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ABSTRACT
BACKGROUND: Contemporary experimental models for spinal cord injury studies are mainly based on spinal cord injury in 
rats and mice. Modeling of experimental spinal cord injuries is generally performed from the dorsal approach, which excludes 
its injury as a result of compression by the fragments of the fractured vertebral body and significantly restricts the application 
of the results obtained from clinical practice.
AIM: To develop and create contusional spinal cord injury model from the ventral approach with its subsequent comparison 
with the contusional spinal cord injury model from the dorsal approach.
MATERIALS AND METHODS: The study examined 20 female Soviet Chinchilla rabbits weighing 3.5–4.5 kg. The rabbits were 
subjected to standardized spinal cord injuries from the ventral and dorsal approaches at the LII level. Somatosensory- and 
motor-evoked potentials, H-reflex, were recorded in all experimental animals before injury, immediately after, and 3 and 8 h 
after injury. Histological studies were also performed using qualitative and semiquantitative analyses of biopsy samples of 
damaged areas and assessing the number of dystrophic neurons over time. The results of neurophysiological and histological 
examinations of the spinal cord in cases of ventral and dorsal trauma were statistically processed.
RESULTS: When modeling spinal cord injury from the ventral approach, in comparison with the model from the dorsal ap-
proach, more significant damage is detected. As a result of the injury factor, the dysfunction of both neurons at the trauma-
tization level and peripheral neurons below the injury zone was revealed; however, as histological examinations have shown, 
in contrast to the dorsal approach, mild hemorrhage was observed in the ventral approach.
CONCLUSIONS: The results obtained indicate a more significant and strict contusion mechanism of the spinal cord injury 
model from the ventral approach and the maximum proximity of the resulting model in a clinical situation. In the future, the 
experimental model of the contusional spinal cord injury in a laboratory animal can be used in chronic experiments.
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АННОТАЦИЯ
Обоснование. Современные экспериментальные модели для изучения позвоночно-спинномозговой травмы преиму-
щественно основаны на повреждении спинного мозга у крыс или мышей. Как правило, моделирование эксперимен-
тальных травм спинного мозга выполняют из дорсального доступа, что исключает его повреждение в результате сдав-
ления отломками тела сломанного позвонка и существенно ограничивает применение полученных результатов с точки 
зрения клинической практики.
Цель — провести сравнительный анализ экспериментальной модели позвоночно-спинномозговой травмы у кроликов 
из вентрального доступа с моделью позвоночно-спинномозговой травмы из дорсального доступа.
Материалы и методы. Исследование проводили на 20 самках кроликов породы Советская шиншилла массой 
3,5–4,5  кг. Кролики были разделены на две группы и подвергались стандартизированным повреждениям спинного 
мозга из вентрального и дорсального доступов на уровне позвонка LII (по 10 кроликов в каждой группе). У всех экспе-
риментальных животных регистрировали соматосенсорные, моторные вызванные потенциалы и H-рефлекс до травмы, 
сразу после и через 3 и 8 ч после травмы. Выполнены также гистологические исследования с проведением качествен-
ного и полуколичественного анализа биопсийных образцов поврежденных участков спинного мозга и оценкой числа 
дистрофичных нейронов в динамике. Результаты нейрофизиологического и гистологического исследования спинного 
мозга при вентральной и дорсальной травмах подвергали статистической обработке.
Результаты. При моделировании травмы спинного мозга из вентрального доступа наблюдается более выраженное его 
повреждение по сравнению с моделью из дорсального доступа. Выявлено нарушение функций нейронов как на уровне 
травматизации, так и ниже зоны повреждения. При вентральном доступе отмечена меньшая степень кровоизлияния, 
чем при дорсальном, по данным гистологического исследования.
Заключение. Полученные результаты указывают на более выраженный строго контузионный механизм повреждения 
спинного мозга при экспериментальном моделировании травмы из вентрального доступа и максимальную приближен-
ность полученной модели к клинической ситуации. Созданная экспериментальная модель контузионного повреждения 
спинного мозга у лабораторного животного в дальнейшем может быть использована в хронических экспериментах.
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BACKGROUND
Spinal cord injury (SCI) is a pressing medical and social 

issue because it often results in permanent disability [1]. 
Despite the vast scientific literature on this topic, the search 
for effective treatment methods based on the study of 
pathogenetic mechanisms of trauma disorders in experimental 
studies is ongoing. However, the results of experimental 
studies often cannot be implemented into clinical practice, 
which is due to the difficulty of reproducing in experiments 
SCI conditions and other pathological processes close to 
the real ones in humans and the species-specific peculiarities 
of the processes of regeneration and restoration of function of 
nerve tracts in animal models [2]. Therefore, the improvement 
of experimental models of SCI in laboratory animals remains 
an urgent problem in experimental traumatology.

The main biomechanical difference between experimental 
models of SCI and human SCI is the damage to the dorsal 
structures of the spinal cord and the use of laminectomy to 
access them during impact simulation. In most clinical cases, 
the anterior spinal cord structures are damaged because 
of impact and compression of the fractured vertebral body 
fragments.

A review of available reports on known experimental 
models of SCI in laboratory animals revealed inadequate 
standardization and reproducibility of these animal mod-
els, except mice or rats that have an extensive database 
of publications and relevant criteria for assessing both 
the severity of experimental traumatic injury and sub-
sequent recovery [3–6]. The use of small rodents for 
most experiments is related to economic factors such as 
the relatively low cost of the experiment for long-term 
studies. However, the use of small rodents as models 
has some limitations in studying the sequelae of SCI be-
cause of several factors, including the size and physiologi-
cal characteristics of the experimental animal, anatomical 
structure of the spinal cord roots, rate of axon regenera-
tion, and risks of spontaneous regeneration of damaged 
areas [7, 8]. The use of small laboratory animals requires 
an extremely high accuracy of implantation of long-term 
recording electrodes, which may affect data reproducibility. 
These reasons explain the rare use of neurophysiological 
studies in SCI modeling.

According to various authors, the use of standard 
medium and large animal species for laboratory work 
is recommended, with rabbits being one of the most 
promising species for the study of SCI. The peculiarity of 
the anatomical structure of rabbits is the larger extension 
of the spinal cord compared with that of rodents. In addition, 
rabbits have the lowest reparative potential of spinal cord 
structures among other experimental animals (mice, dogs, 
cats, guinea pigs, and pigs) [9, 10]. As a laboratory animal, 
rabbits can serve as optimal models for the assessment of 

postoperative status and neurological studies of compression 
injury and ischemia–reperfusion of the spinal cord because 
of the peculiarities of its blood supply from the abdominal 
aorta [11].

Individual scientific papers devoted to the modeling of 
contusion SCI have reported the results of neurophysiological 
and histomorphological examinations of the rabbit spinal 
cord. In these studies, the injury was inflicted from the dorsal 
side, and the observation was limited to 4 h after SCI from 
the dorsal approach [12, 13].

To date, the available scientific literature has not pre-
sented reproducible models of contusion SCI induced by 
the ventral approach that would be as close as possible to 
the clinical situation because of the great complexity of such 
interventions and the overall labor intensity of experiments 
for modeling contusion SCI in rabbits.

The aim of this study was to compare a ventral SCI 
model in rabbits with a dorsal SCI model.

MATERIALS AND METHODS
Research strategy

The study was conducted on 20 female rabbits of 
the Soviet chinchilla breed weighing 3.5–4.5 kg. The animals 
were divided into two groups: 10 rabbits subjected to SCI 
modeling by the ventral approach and another 10 rabbits by 
the dorsal approach.

Quarantine, maintenance, and preparation of the experi-
mental animals before the operation were performed in ac-
cordance with GOST 33216–2014 “Guidelines for Maintenance 
and Care of Experimental Animals, Rules of Maintenance and 
Care of Laboratory Rodents and Rabbits.”

All animals were studied electrophysiologically be-
fore, immediately after, and 3 and 8 h after SCI applica-
tion using a Neuro-MVP-8 equipment (Neurosoft, Russia). 
Motor-evoked potentials (MEPs), somatosensory-evoked 
potentials  (SSEPs), and H-reflex were recorded. The elec-
trodes were placed under combined anesthesia, includ-
ing the presedation of the animals with xylazine (Rometar, 
Russia) at a dose of 5  mg/kg, followed by inhalation of 
3% sevoflurane vapor. After electrode placement, the animal 
was anesthetized for 1.5 h to minimize the residual myor-
elaxant effect of sevoflurane. Baseline neurophysiological 
parameters were then recorded along with intravenous 
propofol infusion at a concentration of 4–6 mg/kg/h. After 
the registration of neurophysiological parameters, SCI was 
modeled with continued propofol infusion accompanied by 
nonsteroidal anti-inflammatory drug injections. Neurophysi-
ological parameters were repeatedly recorded immediately 
and 3 and 8 h after injury. Drugs with myorelaxant effects 
were not used because of the need to assess motor con-
duction immediately after injury. The electrocardiogram and 
respiratory rate of the animals were monitored throughout 
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the experiment. Animals were sacrificed by intravenous in-
jection of 10% lidocaine solution under general anesthesia 
8 h after SCI modeling.

Neurophysiological examinations
The stimulating and recording electrodes for neurophysi-

ological testing were placed according to the schemes shown 
in Figure 1. These electrodes were surgically implanted to 
ensure the reproducibility of the neurophysiological examina-
tion results.

Owing to the need for prolonged recording of signals 
at different time intervals, we used cuff electrodes that we 
manufactured, which were braided with conductive threads 
based on stainless steel and coated with medical silicone. 
Two similar strands with uninsulated ends were fixed to 
the nerve at a standard distance of 1 cm. The total impedance 
of the system of a pair (active and reference electrodes) of 
such electrodes when applied to the target area, measured 
by the built-in functions of the Neurosoft-M software, ranged 
from 0.8 to 1.0 kOhm.

To record MEPs and SSEPs, the active and reference 
electrodes were inserted into the spongiosa of the cranial 
vault bones on both sides of the sagittal line after drilling 
through the first cortical layer with a 0.3-mm-diameter bone 
cutter (Fig. 2).

These implantation sites were chosen based on the local-
ization of motor and sensory cortical zones in this area ac-
cording to rabbit brain atlases [14]. The electrodes implanted 
in the skull had a stimulating function when recording MEPs 
and a recording function when recording SSEPs. The intracra-
nial electrodes were made of gold wire. After implantation, 
the electrodes were fixed with bone cement.

Stimulating electrodes for SSEPs and H-reflex testing 
were placed on the sciatic nerve of both hind limbs and 
secured to the surrounding muscles with separate knotted 
sutures. To record the H-reflex, paired needle electrodes 
were placed in the flexor muscles of the hind limbs. To record 
MEPs from the hindlimb muscles, recording electrodes for 
the H-reflex were used; to record MEPs from the forelimb, 
paired needle electrodes were placed in the triceps brachii. 
The active recording electrode was placed at the thickness 
of the muscle belly, and the reference electrode was placed 
near the tendon of the muscle.

After placing the electrodes to obtain MEPs, the cere-
bral cortex was electrically stimulated with 0.2 ms of single 
electrical pulses and 100 mA of stimulation intensity. To re-
cord  SSEPs, the sciatic nerve was rhythmically stimulated 
with an electric current with frequency of 0.5 Hz, stimulus 
duration of 0.2 ms, and stimulus intensity of 2 mA.

When examining the H-reflex, the pulse intensity was 
gradually increased from 0.2 to 8.0 mA with a step of 0.2 mA 
to obtain the maximum amplitude of the H- and M-responses 
during sciatic nerve stimulation.

SCI modeling
Contusive SCI modeling from the ventral approach was 

conducted according to the author’s method reflected in 
Patent No. 2768486 “Method of Modeling Traumatic Spi-
nal Cord Injury from Ventral Approach in the Lumbar 
Spine”  (2022)  [15]. After shaving and treating the surgical 
field with an alcohol antiseptic solution, an 8–10 cm linear 
incision of the skin and subcutaneous adipose tissue was 
made with a scalpel along the pararectal line of the abdo-
men. The first muscle layer of the anterior abdominal wall 

Fig. 1. Scheme of the registration of neurophysiological parameters of the experimental animal: a, somatosensory-evoked potentials 
(1, a stimulating electrode on the sciatic nerve; 2.1, a registering electrode on the cerebral cortex; 2.2, a registering electrode on the lumbar 
thickness of the spinal cord); b, motor-evoked potentials (1, a stimulating electrode in the projection of the motor zone of the cerebral 
cortex; 2.1, a recording electrode on the triceps brachii; 2.2, a recording electrode on the calf muscle); c, H-reflex (1, a stimulating electrode 
on the sciatic nerve; 2, a recording electrode on the calf muscle)

a b

c

Cortex 
2.1

1

Lumbus 
2.2

n. ischiadicus 
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(external oblique muscle) was dissected, and the muscle 
layers up to the spine (external and internal oblique mus-
cles) were dissected using the blunt method. Because of 
the low thickness and strength of the rabbit peritoneum and 
the high probability of its damage, the retroperitoneal space 
was accessed as close to the spine as possible. The inter-
nal oblique and transverse muscles were dissected along 
the edges of the transverse processes. The retroperitoneal 
space was reexamined, and the LII vertebra was identified. 
The retroperitoneal tissues and organs were then pushed 
aside with the scapulae. The LII vertebral body was dis-
sected free of muscle, ligament, and periosteum using 
a curved Farabeuf dissector and a coagulator. A hole was 
drilled in the center of the vertebral body using a 3-mm 
diameter bone mill, and the bone chips were carefully re-
moved. The spinal cord was crushed using a percussion 
device. The load weighed 100 g, and the free stroke was 
30 cm. With this variant of approach to the spinal cord and 
its damage, the vertebral motor segment in the SCI area did 
not require stabilization. Hemostasis was then achieved, and 
the wound was tightly sutured layer by layer.

The impactor consisted of two parts. The impactor was 
a 20-cm long metal rod and weighing 15 g, with an additional 
weight of 20 g attached to the upper part. The second part 

of the device was a metal frame that was kept in a strictly 
horizontal position during surgery using a special level, with 
a guide tube attached to the frame (Fig. 3).

In the second group, the SCI was modeled using the dor-
sal laminectomy approach at the same level (vertebra  LII) 
and the same impact force. Both groups were immobilized 
throughout the study to avoid displacement and damage to 
the electrode system.

Histological examination
Rabbits were euthanized 0, 3, and 8 h after injury, 

and neurophysiological examination was performed. 
At  appropriate time intervals, the spinal canal was opened 
by dissection, and the spinal cord was removed from 
the first lumbar segment (LI) to the fifth lumbar vertebra (LV). 
Each specimen was then placed in 10% buffered formalin 
for 48 h. At autopsy, transverse and longitudinal sections 
of the spinal cord were obtained. The area of the greatest 
macroscopic change (spinal cord tissue hemorrhage) was 
used as a reference point. A transverse section was cut 
from this area, and longitudinal sections (0.7 cm long) 
were cut cranially and caudally at the level of the anterior 
horns of the spinal cord. Transverse sections were then cut 
again. The material was dehydrated in graded alcohols and 

Fig. 2. Scheme of the implantation of intracranial electrodes: a, scheme of marking the installation zones of the intracranial electrodes 
(actively, frontally and referentially, and dorsally), stimulating motor-evoked potentials, and registering somatosensory-evoked potentials; 
b, surgical field with holes prepared for implantation.

a b3 mm
3 mm

15 mm

Fig. 3. Photographs of the impact rig in the assembly
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embedded in paraffin in a standard manner. Paraffin blocks 
were microtomized, and 3-μm thick histological sections 
were obtained and stained with hematoxylin and eosin. 
Visualization was performed using AxioStar (CarlZeiss, 
Germany) and LOMO BLM (Russia) microscopes. Micrographs 
were taken using the MC-CAM camera built into the LOMO 
BLM microscope. The hemorrhagic area was estimated using 
MC-View software (Germany), and the number of neurons 
was estimated using QuPath software (UK).

Statistical data processing
Statistical data analysis was performed using Wolfram 

Mathematica 11. The normality of distributions was determined 
using the Shapiro–Wilk test, and differences between groups 
were determined using the Mann–Whitney U test.

RESULTS
General observations

No intraoperative complications were observed after 
20 surgeries to simulate SCI using ventral and dorsal ap-
proaches. All experimental animals underwent electrode 
implantation for neurophysiological study and the injury 
modeling phase without the need for additional interventions. 

In the ventral group, high surgical complexity and the need 
for extremely fast and timely hemostasis after impaction of 
the impactor were noted. No animal mortality was observed 
within 8 h after surgery.

Because of the manipulations in both groups, the clinical 
picture revealed the absence of any motor activity of the hind 
legs, both voluntary and involuntary, and a lowered tail 
position, indicating complete damage to the motor pathways 
of the spinal cord, which was confirmed by neurophysiological 
examination data.

Results of the neurophysiological 
examinations
MEPs

In the first and second groups, MEPs were recorded from 
the muscles of the forelimb and both hind limbs before SCI 
modeling (Fig. 4). The MEP values in the ventral and dorsal 
groups were not significantly different (p > 0.05), indicating 
that the animals were comparable between the groups and 
that the results could be further compared.

Immediately after ventral and dorsal SCI modeling and 
during the subsequent 8 h, MEPs from the hind limb muscles 
were not observed, whereas MEPs from the forelimb muscles 
were preserved, indicating complete disruption of conduction 
along the motor pathways of the spinal cord at the injury 
level (Fig. 5).

After SCI simulation with both approaches, the amplitudes 
of MEPs from the forelimb muscles gradually increased, 
which significantly increased 8 h after injury (p = 0.005) 
and almost twice the MEP amplitudes before injury (Table).

H-reflex
In the first and second groups, H-reflex and M-response 

were recorded from the m. gastrocnemius before injury 
modeling, and the indices were comparable in both groups. 
Comparative analysis of the H-reflex and M-response 
in the ventral and dorsal groups immediately and 3 and 

Fig. 4. Motor-evoked potentials from the hind limb (1 and 2 ch.) 
and forelimb (3 ch.) in a normal rabbit before injury modeling 
(4 ms/2 mV scale). ch, channel (leads)

1 ch.

4 ms

+100 mА  0.2 ms  0.3 Hz

+100 mА  0.2 ms  0.3 Hz

+100 mА  0.2 ms  0.3 Hz

2 mV

2 ch.

3 ch.

Fig. 5. Motor-evoked potentials 8 h after spinal cord injury modeling from the dorsal and ventral approaches (4 ms/2 mV scale). Motor-
evoked potentials from the hind limbs are absent

Dorsal approach Ventral approach
Right 
hind 
leg

Left 
hind 
leg

Right 
fore 
leg
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8 h after injury were not significantly different between 
the groups (p = 0.2). In 70% of the observations in the ventral 
and dorsal groups, a significant asymmetry of the H-reflex 
and M-response was found between the right and left sides 
(p = 0.03), which occurred immediately after injury and 
increased 3 and 8 h after injury in both groups.

The peculiarities of H-reflex registration in rabbits were 
found as irregular additional responses in the range of 
25–60  ms, visually similar to the H-reflex but differed in 
the time of appearance, which are described as polysyn-
aptic responses. Such H-reflex changes were observed in 
50% of rabbits before injury. After SCI modeling, polysynap-
tic responses were recorded in the dorsal group in 90% of 
the observations. The amplitude and frequency of polysynap-
tic responses gradually increased, reaching their maximum 
values 8 h after injury (Fig. 6). In 80% of the observations 
with the dorsal approach, this spontaneous activity acquired 
a rhythmic character. In contrast, the number and amplitude 
of polysynaptic responses significantly decreased in the ven-
tral group when compared with that in the dorsal group 
(p = 0.001). Polysynaptic responses after ventral injury were 
registered in only 10% of the patients.

SSEPs
In the study of SSEPs in rabbits before injury, in re-

sponse to the stimulation of the sciatic nerve on both sides, 
an evoked potential from the level of lumbar thickening and 
a cortical potential from projection areas of the cortex were 
recorded (Fig. 7).

Latencies and amplitudes of the lumbar thickening and 
cortical potentials were used to assess SSEPs. In a compara-
tive analysis of SSEP indices before SCI modeling, no sig-
nificant differences were found between the first and second 
groups (p = 0.8).

The latency of evoked responses is a stable indicator 
for evaluation, whereas the amplitude of SSEPs in rabbits is 
variable and depends on the animal characteristics.

Immediately after ventral SCI, cortical SSEPs were absent 
in all rabbits (Fig. 8). Moreover, 3 and 8 h after injury, cortical 
responses was not recovered. Immediately after the dorsal SCI 
modeling, cortical SSEPs were absent in 1 of 10 rabbits (10%) 
and were reduced in the remaining animals. At 3 h after injury, 
SSEPs were already absent in 5  of 10 rabbits, and the rest 

Table. Indices of motor-evoked potentials recorded from rabbit forelimbs in ventral and dorsal injuries

Group Index Before the injury Immediately after SCI 3 h after SCI 8 h after SCI

DI Latency, ms 2.67 ± 1.42 4.76 ± 2.42* 4.16 ± 2.21* 4.21 ± 1.11*
Amplitude, mV 1.63 ± 0.96 1.10 ± 0.47 1.42 ± 0.84 2.81 ± 2.12*
Duration, ms 9.61 ± 2.36 7.94 ± 1.77 9.28 ± 3.63 8.09 ± 2.18

VI Latency, ms 2.67 ± 1.42 4.47 ± 2.34* 4.60 ± 2.55* 4.30 ± 0.31*
Amplitude, mV 1.63 ± 0.96 1.18 ± 0.76 1.98 ± 0.63 2.90 ± 1.82*
Duration, ms 9.61 ± 2.36 9.50 ± 3.53 8.20 ± 3.05 9.48 ± 3.58

Note. DI, dorsal injury; VI, ventral injury; SCI, spinal cord injury. * Reliability of the difference between the index before and after SCI (p < 0.05).

Fig. 6. H-reflex in a rabbit with the dorsal approach before (a) and 8 h after (b) dorsal injury (5 ms/15 mV/1 mV scale): a, H-reflex and 
M-response are registered before injury; b, polysynaptic responses are registered in large numbers 8 h after injury

a b
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35 35
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Fig. 7. Somatosensory-evoked potentials in normal rabbits; 1 ch., 
evoked potential from the projection zones of the cerebral cor-
tex; 2  ch., evoked potential from the level of lumbar thickening 
(10 ms/15 μV scale). ch, channel (leads)
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left, Tibialis 
Cpz-Fpz

left, Tibialis 
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showed a progressive decrease in amplitude (p = 0.005). 
At 8 h after dorsal injury, no cortical potentials were recorded.

Thus, after ventral SCI, complete disturbance of spinal 
cord conduction occurred immediately, whereas after 
dorsal  SCI, it progressed gradually; complete conduction 
disturbance was observed in all animals 8 h after injury.

Registration of SSEPs 8 h after ventral and dorsal injuries 
revealed a twofold increase in the amplitude of the potential 
from the level of lumbar thickening (Fig. 9), and the degree 
of amplitude increase was significantly predominant in 
the dorsal group (p = 0.001).

Histologic pattern
All spinal cord samples showed multiple hemorrhages 

in the injury site. SCI specimens from the dorsal group 
showed more massive and extensive hemorrhages of mostly 
unchanged erythrocytes, mainly affecting the white mat-
ter in the posterior and lateral canaliculi. The hemorrhage 
area ranged from 10% to 38% of the area of the spinal cord 
transverse section (Fig. 10a, b). In the specimens obtained 
during SCI modeling in the ventral group, the hemorrhag-
es were small focal hemorrhages involving only the gray 
matter; the hemorrhage area ranged from 2.3% to 14% of 

Fig. 8. Somatosensory-evoked potentials in a rabbit before (a) and after (b) injury: the first channel showed cortical responses, whereas 
the second channel presented responses from the lumbar level (10 ms/15 μV scale): a, spinal and cortical potentials are registered before 
injury; b, a potential from the lumbar level is registered after injury, and there is no cortical response, indicating a complete disruption of 
conduction along the somatosensory pathways of the spinal cord at the injury level. The amplitudes of the lumbar response are increased. 
ch, channel (leads)

1 ch.
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right, Tibialis 
Cpz-Fpz
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Lumb

15 µV
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Fig. 9. Comparison of somatosensory-evoked potential curves during withdrawal from lumbar thickening after spinal cord injury modeling 
using ventral and dorsal approaches: a, immediately after injury; b, at 3 h; c, at 8 h. At 8 h after injury, the amplitude of somatosensory-
evoked potentials during withdrawal from the lumbar thickening increased. DI, dorsal injury; VI, ventral injury
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the area of the spinal cord transverse section (Fig.  10c). 
At 8 h after injury, neutrophilic granulocytes accumu-
lated in the hemorrhagic foci: up to 40–50 in one field of 
view at ×400 magnification. In addition, ecstasized vessels 

with thrombotic masses in the lumen were visualized in 
the specimens (Fig. 10d).

All spinal cord specimens showed edema and unfolding 
of the gray and white matter neuropil 8 h after injury. Changes 

Fig. 10. Hemorrhages in the spinal cord injury area, hematoxylin and eosin staining: a, dorsal injury, massive hemorrhage in the area 
of anterior and lateral tubules (transverse section, ×50); b, dorsal injury, massive hemorrhage in the area of anterior and lateral tubules 
(longitudinal section, ×50); c, ventral trauma, small focal hemorrhages in the gray matter of the spinal cord (transverse section, ×50); 
d, ectasized vessel with thrombotic masses in the lumen (longitudinal section, ×100)

a

c

b

d

Fig. 11. Neuronal changes in the spinal cord injury area, he-
matoxylin and eosin staining: a, dystrophic changes in neurons 
(longitudinal section, ×100); the black arrows indicate hydropic 
swelling and tigrolysis, and empty arrows indicate dark-type 
dystrophy; b,  hydropic swelling and tigrolysis of Nissl substance 
(transverse section, ×400); c, dark-type dystrophy of neurons; the 
arrows indicate large vacuoles in the cytoplasm (transverse sec-
tion, ×400)

a

c

b
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in soft cerebral membranes are represented by subarachnoid 
hemorrhages and focal edema.

Neuronal bodies in all samples went through dystrophic 
changes such as tigrolization of Nissl substance and dystro-
phy of the dark and light types (Fig. 11a). These changes be-
came more pronounced over time from the moment of injury 
(Fig. 11b and 11c). When counting the number of neuronal 
bodies with signs of dystrophy, the following proportions were 
determined: in the samples taken immediately after the in-
jury from the ventral group, the proportion of altered neurons 
was 38%–40%; at 3 h, the number of dystrophically altered 
neurons increased to 45%–48%; and at 8 h, it was 85%–90%. 

In the dorsal group, this proportion was 30%–35% imme-
diately after injury, 61%–65% at 3 h, and 95%–99% at  8  h.

In SCI specimens obtained using the dorsal approach, 
dystrophic neuronal changes were more pronounced in 
the anterior horns of the spinal cord (Fig. 12a, b).

After injury, all specimens showed initial signs of diffuse 
axonal damage such as club and bead-like thickening in axons 
extending 3–4 mm above and below the injury site (Fig. 13a). 
When counted semiquantitatively at 8 h, the ventral and 
dorsal groups showed similar signs of secondary axonopathy 
throughout the specimen, which was most pronounced 
in the anterior canaliculi below the SCI focus (Fig.  13b, c). 

Fig. 12. Dystrophic changes in the neurons of the anterior horn of the spinal cord at injury by the dorsal approach, staining with hema-
toxylin and eosin: a and b, 99% of the altered neurons in the area of the anterior horn of the spinal cord (cross section, ×100)

a b

Fig. 13. Diffuse axonal damage in traumatic spinal cord injury. Longitudinal sections, hematoxylin and eosin staining: a, numerous thick-
ened and deformed axons (arrows), ×100; b, progression of the diffuse axonal damage with the formation of club-like thickening and 
axonal ruptures, ×400; c, axonal rupture with the formation of eosinophilic axonal spheres, ×400; d, amyloid calf (arrow) at the border of 
gray and white matter, diffuse edema and neuropil unfolding, ×400

a

c

b

d



DOI: https://doi.org/10.17816/PTORS568295

497

	 	 Pediatric Traumatology, Orthopaedics 
	 Vol. 11 (4) 2023	 and Reconstructive Surgery
EXPERIMENTAL  
AND THEORETICAL RESEARCH

In addition, starchy (amyloid) cells were detected in the spinal 
cord, which was also indicative of massive axonal damage 
(Fig. 13d).

DISCUSSION
This study presents the results of SCI modeling using 

the ventral approach in rabbits, which is more labor-in-
tensive and complicated from the point of view of surgical 
technique when compared with the “classical” scheme of 
the dorsal approach, which is widely used in experiments 
on rats or rabbits. Most studies performed on rabbits have 
investigated ischemic damage of the spinal cord, which 
is associated with the peculiarities of the blood supply of 
the lumbar segments and the relative simplicity and con-
venience of the surgical technique of the prevailing mod-
els. No  literature data were found regarding contusion SCI, 
in which the traumatizing factor would act from the ventral 
side, which does not allow a comparative analysis of the ef-
fectiveness of the model from the ventral approach with 
previously performed experiments.

Neurophysiological studies to investigate spinal cord 
function are found in only 17.8% of publications modeling SCI 
in experimental animals [4].

In this study, an experimental model of spinal cord 
contusion injury from a ventral approach in a laboratory 
animal was designed and created. This model is as close as 
possible to the clinical situation in which the spinal cord is 
traumatized from the ventral region because of the damaging 
impact of the fragments of a fractured vertebral body.

For comparative analysis of spinal cord abnormalities, 
SCI was modeled by ventral and dorsal approaches and 
neurophysiological examinations, including the assessment 
of the H-reflex and sensory and motor pathways of the spinal 
cord, were performed immediately and 3 and 8 h after 
experimental injury. After the experiment, a comparative 
analysis of histological changes in the spinal cord depending 
on the injury type was performed.

According to the results of the study of histological 
changes, mild hemorrhage in the lesion zone was observed 
in the ventral group when compared with the dorsal group. 
This difference may be explained by crossing vessels sup-
plying the target segment in the ventral group. According 
to previous studies devoted to the comparative description 
of spinal cord blood supply, rabbits are characterized by 
a homosegmental blood supply with virtually no collater-
als [11, 16, 17], which results in a smaller hematoma when 
the feeding arteries are crossed. In this study, the severity 
of other morphological changes was comparable in ventral 
and dorsal SCI variants, which, with mild hemorrhage, indi-
cates a predominant contusion mechanism of ventral SCI, causing 
damage to spinal cord axons, and mild compression and 
trophic disturbances of the spinal cord due to hematoma.

The results of the neurophysiological study in rabbits with 
SCI showed different degrees of spinal cord damage depend-
ing on the injury type. According to SSEP data, in the dorsal 
group, spinal cord conduction was partially impaired imme-
diately after injury, and after 8 h, conduction was completely 
interrupted because of the increasing degree of spinal cord 
neuron damage, which can be explained by delayed changes 
along with hematoma and spinal cord edema. In the ventral 
group, signs of complete spinal cord damage appeared im-
mediately after injury in 90% of cases, indicating more severe 
damage to spinal cord axons.

At the ventral and dorsal groups 8 h after SCI, the amplitude 
of MEPs from the forelimb muscles and the amplitude of 
SSEPs from the level of lumbar thickening increased twofold, 
which can be explained by the reorganization of the functional 
activity of preserved spinal cord neurons above and below 
the SCI level.

The preinjury H-reflex and M-response indices obtained 
in the present study are comparable with data from previous 
studies in intact rabbits [18], indicating the accuracy of 
the recording techniques used and reproducibility of 
the experimental model. Differences in the H-reflex indices 
were found in rabbits depending on the injury type. For SCI 
from the dorsal approach, the frequency of polysynaptic 
responses increased in 90% of the observations, which can 
be explained by the disinhibition of peripheral motoneuron 
activity below the injury level. In contrast, the number and 
amplitude of polysynaptic responses were significantly 
reduced in the ventral group compared with those in 
the dorsal group, which may indicate reduced functional 
activity and damage to peripheral spinal cord motoneurons 
below the injury level and requires further study.

When analyzing the amplitudes of the H-reflex and M-re-
sponse in both types of injury, a large scatter and ambiguity of 
the changes in the H-reflex and M-response on the left and right 
sides were revealed, which may be related to the small sample 
size of the present study and the uneven damage to the spi-
nal cord because of its displacement during injury modeling.

In general, the results of the neurophysiological study 
indicated the comparability of MEP and SSEP disturbances 
before and after SCI with the clinical studies [19], which al-
lows the use of these data for monitoring spinal cord func-
tion in rabbits in further experimental models of SCI aimed 
at developing treatment methods. In this case, ventral SCI 
in rabbits can be considered a more appropriate model for 
studying this pathology in humans.

CONCLUSIONS
In this study, an experimental model of acute contusion 

SCI from the ventral approach in a laboratory animal was 
tested. The ventral SCI model allows for a more pronounced 
contusion effect of damage to spinal cord structures under 
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experimental conditions compared with the dorsal SCI 
model. The developed experimental model of SCI is as 
close as possible to clinical practice and can be the basis 
for scientific research aimed at studying spinal cord changes 
and new surgical, pharmacological, and physical methods of 
treatment of chronic SCI.
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