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Abstract: restoration of the spinal cord function presents a most severe biomedical issue nowadays. The aim 
of the study was to detect the macroporous poly(N-[2-hydroxypropyl]-methacrylamide hydrogel (PHPMA-hydro-
gel, HG) restorative effect dependence on the severity of the laceration spinal cord injury in young organisms. 
The male rats sample (~1-month-old, ~50 g, inbred Wistar line) was represented with 4 experimental groups: 1) 
spinal cord lateral hemisection at the level of ~Т12–Т13 segments (Sect; n=11); 2) spinal cord lateral hemiexcision 
~1 mm long at the similar level (Exc; n=8); 3) spinal cord lateral hemisection at the similar level with immediate 
implantation of the hydrogel fragment into the trauma region (HGsect; n=11); 4) spinal cord lateral hemiexcision 
at the similar level with immediate implantation of the hydrogel fragment into the affected region (HGexс; n=6). 
The motor function and spasticity of the paretic hindlimb was estimated respectively by the technically modified 
Basso–Beattie–Bresnahan (ВВВ) and Ashworth, conditionally blinded to individual characteristics of all operat-
ed animals and previous study results. The observation lasted for ~5 months. The criteria of non-inclusion were 
as follows: the ipsilateral hindlimb function level in a week after the injury >9 points ВВВ, and the contralateral 
hindlimb function level during prolonged period ≤14 points ВВВ. The results were interpreted and presented 
according to the standardized time scale with interpolatory representation of the motor function and spasticity 
individual level in certain cases. Asymptotic stage differences between the studied groups and subgroups were 
stated during the first three weeks as well as in 8 weeks and 3 months after the injury. We found out that in a 
week after injury the motor function level in group Exc made up 0.9±0.5 points ВВВ, in group HGexc — 3.6±1.2 
points, in group Sect — 5.9±1.1 points, in group HGsect — 6.0±1.0 points. In 5 months the motor function level 
in group Sect made up 9.5±1.0 points ВВВ, in group HGsect — 9.5±1.1 points, in group Exc — 0.8±0.3 points, 
in group HGexc — 4.5±1.8 points. At the same study stage the spasticity level in groups Sect and HGsect was, 
respectively, 0.8±0.2 and 0.8±0.3 points Ashworth, in group HGexc — 1.8±0.7 points, in group Exc — 3.6±0.3 
points. Throughout the study no significant differences in groups Sect and HGsect have been detected, and in 
groups Exc і HGexc such differences were detected only in 5 weeks after the injury. The considerable difference of 
spasticity in groups Sect and HGsect was noted in 1 week after the injury, in groups HGexc and Exc — during first 
2 months of the experiment. In groups Sect and Exc reliable difference of both motor function and spasticity level 
was found at all study stages. In groups HGsect and HGexc considerable difference of the motor function level 
was characteristic at all stages, except for the end of the 1st and 7th weeks, whereas spasticity level differences 
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Introduction. Spinal cord injury (SCI) in most cas-
es represents a complex nervous system injury, which 
significantly deteriorates life quality and decreases life 
span of the patients (DeVivo, 2012; Pretz, Kozlowski, 
Chen, Charlifue & Heinemann, 2016). The estimated 
annual global SCI occurrence equals ~1 million people, 
with ~27 million people affected (GBD 2016 Traumat-
ic Brain Injury and Spinal Cord Injury Collaborators, 
2019), which more often relates to the middle-aged 
males (Singh, Tetreault, Kalsi-Ryan, Nouri & Fehlings, 
2014) and causes lifelong disability in half of all cases 
(DeVivo, 2012).

The gravest consequence of the SCI, not to mention 
its quite significant mortality (DeVivo, 2012), is mani-
fested as the loss of motor and other spinal cord func-
tions below the affected region, which is accompanied 
with the autonomic imbalance (Hou & Rabchevsky, 
2014; Hamid et al., 2018), spasticity syndrome (Nielsen, 
Crone & Hultborn, 2007; Holtz, Lipson, Noonan, Kwon 
& Mills, 2017), chronic pains (Finnerup et al., 2014), 
as well as affective (Lee, Nam, Kim & Hwang, 2019; 
Wan, Chien, Chung, Yang & Tzeng, 2020) and even cog-
nitive disorders (Sachdeva, Gao, Chan & Krassioukov, 
2018). Regarding this, average cost of the spinal trauma 
treatment and care in countries with high income level is 
dramatically high (Krueger, Noonan, Trenaman, Joshi & 
Rivers, 2013; Oliveri, Bello & Biering-Sørensen, 2014).

The SCI functional impairment is associated with the 
neurons and nerve fibers traumatic death, and its clinical 
picture primarily reflects disruption of the efferent spi-
nal neurons voluntary innervation due to breakdown of 
the descending spinal cord projections. So, the priority 
task of the biotic SCI restorative treatment is restoration 
of the motoneurons projection cortical innervation. 
The solution of the problem is related to the develop-
ment of tissue neuroengineering transplantation mecha-
nisms (Ahuja & Fehlings, 2016; Ahuja et al., 2017; Liu, 
Schackel, Weidner & Puttagunta, 2018; Wang, Tan & 
Hui, 2018; Liu, Xie & Wang, 2019; Zhang et al., 2019; 
Shah, Peterson, Yilmaz, Halalmeh & Moisi, 2020), as 
well as the method of axon growth stimulation through 
the trauma region (Gao et al., 2016; Hanna et al., 2016) 
and smoothing effect of the factors which depress ax-
onogenesis (Ahuja & Fehlings, 2016; Paveliev et al., 
2016). An alternative technology — bionic prosthetics 
used for the SCI, particularly, «powered exoskeletons» is 
now developing more effectively (Mekki, Delgado, Fry, 
Putrino & Huang, 2018; Dijkers, Akers, Dieffenbach & 
Galen, 2019; Shah et al., 2020). Though, it can be ap-
plied only with the minimum conscious paretic extremi-
ties motor activity as well as the coordinated function of 
the urinary system and absent spasticity syndrome, i.e. 

with certain amount of the preserved or restored long 
projection descending spinal cord fivers.

Modern transplantation methods applied for the SCI 
combine cells of various differentiation with polymer 
matrices (Liu et al., 2018; Wang et al., 2018). Macro-
porous poly(N-[2-hydroxypropyl]-methacrylamide) hy-
drogel (PHPMA-hydrogel), also known as NeuroGelTM 
(Woerly, Plant & Harvey, 1996; Woerly et al., 1998; 
Woerly et al., 1999; Woerly, Doan, Evans-Martin, Par-
amore & Peduzzi, 2001; Woerly, Doan, Sosa, de Vellis 
& Espinosa, 2001; Woerly, Pinet, de Robertis, Van Diep, 
& Bousmina, 2001; Woerly, Doan, Sosa, de Vellis & 
Espinosa-Jeffrey, 2004; Woerly et al., 2005; Pertici et 
al., 2013), is a most prospective matrix. Previous stud-
ies showed have shown positive effect of the immediate 
PHMA-hydrogel implantation to the injury focus in the 
mature murine spinal cord complete section on the Т9 
level, with excision of a 2-mm fragment (Woerly et al., 
1998; Woerly et al., 1999), in the mature murine spinal 
cord complete section on the T5 spinal cord level, with 
excision of a 3-mm fragment (Woerly et al., 2001 c), and 
in the mature feline spinal cord complete section on the 
Т6–Т7 level, with excision of a 3-mm fragment (Woerly 
et al., 2001 b; Woerly et al., 2004). Another study con-
firms positive effect of the delayed PHPMA-hydrogel 
implantation into the mature murine spinal compression 
injury on the T8/T9 level after excision of the scar tissue 
(Woerly et al., 2001 a). At last, positive effect of the im-
mediate PHPMA-hydrogel implantation was detected in 
the spinal cord lateral hemisection of the neonate rat on 
the T10 level (Woerly et al., 2001 c), as well as in the 3 
mm spinal cord hemiexcision on the T5 level in a mature 
rat (Pertici et al., 2013). Here, only two studies moni-
tored the paretic extremities motion function using the 
Basso–Beattie–Bresnahan (ВВВ) (Woerly et al., 2001 a; 
Pertici et al., 2013).

It is noteworthy, that the spinal cord compression or 
contusion model, which is the closest to the clinical con-
ditions (Alizadeh, Dyck & Karimi-Abdolrezaee, 2019), 
due to evident reasons can be applied only for the liquid 
substance trials. The complete section model is quite eas-
ily reproduced (Alizadeh et al., 2019), characterized by 
uniformity of neurological deficiency and low autogenous 
restoration of the animals’ posterior extremities motion 
function (Ung, Lapointe, Tremblay, Larouche & Guer-
tin, 2007), due to which it is the most convenient for the 
volume transplants restorative effect studies (Alizadeh 
et al., 2019). Though, its use is extremely dependent on 
high-quality veterinary care, accompanied with signifi-
cant suffering of the study animals. In this sense the lat-
eral hemisection model could be considered as the com-
promise one, but for the difficulty of the intra-operational 

throughout the study remained insignificant. So, the tested hydrogel in young organisms shows positive effect only 
with severe trauma stages accompanied with extensive spinal cord defect.

Key words: spinal cord injuries, hindlimb, paresis, muscle spasticity, spinal cord regeneration, hydrogels.
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section preciseness assessment and considerable autoge-
nous restoration of the murine spinal cord after such inju-
ry (Mills, Hains, Johnson & Hulsebosch, 2001; Webb & 
Muir, 2002; Arvanian et al., 2009; Zhao et al., 2015).

All this considered, as well as the popular idea about 
dependence of the nervous system regeneration poten-
tial on body age (Schwab & Bartholdi, 1996; Jaerve, 
Schiwy, Schmitz & Mueller, 2011; Geoffroy, Hilton, 
Tetzlaff & Zheng, 2016; Geoffroy, Meves & Zheng, 
2017; Sutherland & Geoffroy, 2020), the authors studied 
the dependence of the immediate PHPMA-hydrogel in-
jury focal implantation restorative effect on the severity 
of the lateral laceration spinal injury in young animals. 

Methods. White outbred rats (inbred derivatives of 
Wistar rats), aged ~1 month, weighting ~50 g, obtained 
from the Animal Facility of Bogomoletz Institute of Phys-
iology were used in the study. The rats were kept under the 
temperature ranging within ~18–22° С, natural circadian 
lighting, permanent room ventilation and balanced diet ad 
libitum. During the study the authors observed rules of 
bioethics and treatment of animals, according to the EU 
Council Directive 86/609/ЕЕС «On the approximation 
of laws, regulations and administrative provisions of the 
Member States regarding the protection of animals used 
for experimental and other scientific purposes” (1986), 
the European Convention for the Protection of Vertebrate 
Animals Used for Experimental and other Scientific Pur-
poses (1986) and the Law of Ukraine №3447-IV “On An-
imal Protection from Cruel Treatment” (2006).

The study was designed to include 4 experimental 
groups: 1) lateral hemisection of the spinal cord on the 
~Т12–Т13 (Sect; n=11); 2) lateral hemiexcision of the spi-
nal cord, ~1mm in length, on the same level (Exc; n=8); 
3) lateral hemisection of the spinal cord on the same lev-
el with immediate PHPMA-hydrogel implantation into 
the injured region (HGsec; n=11); 4) lateral hemiexci-
sion of the spinal cord, ~1 mm in length, on the same 
level, with immediate PHPMA-hydrogel implantation 
into the injured region (HGex; n=6).

PHPMA-hydrogel is a polymer material, synthe-
sized in the laboratory of Dr Eric Pinet (FISO Technol-
ogies Inc., Quebec, Canada) from N-(2-hydroxypropyl) 
metacrylamide under heterophase separation by rad-
ical polymerization in the pore-forming medium, with 
divynyl transverse bonding. After cleaning secondary 
compounds and high-temperature sterilization, the PHP-
MA-hydrogel macrofragments are transported in air-
proof containers filled with distilled water, and provided 
for this project by Dr Yuriy Yaminsky. The native PHP-
MA-hydrogel is characterized with complicated amor-
phous volume structure, containing numerous micro- 
(<2 nm), meso- (2–50 nm) and macro-pores (50–300 
nm) (Woerly et al., 1999; Woerly et al., 2001 b).

In group Sect left-side spinal cord hemisection in the 
lower thoracic region was performed (fig. 1 а). Operative 
interventions were performed under general anesthesia 

by intra-peritoneal introduction of xylazine (~15 mg/
kg, “Bіowet”, Poland) and ketamine (~70 mg/kg, PJSC 
«Farmak», Ukraine) solutions, with aseptic regulations 
observed sparingly toward the animals, and, in most cas-
es — on warmed operation table. In this one, as well as 
the previous studies (Kopach et al., 2017; and others) 
the injury modeling region was chosen by palpation of 
the deeply anesthetized animal thorax caudal margin in 
the locus of its attachment to the spinal cord. Regarding 
theoretically lower ossification in young animals and es-
pecial anatomy of the last rib pairs (costae fluctuantes; 
Özkan, 2007; Olude, Mustapha, Ogunbunmi & Olopade, 
2013), the surgeon should locate the intervention region, 
after detecting apex of the angle between the ribcage 
and vertebral column above the middle Т13. This, alto-
gether with absent surgical visualization of necks of the 
rib, their attachment to the vertebral column and roent-
genological control, provides for localization of the lam-
inectomy region approximately, most probably — on the 
level of Т11–Т12, i.e., considering approximate skeletopic 
data (Gilerovich et al., 2008; Moonen et al., 2016), cor-
rected according to the animal’s age (Gelderd & Chopin, 
1977; Curless, Nelson, Brimmer & Tellez, 1977) — on 
the spinal cord segments ~Т12–Т13. After linear section of 
the shaved and antiseptic-cured skin on the ~Т9–L2 level 
and the posterior vertebral column surface skeletization, 
the inter-arch space was perforated with a spear-like 
steel pin; laminectomy, limited on the right, was per-
formed with the bended on the rib “mosquito” forceps. 
No detection of the dura mater condition within the bone 
window and separation of the spinal cord from adjacent 
nerve trunks was conducted before the SCI modeling. 
The surgeon, using the insulin needle, vertically thor-
oughly punctured spinal cord, as close as possible to the 
posterior (dorsal) median vein (Zhang et al., 2001; Cao 
et al., 2015; Li, Xu Cao & Wu, 2020) and/or artery 
(Scremin, 2015; Mazensky, Flesarova & Sulla, 2017) 
left margin, trying to preserve perpendicular position of 
the needle towards the spinal cord dorsal surface. One 
of the ophthalmological scissor jaws was introduced 
into the spinal cord injury, the second jaw was aimed 
at the left half of the spinal cord breadth with the nerve 
roots branches, to dissect it in a few stages. The joined 
jaws of the rib-curved ophthalmological scissors were 
introduced into the section region, and, bearing with the 
working tip against the anterior vertebral column canal 
surface, the surgeon proceeded by its internal surface, 
from the midline to the arch root break. Due to this, 
the probability of incomplete section of the spinal cord 
white matter was decreased, the anterior roots trunks 
were thus injured, which was often accompanied with 
synchronous motor responses. The PHPMA-hydrogel 
fragment was then implanted into the spinal cord injury 
region of the HGsect animals (fig. 1 b).

In group Exc the left-side hemiexcision in the in-
ferior thoracic region was reproduced (fig. 1 c). As 
with the previous model, after laminectomy limited on 
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the right, performed for deeply anesthetized animals, 
without assessment of the dura mater condition and 
separation of adjacent nerve trunks, the surgeon used 
insulin needle to puncture the spinal cord as close as 
possible to the left side of the posterior median vein 
and/or artery (see above). The same thorough punc-
tures were performed ~0.5 mm rostrally and caudally. 
In every two neighbor punctures a jaw of the expanded 
ophthalmological scissors was introduced, to make the 
longitudinal paramedian spinal cord section in several 
stages, with ~1 mm interval. Sequentially, an ophthal-
mological scissors jaw was introduced into the rostral 
or caudal injury end, the second jaw aimed at the left 
half of the spinal cord breadth together with the nerve 
roots trunks, to intersect it in a few stages. The spinal 
cord matter within the fragment was removed using 
the curved and direct ophthalmological scissors, under 

operational microscope magnification during ~20–30 
min. In several cases visually non-vital fragments of 
the spinal cord matter were removed. In HGexc ani-
mals the PHPMA-hydrogel was implanted into the spi-
nal cord injury focus (fig. 1 d).

In both groups after spontaneous bleeding arrest and 
the spinal cord wound cleaning access hole into the spi-
nal canal was covered with specially excised in the ac-
cessed area fragment of subcutaneous connective cellular 
tissue, soft tissues and skin stitched with two rows of in-
terrupted stitches. The injury region was cured with po-
vidone-iodine solution (EGIS, Hungary). In order to pre-
vent infectious complications, bicillin-5 solution (PJSC 
«Kyivmedpreparat», Ukraine), dosed ~0.5 mln U/1kg 
was introduced subcutaneously in the posterior cervical 
region. Anti-inflammatory and antioedemic therapy was 
represented with intra-peritoneal introduction of dexa-

Fig. 1. General view of the surgical wound after lateral hemisection (а) or after lateral hemiexcision (c) of the 
young murine spinal cord in the inferior thoracic region and immediate PHPMA-hydrogel implantation into the 
injury focus (b, d). Scheme. Ro — rostral, Ca — caudal, R — right-side, L — left-side, v.s.p. — vena spinalis 

posterior (dorsalis). The injury focus and implantation region are outlined with arrows. The posterior spinal cord 
vessels (vena et arteria spinalis posterior) branching is shown nominally
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methasone solution (KRKA, Slovenia), ~5 mg/kg of body 
weight. After operation and until their complete awaken-
ing the animals were kept under increased air tempera-
ture. In order to prevent ophthalmological complications, 
in most cases the exterior part of the eyeball after the 
operation was moistened with the saline in drips. Further, 
the animals were kept in special cages of larger (2-3 an-
imals; subgroup of the Sect group, n=6, 2 cages; group 
HGexc) or smaller (one animal; rest of the Sect group, 
animals of the HGsect і Exc) size.

Function Index (FI) of the ipsilateral to the injury 
region hindlimb was evaluated according to the ВВВ 
scale (Basso, Beattie & Bresnahan, 1995), used in the 
authors’ own technical modification, during observation 
of the animals motor activity on horizontal open space 
of non-defined shape, area, size, smoothness and nature, 
without video-registration as well as registration of the 
time and duration of such observation. To define the FI 
levels between 16 and 17 points occasionally, a person-
al criterion was used: positioning the foot related to the 
rostral-caudal axis, with abrupt raising posterior part of 
the animal body by its tail and immediate recovery of 
its previous position, without getting the anterior ex-
tremities off the horizontal surface. Parallel positioning 
of the foot related to the axis during getting it off the 
ground and during its contact with surface was consid-
ered as 17 points, foot rotation during getting it off the 
surface  — 16 points. The distinction between these two 
meanings within the original protocol frames is, due to 
the authors, rather problematic (Basso et al., 1995), and 
some authors (Metz, Merkler, Dietz, Schwab & Fouad, 
2000) offer to evaluate the foot position and getting the 
thumb off the surface during the step motion as separate 
issues.

The spasticity index (SI) of the ipsilateral to the inju-
ry region hindlimb was evaluated using the adjusted to 
experimental conditions Ashworth scale (Dong, Wang, 
Zhang & Han, 2005), in authors’ technical modifica-
tion, without acclimatization exercising and relaxation 
blinding of the animals, the animal in horizontal position 
held by its tail during various kinds of motor behavior. 
In order to verify slight spastic paresis (0.5 points), the 
original criteria were used: better sensitivity in the pa-
retic hindlimb than in conventionally intact one (contra-
lateral), trembling during pulling the animal by its foot 
to the side and/or hypermetric extension of the paretic 
hindlimb during postural reaction to its abrupt traction 
by the tail along horizontal surface. The meaning of the 
FI equal to 0 and ≥1 points was detected with passive 
motions in the ankle-joint, 0 point was registered with 
absent resistance, 1 point — with slight resistance, 2 
points — with more significant resistance and preserved 
mobility under slight exertion, 3 points — with more or 
less passive mobility under quite strong but not algo-
genic exertion, 4 points — with limited passive mobility 
under such exertion.

The FI and SI data monitoring started after the 6th day 
due to ethical considerations, by the same supervisor, 
conventionally blinded to the individual characteristics 
of all animals operated by him, as well as, to the previ-
ous FI and Si data. In case of doubt about precise integer 
value of the FI or SI, the half-value was registered. 

The experimental groups non-eligibility criteria for 
animals were as follows: the FI level of the ipsilateral 
hindlimb in 1 week after the injury >9 points of ВВВ, 
the FI level of the contralateral hindlimb during pro-
longed observation period ≤14 ВВВ points. Two an-
imals were not considered eligible for the Sect group, 
three animals — for the Exc group, of which two with 
bilateral paresis; three animals were not eligible for the 
HGsect and HGexc groups, including one animal with 
bilateral paresis for the HGexc group.

The SI and FI monitoring results were depicted ac-
cording to the standardized within the experiment time 
scale: during first two months — weekly (weeks 1–8), 
and in 3, 4 and 5 months after the injury, calculating last 
three terms by intervals between the same day data of 
two next months. In some cases, individual parameters 
of the FI an SI were reproduced interpolatively, as the 
average from two meanings obtained in two next time 
observation points. For all other cases with registered 
calendar data the asymptotic difference in real testing 
time between the groups and comparative analysis of 
pairs were detected during first three weeks of observa-
tion as well as in 8 weeks and 3 months after the injury 
(~12–29 % from the value of appropriate term of the re-
sult representation standardized time scale); as for the 
other terms, the differences didn’t exceed 11 %.

The obtained SI and FI data received comparative 
statistical analysis with the STATISTICA 10.0 software, 
using the Mann-Whitney U-Test, Wilcoxon Matched 
Pairs Test and the Spearman Rank Order Correlations. 
The average values were represented as М±SE, where 
М (mean) — is an average of the value, SE (standard 
error) — standard error of the mean average. In all cas-
es the hypothesis about statistical significance of the 
received results was supposed true if probability of the 
opposite statement truth was less than 0.05 (р<0.05).

Results. The most characteristic trait of the restor-
ative process changes in groups Sect and HGsect was 
their identity property (fig. 2). In one week after the in-
jury (according to the standardized time scale) the FI 
in group Sect was 5.9±1.1 ВВВ points, in group HG-
sect  — 6.0±1.0 ВВВ points. The reliable increase of 
the FI in group Sect was limited to the first three ob-
servation weeks (р<0.05 comparing different observa-
tion terms within the recalled time interval; Wilcoxon 
Matched Pairs Test). In group HGsect the significant 
increase of the FI was detected on the 2nd, 4th and 6th ob-
servation weeks (р<0.05 when comparing values in the 
recalled periods with values, respectively, on the 1st, 2nd 
and 5th weeks; Wilcoxon Matched Pairs Test). The true 
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points, was registered in group HGsect. During the next 
two months’ group HGsect showed gradual SI increase 
till its maximum value (0.9±0.3 Ashworth points), which 
was registered in 3 and 4 months after the injury. During 
these two observation terms the authors registered re-
liable (р<0.05, Wilcoxon Matched Pairs Test) SI val-
ues difference in the group, compared to the values of 
the 4th–6th weeks (for the SI values in the end of the 3rd 
month) and values of the 5th–7th weeks (for the SI values 
in the end of the 4th month).

The SI changes in group Sect were characterized by 
two reliable extreme points (fig. 3): on the 2nd–4th weeks 
(0.6±0.1 points of Ashworth; р<0.05 compared to the 
SI values in 1 week after the injury; Wilcoxon Matched 
Pairs Test) and on the 8th week (0.8±0.1 Ashworth 
points; р<0.05 compared to the SI values in 1, 4 and 5 
weeks after the injury; Wilcoxon Matched Pairs Test). 
The final SI values in both groups were almost identi-
cal — 0.8±0.2 (group Sect) and 0.8±0.3 (group HGsect) 
Ashworth points, which was actual maximum for group 
Sect. Totally, group Sect had stronger significant pos-
itive correlation between the SI mean values and the 
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Fig. 2. Dynamic pattern of the FI (function index) of 
the paretic hindlimb in experimental groups during the 
defined observation period. No significant FI averages 

differences between groups Sect and HGsect were 
detected during the study (р>0.05; Mann-Whitney U 

Test). For groups HGexc and Exc the differences were 
revealed only in 5 weeks after the injury (р<0.05; 

Mann-Whitney U Test). When comparing each value 
in groups Sect and Exc, the significant difference was 

found at all study stages (р<0.05; Mann-Whitney U 
Test). For pairs HGsect and HGexc the significant 
difference between the FI values was defined at all 

study stages, except for the end of the 1st and 7th weeks 
(р<0.05; Mann-Whitney U Test).

Legend: * — significant difference between the FI value 
of group HGexc and FI value of group Exc was registered 
(р>0.05; Mann-Whitney U Test); # — no significant difference 
between the FI value of group HGsect and FI value of group 
HGexc (р<0.05; Mann-Whitney U Test).

upper limit in group Sect (10.1±1.1 ВВВ points) was 
noted in 6 weeks after the injury, in group HGsect  — 
in 7 weeks (10.1±1.0 ВВВ points; fig. 2). The final FI 
value in group Sect made up 9.5±1.0 ВВВ points, in 
group NGsect — 9.5±1.1 points. Group HGsect, unlike 
group Sect, was characterized by positive correlation 
of the average FI values and the observation duration 
value (r=0.77, р<0.05; Spearman Rank Order Correla-
tions). Throughout all the observation period the authors 
haven’t identified significant difference between groups 
Sect and HGsect (р<0.05; Mann-Whitney U Test).

As with the FI, values and dynamic changes of the 
SI in groups Sect and HGsect turned to be substantially 
similar (fig. 3). The only observation term, during which 
significant FI difference in both groups was detected, 
was late first observation week (according to the stan-
dardized time scale; р=0.03; Mann-Whitney U Test). At 
this time average SI values in groups Sect and HGsect 
made up, respectively, 0.3±0.1 and 0.7±0.2 Ashworth 
points. During the first month unreliable SI decrease 
till the lowest value was observed, 0.5±0.2 Ashworth 

Fig. 3. Dynamic pattern of the spasticity index (SI) 
of the paretic hindlimb in experimental groups during 
the general observation period. For the SI averages the 
significant difference between groups Sect and HGsect 
was observed only in 1 week after the injury (р<0.05; 
Mann-Whitney U Test), and between groups HGexc 

and Exc — during the first two months (р<0.05; Mann-
Whitney U Test). For SI values in groups Sect and Exc 
the significant difference was found at all study stages 

(р<0.05; Mann-Whitney U Test), for pairs HGsect 
and HGexc, on the contrary, the SI values difference 

being insignificant across all the study (р>0.05; Mann-
Whitney U Test).

Legend: * — significant difference between SI values in 
groups Sect and HGsect (р<0.05; Mann-Whitney U Test); #  — 
significant difference between SI values in groups HGexc and 
Exc (р<0.05; Mann-Whitney U Test).
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observation duration value (r=0.83, р<0.05; Spearman 
Rank Order Correlations); in group HGsect it was weak 
(r=0.6, р<0.05; Spearman Rank Order Correlations).

The SI and FI changes in lateral hemiexcision turned 
out to be different. The mean FI value in group Exc in a 
week after the injury (according to the standardized time 
scale) made up 0.9±0.5 ВВВ points (fig. 2), during the 
next weak it reached the actual, though, unreliable max-
imum value (1.9±0.7 ВВВ points; р>0.05 compared to 
the values in 1 and 3 weeks after the injury; Wilcoxon 
Matched Pairs Test). Further, the FI values made up 2 
ВВВ points, and during the 4th–5th month they decreased 
to 0.8±0.3 ВВВ points (fig. 2), which was significantly 
lower parameter than that in the end of the 2nd observa-
tion week (р=0.035; Wilcoxon Matched Pairs Test). As 
in group Sect, during the experiment the FI average in 
group Exc didn’t show significant correlation with the 
observation duration value (r=0.02, p>0.05; Spearman 
Rank Order Correlations).

The FI in group HGexc in 1 week after the injury 
(according to the standardized time scale) was 3.6±1.2 
points of ВВВ, and it didn’t change remarkably during 
the following observation (р>0.05; Wilcoxon Matched 
Pairs Test), reaching actual maximum (5.6±1.9 ВВВ 
points) during the 5th–12th weeks, making up 4.5±1.8 
ВВВ points at the final experiment stage.

Starting from the 6th week, the FI changes in groups 
Exc and HGexc were parallel, with the only observa-
tion term where a significant difference between the FI 
value of group HGexc and FI value of group Exc was 
registered, being the end of the 5th experiment week 
(р=0.038; Mann-Whitney U Test). As in groups Sect and 
Exc, during experiment the FI average value in group 
HGexc didn’t show significant correlation with the ob-
servation duration (r=0.57, р>0.05; Spearman Rank Or-
der Correlations).

The SI changes after severe laceration were also 
characterized by several peculiarities (fig. 3). In 1 week 
after the injury (according to the standardized time 
scale), the SI meaning in group Exc made up 0.7±0.1 
points of Ashworth, during the next week a significant 
dramatic increase till 2.3±0.3 points (р=0.01 compared 
to the first week values, Wilcoxon Matched Pairs Test) 
was observed. Further, the authors noted continued 
steady SI rise, which was substantial (р<0,05; Wilcox-
on Matched Pairs Test) on the 7th week (compared to 
the values in 2 weeks after the injury), on the 3rd month 
(compared to the values in 3 weeks after the injury), on 
the 4th month (compared to the value in 5 weeks after the 
injury), and on the 5th month (compared to the values 
in 5 and 6 months after the injury). The final SI value 
in group Exc reached 3.6±0.3 points of Ashworth. The 
progredient increase of the paretic hindlimb spasticity 
level in group Exc during the experiment was also ver-
ified by the Spearman rank correlation between the SI 

averages and the observation duration (r=0.99, р<0.05; 
Spearman Rank Order Correlations).

In 1 week after reproducing the injury (according 
to the standardized time scale) the SI in group HGexc 
made up 0.8±0.3 Ashworth points and during all study 
period it didn’t show significant changes (р>0.05; Wil-
coxon Matched Pairs Test). The main segment of unre-
liable SI increase in the group was observed during the 
2nd and 4th weeks (fig. 3); throughout all the 2nd month it 
stayed without changes (~1.4 Ashworth points), and the 
latest nonsignificant SI increase was registered during 
the 3rd-5th months. The final SI value in the group was 
1.8±0.7 Ashworth points. Despite this, a significant 
correlation with the duration was found for the SI av-
erages in group HGexc across the experiment (r=0.94, 
р<0.05; Spearman Rank Order Correlations). The sig-
nificant difference between groups HGexc and Exc was 
noted in 2, 3, 6, 7 and 8 weeks after the injury (р<0.05; 
Mann-Whitney U Test).

Totally, the analysis of the FI and SI average pairs 
obtained during the general study period didn’t show 
any correlations between the values (р>0.05; Spearman 
Rank Order Correlations). Instead, having analyzed the 
FI and SI individual values pairs during each term, a re-
liable (р<0.05; Spearman Rank Order Correlations) neg-
ative correlation was observed in 1 and 4 weeks, 3 and 
5 months after the injury (group Sect) and in 3, 5 and 6 
weeks after the injury (group HGsect), in 5, 7, 8 weeks; 
in 3 and 4 months (group Exc), as well as at all study 
terms, except for the 1st and 5th weeks (group HGexc).

No significant FI averages differences between 
groups Sect and HGsect were detected during the 
study (р>0.05; Mann-Whitney U Test), and for groups 
HGexc and Exc — the differences were revealed only 
in 5 weeks after the injury (р<0.05; Mann-Whitney U 
Test). As for the SI averages, the significant difference 
between groups Sect and HGsect was observed only in 
1 week after the injury (р<0.05; Mann-Whitney U Test), 
and between groups HGexc and Exc — during the first 
two months (р<0.05; Mann-Whitney U Test).

The degree of the spinal cord laceration spatial defect 
significantly affects the regeneration success — when 
comparing both FI and SI values in groups Sect and Exc, 
the significant difference was found at all study stages 
(р<0.05; Mann-Whitney U Test). The PHPMA-hydrogel 
implantation into the injury focus, most probably, inten-
sifies this effect: for pairs HGsect and HGexc the signif-
icant difference between the FI values was defined at all 
study stages, except for the end of the 1st and 7th weeks 
(р<0.05; Mann-Whitney U Test), with the SI values dif-
ference being insignificant across all the study (р>0.05; 
Mann-Whitney U Test).

Discussion. Despite its low incidence, the SCI is a 
cumulative pathology which is widely spread, leading 
to significant deterioration of the victims’ life quality, 
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stipulating for considerable economic losses (DeVivo, 
2012; Krueger et al., 2013; Oliveri et al., 2014; Pretz et 
al., 2016; GBD 2016 Traumatic Brain Injury and Spinal 
Cord Injury Collaborators, 2019). The most important 
pathophysiological components of the SCI early peri-
od are primary breakdown of the cerebral nerve fibers, 
cells and vessels in the injury focus; and the secondary 
injury of the perifocal region neurons and nerve fibers 
due to inflammatory process (Tran, Warren & Silver, 
2018; Alizadeh et al., 2019). The most clinically essen-
tial consequence of these processes is disruption of de-
scending innervation of the spinal cord efferent neurons 
below the injury point. The causes of post-SCI limited 
descending pathways regeneration are: post-axonotomic 
apoptosis (Siebert, Middleton & Stelzner, 2010; Conta 
Steencken, Smirnov & Stelzner, 2011; Swieck et al., 
2019), depressed oligodendria evolvement in the spinal 
cord tissues (Rao & Pearse, 2016), as well as numerous 
axonal growth cones repellents expression in the scar 
region (Tran et al., 2018). Though, limited autogenous 
functional spinal cord regeneration is a well-known clin-
ical issue (Steeves, 2015; Khorasanizadeh et al., 2019), 
which is most probably provided by restructuring of the 
motor system neuronal networks on supraspinal and 
spinal levels (Blesch & Tuszynski, 2009; Ghosh et al., 
2010; Nishimura & Isa, 2012; Manohar, Foffani, Gan-
zer, Bethea & Moxon, 2017; Brown & Martinez, 2019; 
Zavvarian, Hong, & Fehlings, 2020). In this sense, de-
veloping methods of stimulation and/or improvement 
of the neuronal networks plasticity is well-substantiated 
(Ahuja et al., 2017; Liu et al., 2018; Wang et al., 2018; 
Liu et al., 2019; Zhang et al., 2019).

Among the studies, dedicated to the effectiveness of 
the PHPMA-hydrogel implantation into the injury focus 
(Woerly et al., 1996; Woerly et al., 1998; Woerly et al., 
1999; Woerly et al., 2001 a; Woerly et al., 2001 b; Woer-
ly et al., 2001 c; Woerly et al., 2004; Woerly et al., 2005; 
Pertici et al., 2013), only two of them used lateral spi-
nal cord hemisection performed to the mature rat on the 
thoracic level to reproduce the SCI (Woerly et al., 2005; 
Pertici et al. 2013), and only in one of them (Pertici et al. 
2013) the authors used the paretic hindlimb motor func-
tion assessment by BBB scale for the restorative process 
analysis. The authors of the study implanted the PHP-
MA-hydrogel fragment into the unilateral 1-mm exci-
sion of the mature rat spinal cord (line Sprague-Dawley, 
males, 8 months, 300 g, n=15) on the Т10 level. Accord-
ing to the authors, in 14 weeks the FI value of the pa-
retic hindlimb in main group reached 14.29±1.77 ВВВ 
points, and in the experimental group (reproducing the 
same SCI without hydrogel implantation) — 8.66±1.25 
points. Opposite to this, according to our data, the FI 
values of the paretic hindlimb motor function recovery 
after similar injury on the ~Т11–Т12 level and subsequent 
PHPMA-hydrogel implantation, even obtained from the 

young animals, turned out to be much lower— 4.5±1.8 
(group HGexc) and 0.8±0.3 ВВВ points (group Exc). 
We intentionally excluded animals with significant con-
tralateral motor limitations from the calculation groups.

One of the possible causes of such result discordance 
may be the eligibility criteria (see above), according to 
which one animal wasn’t included in group Exc, and 
two animals in group HGexc, with the FI values in a 
week after the injury over 9 BBB points. The FI val-
ues of these animals were, respectively, 14, 11.5 and 
13 BBB points. Such approach was chosen in order to 
obtain the animal groups with the severest ipsilateral 
motor limitations against the significant autogenous re-
generation potential, with its peculiar age characteristics 
(Schwab  & Bartholdi, 1996; Jaerve et al., 2011; Geof-
froy et al., 2016; Geoffroy et al., 2017; Sutherland & 
Geoffroy, 2020). The motives of such study design are 
evident: the effectiveness of any restorative intervention 
with the SCI should be verified with the severest trau-
mas, minimizing suffering of the study animals.

The other differences in the study design, which 
could be theoretically applied to the detected differ-
ence between our results and the other authors (Perti-
ci et al., 2013), are: differences of anesthesia protocol, 
application of cold spinal cord vasoconstriction before 
reproducing the SCI, precision section of the dura mater 
before reproducing the SCI, use of a different material 
for the implantation region segregation from the mus-
cles, differences in postoperative care and animal hous-
ing, and, finally, differences between the animals lines 
and injury level. Besides, the authors don’t describe in-
tra-operational verification of the transverse spinal cord 
excision completeness, they only state about injury de-
bridement from the non-vital tissues, mentioning only 
visual control of the spinal cord margins, which should 
not contain coverings and blood clots. 

According to the obtained data, the PHPMA-hydro-
gel improves restoration of the motor function after the 
spinal cord hemiexcision (reliably — only in 5 weeks 
after the injury) and decreases spasticity in the paretic 
hindlimb (reliably — during 2 months after the injury). 
As figure 2 shows, considerable portion of the PHP-
MA-hydrogel positive functional effect is accumulated 
during the first week after the injury— during the stron-
gest focal inflammatory process, which stipulated for 
the secondary spinal cord lesion (Alizadeh et al., 2019). 
One of such response triggers is, doubtlessly, destruction 
of numerous small vessels within the injury focus, and 
related to this local hemorrhage. As we have observed, 
the PHPMA-hydrogel just after its implantation signifi-
cantly decreases bleeding in the injured spinal cord re-
gion. We suppose that this decreases imbibition of the 
adjacent spinal matter with blood, limits direct contact 
of the cerebral matter with liquor and, thus, eliminates 
an immune response enhancement way. If this turns out 
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to be true, the early positive PHPMA-hydrogel effect 
will receive pathophysiological justification: its imme-
diate after the injury implantation decreases secondary 
inflammatory lesion of the spinal cord. Doubtless is that 
the PHPMA-hydrogel applied to the spinal cord traumat-
ic lesion creates axon regeneration growth environment 
(Woerly et al., 2001 b; Pertici et al., 2013). In particular, 
strong arguments in favor of the thorough invasion of 
axons through the PHPMA-hydrogel implantation re-
gion have been obtained using special nerve fibers trac-
ing methods (Woerly et al., 2001 a; Woerly et al., 2001 
b; Woerly et al., 2001 c).

The PHPMA-hydrogel implantation significantly de-
creases differences of the FI and SI values between two 
spinal cord laceration types, and, most probably, due to 
its early effect: the difference is absolute comparing the 
FI and SI values in groups Sect and Exc, it is incomplete 
comparing the FI values, and absent — comparing the SI 
values in groups HGsect and HGexc. Regarding consid-
erable proximity of the FI and SI values in groups Sect 
and HGsect, this indirectly evidences about significant 
positive hydrogel effect against the injury with huge spi-
nal cord lesion.

The absence of any considerable PHPMA-hydrogel 
implantation effect under the high autoregeneration po-
tential and milder spinal cord injury (groups Sect and 
HGsect) shows that the effective spontaneous spinal cord 
restoration may successfully compensate for the injury 
consequences and in this way deprive the PHPMA-hy-
drogel, the restoration intensifier, from its uniqueness.

Technical warnings. One of the technical problems 
of our study and similar studies is impossibility of pre-
cise SCI level skeletotopic detection (see above). Another 
difficulty is doubtful relevance of the BBB scale for the 
spinal cord lateral hemisection cases. The relatively in-
tact hindlimb, contralateral to the injury, is used by the 
animal for compensation of the present motor limitation, 
so, according to our observations, numerous difficulties 
are met differentiating between 8 and 9 scale points, using 
such criteria as keeping the body weight with the paretic 
hindlimb, anterior-posterior coordination of the four ex-
tremities locomotor motions, as well as the paretic foot 
positioning in various parts of the step cycle static stage. 
The negative consequences of this could be partially com-
pensated observing similar methodological conditions of 
the FI assessment in all study groups. This is why the 
scale is quite often used for the assessment of the paretic 
hindlimb motor function after the rat spinal cord unilat-
eral laceration trauma (Mills et al., 2001; Webb & Muir, 
2002; Arvanian et al., 2009; Hsieh et al., 2010; Pertici et 
al., 2013; Zhao et al., 2015; Zhang et al., 2016; Li et al., 

2017), but, also as with our study, usually not in order to 
study the relatively intact, contralateral hindlimb.

The main difficulties of the Ashworth scale are dif-
ferentiation between the SI levels within 1 to 3 points, 
impossibility of eliminating the voluntary muscle tone 
in incomplete paresis and difficulty of the key spastic-
ity characteristics— «catch»-phenomenon, or signifi-
cant increase of the muscle resistance with accelerated 
stretching (Nielsen et al., 2007) — due to small size of 
the animal hindlimb. In spite of this, the Ashworth scale 
was chosen for the spasticity verification due to restrict-
ed informa\ve value of technically much more compli-
cated alternative instrument — electroneuromyography, 
which is characterized by significant diversity of the in-
dividual results measurement (Cliffer et al., 1998), prob-
ably, due to impossibility of detecting the paretic muscle 
motor point. 

Conclusions. Our authors’ lower thoracic spinal 
cord lateral hemiexcision model reproduces quite sim-
ilar deep unilateral motor limitations with considerable 
spinal cord function preservation. In young body, along 
with the considerable auto-regeneration potential, im-
mediate PHPMA-hydrogel implantation into the lacer-
ation injury focus shows substantial positive effect only 
with huge spatial spinal cord lesion. Possible mecha-
nisms of the restorative PHPMA-hydrogel implantation 
are represented with its immediate antihaemorrhagic ef-
fect, limited secondary alteration responses in the spinal 
matter and preconditions for axons regeneration in the 
trauma focus. Further studies are needed to verify these 
hypotheses probability.
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Анотація: відновлення втрачених функції трав-
мованого спинного мозку — одна із найтяжчих біо-
медичних проблем сучасності. Метою даної роботи 
було з’ясування залежності відновного впливу мак-
ропористого гідрогелю на основі N-(2-гідроксипро-
піл)метакриламіду (hydrogel, HG) від ступеню ла-
цераційної травми спинного мозку у молодому віці. 
Дослідження виконано на щурах–самцях (вік — ~1 
місяць, маса — ~50 г, інбредні похідні лінії Wistar), 
сформовано 4 експериментальні групи — 1) біч-
ний половинний перетин (sectio) спинного мозку на 
рівні сегментів ~Т12–Т13 (Sect; n=11); 2) висічення 
(excisio) бічного половинного фрагменту спинного 
мозку довжиною ~1 мм на аналогічному рівні (Exc; 
n=8); 3) бічний половинний перетин спинного мозку 
на аналогічному рівні і негайна імплантація у зону 
травми фрагменту гідрогелю (HGsect; n=11); 4) ви-
січення бічного половинного фрагменту спинного 
мозку на аналогічному рівні і негайна імплантація 
у зону дефекту фрагменту гідрогелю (HGexс; n=6). 
Оцінку рухової функції і спастичності задньої па-
ретичної кінцівки здійснено, відповідно, за шкалою 
Basso–Beattie–Bresnahan (ВВВ) і Ashworth у власних 
технічних модифікаціях, одним експериментато-
ром, умовно засліпленим стосовно індивідуальних 
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Аннотация: восстановление утраченых функций 
травмированного спинного мозга — одна из наибо-
лее тяжелых биомедицинских проблем современ-
ности. Целью данной работы было изучение зави-
симости восстановительного эффекта имплантации 
аморфного макропористого гидрогеля на основе 
N-(2-гидроксипропил)метакриламида (hydrogel, 
HG) от тяжести лацерационной травмы спинного 
мозга у молодых животных. Исследование выполне-
но на крысах–самцах (возраст — ~1 мес, маса — ~50 
г, инбредные производные линии Wistar), сформи-
ровано 4 экспериментальные группы — 1) боковое 
половинное пересечение (sectio) спинного мозга на 
уровне сегментов ~Т12–Т13 (Sect; n=11); 2) иссечение 
(excisio) бокового поливинного фрагмента спинного 
мозга длиной ~1 мм на аналогичном уровне (Exc; 
n=8); 3) боковое половинное пересечение спин-
ного мозга на аналогичном уровне и немедленная 
имплантация в зону травмы фрагмента гидрогеля 
(HGsect; n=11); 4) иссечение бокового половинного 
фрагмента спинного мозга на аналогичном уровне и 
немедленная имплантация в зону дефекта фрагмента 
гидрогеля (HGexс; n=6). Оценку двигательной функ-
ции и спастичности задней паретичной конечности 
осуществлено, соответственно, за шкалой Basso–
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ознак усіх прооперованих ним тварин і попередніх 
результатів тестування. Тривалість спостережен-
ня — ~5 міс. Критерії невключення: рівень функції 
задньої іпсилатеральної кінцівки через 1 тиждень 
після травми >9 балів ВВВ, рівень функції задньої 
контрлатеральної кінцівки протягом тривалого пе-
ріоду спостереження ≤14 балів ВВВ. Представлення 
і аналіз результатів — згідно зі стандартизованою 
часовою сіткою з інтерполяційним відтворенням ін-
дивідуальних рівнів рухової функції і спастичності 
у вийняткових випадках. Асимптотичні відмінності 
реальних термінів спостереження порівнюваних 
груп і підгруп — протягом перших трьох тижнів, а 
також через 8 тиж і через 3 міс після травми. Було 
з’ясовано, що через тиждень після травми рівень ру-
хової функції у групі Exc складав 0.9±0.5 бала ВВВ, 
у групі HGexc — 3.6±1.2 бала, у групі Sect — 5.9±1.1 
бала, у групі HGsect — 6.0±1.0 бала. Через 5 міс рі-
вень рухової функції у групі Sect становив 9.5±1.0 
бала ВВВ, у групі HGsect — 9.5±1.1 бала, у групі Exc 
— 0.8±0.3 бала, в групі HGexc — 4.5±1.8 бала. На 
цьому ж терміні спостереження рівень спастичності 
у групах Sect і HGsect становив, відповідно, 0.8±0.2 
і 0.8±0.3 бала Ashworth, у групі HGexc — 1.8±0.7 
бала, у групі Exc — 3.6±0.3 бала. Протягом усього 
експерименту значущих відмінностей рівня рухо-
вої функції між групами Sect і HGsect не виявлено, 
а для груп Exc і HGexc — зафіксовано лише через 
5 тиж після травми. Істотну різницю рівня спас-
тичності для груп Sect і HGsect спостерігали через 1 
тиждень після травми, для груп HGexc і Exc — про-
тягом перших 2-х міс експерименту. Для груп Sect 
і Exc достовірну різницю як рівня рухової функції, 
так і рівня спастичності виявляли на усіх термінах 
спостереження. Для груп HGsect і HGexc істотна 
різниця рівня рухової функції була характерною на 
усіх термінах, за виключенням кінця першого і 7-го 
тижня, тоді як відмінності рівня спастичності впро-
довж експерименту залишалися несуттєвими. Таким 
чином, апробований гідрогель у молодому віці про-
являє істотний відновний вплив лише при травмі із 
об›ємним дефектом речовини спинного мозку.

Ключові слова: травма спинного мозку, задня 
кінцівка, парез, м›язова спастичність, регенерація 
спинного мозку, гідрогелі.

Beattie–Bresnahan (ВВВ) и Ashworth, в наших техни-
ческих модификациях, одним экспериментатором, 
условно заслепленным относительно индивидуаль-
ных признаков всех прооперованных им животных и 
предыдущих результатов тестирования. Длительно-
сть наблюдения — ~5 мес. Критерии невключения: 
уровень функции задней ипсилатеральной конечно-
сти через 1 неделю после травмы >9 баллов ВВВ, 
уровень функции задней контрлатеральной конеч-
ности в течение длительного периода наблюдения 
≤14 баллов ВВВ. Представление и анализ резуль-
татов — согласно со стандартизированной времен-
ной сеткой с интерполяционным воспроизведением 
индивидуальных уровней двигательной функции и 
спастичности в исключительных случаях. Асимп-
тотические различия реальных сроков тестирова-
ния сравниваемых групп и подгрупп — в течении 
первых трех недель, а также через 8 нед и через 3 
мес после травмы. Было выявлено, что через неде-
лю после травмы уровень двигательной функции в 
группе Exc составлял 0.9±0.5 балла ВВВ, в группе 
HGexc — 3.6±1.2 балла, в группе Sect — 5.9±1.1 
балла, в группе HGsect — 6.0±1.0 балла. Через 5 мес 
уровень двигательной функции в группе Sect состав-
лял 9.5±1.0 балла ВВВ, в группе HGsect — 9.5±1.1 
балла, в группе Exc — 0.8±0.3 балла, в группе 
HGexc  — 4.5±1.8 балла. На этом же сроке наблюде-
ния уровень спастичности в группах Sect и HGsect 
составил, соответственно, 0.8±0.2 и 0.8±0.3 балла 
Ashworth, в группе HGexc — 1.8±0.7 балла, в группе 
Exc — 3.6±0.3 балла. В течение всего эксперимента 
значимых различий уровня двигательной функции 
между группами Sect и HGsect не выявлено, а для 
групп Exc и HGexc — выявлено только через 5 нед 
после травмы. Достоверную разницу уровня спас-
тичности для групп Sect и HGsect наблюдали через 
1 неделю после травмы, для групп HGexc и Exc — 
в течение первых 2-х мес эксперимента. Для групп 
Sect и Exc существенные отличия как уровня двига-
тельной функци, так и уровня спастичности выяв-
ляли на всех сроках наблюдения. Для групп HGsect 
и HGexc достоверная разница уровня двигательной 
функции была характерна на всех сроках, за исклю-
чением конца первой и 7-й недели, тогда как отличия 
уровня спастичности в течение эксперимента оста-
вались несущественными. Таким образом, апроби-
рованный гидрогель в молодом возрасте проявляет 
ощутимый положительный эффект только при более 
тяжелой форме травмы, со значительным простран-
ственным дефектом спинного мозга.

Ключевые слова: травма спинного мозга, задняя 
конечность, парез, мышечная спастичность, регене-
рация спинного мозга, гидрогели.
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