and varying dwell-times (P ＞
0.9).
Fig. 3 represents changes of mechanical withdrawal
threshold in both forepaws (A) and hindpaws (B) after injury compared to baseline measures. In week 4, percent
of baseline threshold scores in forepaws for the 150-4,
150-3 150-2 and 150-1 groups was 20.10 ± 4.7%, 36.07
± 4.9%, 28.54 ± 5.0% and 30.13 ± 4.1%, respectively
and showed significant differences compared to the sham
controls (97.12 ± 12.1%, *P ＜ 0.05 for all comparisons).
The 150-0 group (69.5 ± 10.9%) and the 200-0 (97.40
± 7.3%) group showed no significant difference compared
with the sham controls; whereas the 90-2 injury group
(55.00 ± 10.6%) showed significant difference compared
to the sham controls (#P ＜ 0.05, Fig. 3A). By week 5,
however, all SCI groups showed significant differences
$
compared to the sham controls ( P ＜ 0.05 for all compar-
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Fig. 4. The duration of bladder dysfunction until onset of
spontaneous bladder voiding. Note that the 150-4 group
took significantly longer to recover function than all other
groups (*P＜0.05). The 150-0 and 90-2 groups showed
significant differences compared with 150 kdyn with dwell
#
time groups ( P＜0.05). Additionally, the 200-0 injury group
recovered more quickly than the 150-1 and 150-2 groups
$
( P＜0.05). Data are shown as mean days post-injury for
full bladder voiding ± S.E.

isons, Fig. 3A). In week 4, the percent of baseline threshold scores in hindpaws for the 150-4, 150-3, 150-2 and
150-1 groups was 9.49 ± 3.4%, 9.77 ± 2.1%, 12.36 ±
2.3% and 21.87 ± 3.4%, respectively and showed significant differences compared to the sham controls (101.25
± 3.5%, *P ＜ 0.05). The 150-0 group (98.69 ± 7.9%)
and the 90-2 (93.26 ± 5.6%) group showed no significant
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difference; whereas the 200-0 injury group (69.33 ±
13.5%) showed significant difference compared to the sham
#
controls ( P ＜ 0.05). In addition, the changes of baseline
threshold scores by week 5 showed similar patterns compared to week 4 ($P ＜ 0.05 for all comparisons, Fig. 3B).
Bladder recovery was recorded as the day post-injury
on which the third consecutive minus score was recorded
(see methods), which is measured at the time of manual
bladder expression. In one way ANOVA of the injury groups
and post hoc tests for multiple groups showed a statistically significant difference between the groups (Fig. 4). The
150-4 injury group took significantly longer to recover
spontaneous bladder function (12.86 ± 0.595 days) than
all other groups (*P ＜ 0.05 for all comparisons). The
150-0 (4.88 ± 0.350 days) and the 90-2 (4.75 ± 0.491
days) groups had the fastest recovery times compared to
#
all of the 150 kdyn with dwell-time groups ( P ＜ 0.05 for
all comparisons), but the difference compared to the
200-0 group was insignificant (P ＞ 0.7). Additionally, the
200-0 injury group (6.29 ± 0.747 days) recovered more
quickly than the 150-1 (9.00 ± 1.143 days) and 150-2
$
(8.88 ± 0.789 days) groups ( P ＜ 0.05 for each comparison) but not the 150-3 (7.75 ± 0.559 days) group (P ＞
0.1, Fig. 4).

DISCUSSION
The design of this study was to examine functional
outcomes, such as mechanical allodynia, locomotor recovery and spontaneous bladder recovery, in a rat model of
contusive spinal cord injury (SCI) using the IH impactor
device. In the present study, we compared functional outcomes by the differential application of injury forces and
dwell times. The 150-4 group (150 kdyn - 4 second
dwell-time) had the greatest decrease in paw withdrawal
forces to mechanical stimuli, which we interpreted to be
mechanical allodynia, the longest bladder recovery time
and the lowest locomotor recovery score by the end of
testing periods. The 150-0 group had the highest BBB
scores on all testing days, one of the shortest bladder recovery times, little change in mechanical thresholds in
hindpaws. By contrast, the addition of dwell time to the
150 kdyn force resulted in significant mechanical allodynia
in forepaws and hindpaws, longer bladder recovery times
and lower BBB scores. In addition, the 200-0 group had
mechanical allodynia, whereas the 90-2 group, although

similar in BBB scores to the 200-0 group, did not display
mechanical allodynia to mechanical stimuli.
The differential behavioral outcomes between injury
groups could be differently attributed by various mechanical properties of the contusion injury, such as injury force,
impact velocity, depth of spinal compression at injury, or
duration of compression, respectively. We examined three
forces of programmed impact force: 90 (mild), 150 (moderate) and 200 (severe) kdyn and observed significant differences in actual force of injury between rats groups.
Additionally, the three groups yielded spinal cord displacements that were significantly different between the groups
but not within a group; as impact force increases, the spinal cord displacement also increases. The significant correlations between injury force and tissue displacement using the IH impactor device is also demonstrated in mice
SCI [28]. Therefore, our findings suggest that the IH impactor allows for strict and reproducible control over the
biomechanical properties of spinal injury to accurately
predicted behavioral outcomes.
Of significant note, the addition of any dwell time to
the 150 kdyn injury force had no significant effect on either
actual force or actual displacement, but had a profound effect on behavioral outcomes. The addition of a dwell time
to the 150 kdyn injury significantly reduced the paw withdrawal force for both hindpaws and forepaws; however
there were no significant differences between groups for
different dwell times. Additionally, an injury with relatively
mild impact force (90 kdyn) with two second dwell-time
had outcome measures that closely resembled a moderate
to severe injury (200 kdyn) with no dwell time. One possible interpretation for this finding is that the increase in
compression duration is sufficient to induce an additional
ischemic component to the injury. Ischemic injury to the
spinal cord induces significant necrosis and apoptosis of
neuronal populations [29] and results in increased extracellular concentrations of excitatory amino acids that
reach cytotoxic levels and neuropathic pain-like outcome
[10,30]. Edema, secondary neuronal loss from necrosis,
apoptosis and inflammatory cell infiltration result from ischemic events. Ischemia of the spinal cord is the basis of
non-contusive models of SCI [1,31,32] where blood flow to
the spinal cord is reduced by blocking aortic blood flow or
placing a mechanical clamp on the spinal cord for seconds
to minutes of durations. The IH impactor with no dwell time
setting impacts the cord and quickly retracts from the spiwww.epain.org
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nal cord once the programmed force is reached, unlike the
NYU device in which the impactor remains for several seconds until the investigator manually withdraws it. We propose that the setting of a dwell time reduces blood flow
to surrounding tissue adding ischemic insult to neuronal
populations already under stress condition due to SCI.
Thus, dwell time exacerbates neural injury that results in
worsened outcomes, including mechanical allodynia and
delayed recovery of locomotion [28].
Besides mechanical allodynia, other behavioral outcome measures, such as locomotor and bladder function,
are important factors to consider in SCI models. Locomotor
function allows investigators to evaluate the accuracy and
severity of injury, as hindlimb patterns of function are
consistent within a given injury profile. One of the common
locomotion outcome measures is the open field test with
rank scores assigned by trained behaviorists, often referred to as the BBB locomotor score [22]. BBB scores are
used to categorize animals into “mild”, “moderate” and
“severe” categories [4,15,20-22]. We confirmed that the
injury severity showed significant correlation with the locomotor dysfunction and extended the previous report that
the addition of the “dwell time” component worsens the BBB
score. Because the force and tissue displacement cause
more closed effect on the death of motor neurons, the
higher force/displacement causes the lower recovery of locomotion that shows strong correlation to the neuronal
damages include the death of motor neurons, myelin sparing, and activation of microglia/macrophages [28].
Another outcome measure that is an important factor
to consider in SCI models is lower urinary tract dysfunction
after SCI. Bladder dysfunction contributes to morbidity and
mortality, and is an important quality of life issue for people with SCI [33]. Literature has shown a strong correlation
between severity of trauma and bladder dysfunction after
SCI [23,27]. We selected measuring the bladder size to test
the ability to retain urine. The recovery of bladder function
does not show correlation with other behavioral outcomes
that were previously reported [34,35] suggesting different
mechanisms between somatosensory and autonomic pathophysiology following SCI. The emptying/retention of urine
is mediated by the activity of the detrusor muscle and external urethral sphincter, which are innervated by sympathetic and parasympathetic tone, respectively [36].
However, SCI interrupts ascending and descending pathways for urination and causes bladder dysfunction that rewww.epain.org
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sult in increases of urine retention, such as polyuria [34],
an important factor of clinical urinary diseases including
nephritis and urinary tract infection. It is well documented
that the bladder dysfunction following SCI is mediated via
the imbalance between descending sympathetic and parasympathetic tones. In the present study, we confirm and
extend previous findings, and report that increases of force
and displacement significantly affect locomotor abnormality
and the duration of bladder dysfunction [34,35,37]. As with
mechanical allodynia, the inclusion of a dwell-time in the
injury paradigm had a significant negative impact on these
outcome measures.
In summary, it is important to characterize the relationship of SCI parameters and behavioral outcomes to
suggest putative therapies in animal models on neuropathic pain, recovery of locomotion, and bladder function
following SCI [38]. Among the most problematic to people
with SCI are bladder, bowel and sexual dysfunction and
chronic pain syndromes [33], and the management of
those dysfunctions are strongly correlated with perceived
quality of life [39]. Because of the consistency and reproducibility of CNP outcomes in the optimized SCI model,
the detail studies with molecular, biochemical, anatomical
and functional consequences may allow targeted therapeutic interventions. In conclusion, the present study
suggest that different parameters of low thoracic spinal
contusion injury induced by an IH Imapctor device determine the development and maintenance of mechanical
allodynia in both hindpaws, recovery of locomotion on hindlimbs and bladder function, respectively. Therefore, the
selection of a SCI model is a critical factor to design the
therapeutic strategies for SCI-induced pathophysiological
study with neuropathic pain, motor and bladder functions.
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