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The prevalence of decompression and stabilization in the thoracic
and lumbar spine (LS) is constantly increasing due to the high
incidence of degenerative spine diseases among the working-age
population. Aim: To analyze histological changes in rats in which
the condition of LS was experimentally reproduced as in patients
with spinal nerve compression before and after performing de-
compression and stabilization of the spine. Methods. The study
was conducted using 19 white rats, in which the nucleus pulposus
in the intervertebral disc was destroyed at the Ly—L,, level. In
Model 1, at the level of the damaged disc, the right spinal nerve
was ligated with two double knots of suture material. In Model
2, the Ly and Ly, vertebral bodies were bilaterally fixed with two
metal staples, pressing them on the root area. Results. No signs
of inflammation were detected in any of the rats. Degenerative
changes were recorded in the adjacent cranial and caudal in-
tervertebral discs, but there was no significant difference in
the scores between the adjacent intervertebral discs, both in
the case of a general assessment and separately for the annulus
fibrosus and the nucleus pulposus. The values obtained were = 6.5
and = 5 points, respectively, for the model. The sum of the scores
for the annulus fibrosus of the degenerative disc of Model 1 was
significantly higher compared to both adjacent discs (p =0.016;
p = 0.026), compared to the corresponding values for the cranial
or caudal disc of Model 2, no difference was detected. In both
models, Wallerian degeneration was detected in the more distal
areas of the nerves. Conclusions: Degenerative changes occur
in adjacent discs'in a rat model of spinal nerve compression and
intervertebral disc nucleus pulposus injury. This provides an op-
portunity to use this model to study treatments for disc degen-
eration in patients with neurological complications after spinal
decompression and stabilization.

Howwpenns 0ekomnpecitino-cmaobiiizyiouux mpyuans Ha 2pyOHO-
My ma nonepekogomy 6iooinax xpeoma (I1BX) nocmiiino spocmae
uepes GUCOKY 4ACMONTY . 0e2eHepamueHUX 3axe0ploeandb Yiei 10Ka-
sizayii ceped npayezoamnoco naceienns. Mema. [Ipoananizysamu
2ICmMono2iuti 3MIHU 8 WYPI6, AKUM eKCHEPUMEHMATLHO GI0MBOPUTU
cman IIBX ax y nayicnmie i3 KomMnpecicio cnunHOMO3KOBUX Hep-
8i8 00 MA BHACIIOOK BUKOHAHHA OEKOMNPECIlIHO-CMAOINIZVIoUUX
empyuans. Memoou. J{ocniodicenns npogedene 3 GUKOPUCAHHAM
19 binux wypis, Axum pyunysanu opazaucme s0po 8 midcxpeoye-
680MY Oucky Hd pieHi Ly—Ly. Mooenv 1 — Ha pigHi yuKo0xiceHo2o
Jucka nepee’s3ysanu npagoOiuHULl CNUHHOMO3KO8UL Heps 060-
Ma ROOGIIHUMU 8Y3NAMU UO8HO20 Mamepiany. Y Modeni 2 mina
xpebyie Ly ma Ly, 6inamepanvho ¢hikcyeanu 06oma memanegumu
cKObaMU, NPUMUCKAIOYU HUMU OLIAHKY Kopinyie. Pesynvmamu.
O3Hak 3ananenns e 8UABIEHO 8 HCOOHO20 3 WYpI6. 3adikcoeano
OeceHepamueHi 3MIHU 68 CYMINCHUX KPAHIATLHOMY Ma KayOaabHO-
My Ouckax, npome 3a OyiHKol 6 banax ne 6yn0 3Hawyujoi pizHuyi
MIXHC CYMINCHUMU MIDCXpeOyeguMU OUCKAMU, AK Y Pa3i 3a2albHOT
oYinKU, Max i OKpemo 05l BONOKHUCIO20 Kilbls ma Opaziucmo-
20 a0pa. Ompumani 3Hauenus dopiguiosanu ~ 6,5 ma = 5 oanam
810n06ioHo mooeni. Cyma 6anié 015 80IOKHUCMO20 KilbYsl YUWKO-
Oocenoeo oucka Moodeni 1 byna 3uauywe OiibUION0 NOPIGHAHO
3 0boma cymigichumu ouckamu (p = 0,016, p = 0,026), nopiensno
3 BIONOBIOHUMU 3HAYEHHAMU KPAHIAIbHO20 a0 KayOaibHO20 OUC-
ka Modeni 2, pisnuyi ne susgieno. Y 000x mooensix 3aghikcosamo
Y oucmanvhiuie po3mauiosanux OilaHKax nepeie Baineposy oeze-
nepayiro. Bucnoexu. Y mooeni wypie i3 komnpeciero cnuHHOMO3KO-
6020 HEPBA Ul YUIKOOICEHHAM OPA2IUCIO20 10pa MidcXpedyesoco
oucka TIBX eunuxaiomv OecenepamuHi 3MiHU 8 CYMIJDICHUX OUC-
Kax, wo 0ae 3mMozy 8UKOPUCo8y8amil ix 01 00CHIONHCEHHA Memo-
016 MiKYy8aHHs OeceHepayii OUCKIB Y NAYIEHMIE i3 HeBPONOSTUHUMU
VCKAAOHEHHAMU NICIA 0eKOMNPECIUHO-CMadiii3youux mpyians
Ha xpeomi. Knouoei crnosa. [ecenepayia mixcxpedyeeoeo oucka,
Wyp, KOMRpecis CNUHHOMO3KO8020 Hep8a, 0e2eHepamusHi 3ax60-
PIOBAHHA NONEPEK0B020 GIOOLNY Xpebma, 3ax60PIOEAHHS CYMIJICHUX

ce2menmis.
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Introduction

The issue of preventing and managing complica-
tions arising from decompression-stabilization pro-
cedures in the thoracic and lumbar spine remains
an ongoing challenge. Transpedicular stabilization
of the spine is one of the standard methods of surgi-
cal treatment of degenerative diseases of the spine.
At the same time, incorrect placement of transpedic-
ular screws is associated with the risk of neurological
complications [1]. Neuropathic pain is one of them
and is accompanied by a deterioration in the quality
of life [2]. In patients presenting with neurological
complications resulting from lumbar spine (LS) nerve
compression, decompression-stabilization interven-
tions (DSI) may not consistently result in complete
recovery for all individuals [3]. Pre-existing neuro-
pathic pain increases the risk of prolonged pain after
spinal fusion [4]. In addition, it is important to study
the condition of the intervertebral discs adjacent to
the degenerative segment due to the corresponding
complication that occurs after spinal fusion of the LS
in 5-30 % of patients [5]. The solution to this problem
involves creating new ways to treat and prevent these
complications. That is, it is important to create models
that will allow studying the development of changes
in the spine in patients with nerve compression in
the LS both before and after DSI. This will help to
plan the further use of various conservative treatment
methods, in particular biological therapy for adja-
cent segments. Animals, especially small ones, such
as mice or rats, are one of the common options for
modeling degenerative diseases of the spine [6—11].
S. Shehab et al. found in rats with unilateral ligation
of the spinal nerve at the level of Ly that the effect
of capsaicin or resiniferatoxin on the adjacent nerves
Ly and LBI reduced pain and structural changes in
the nerves [12]. This provides a direction in the cre-
ation of animal models for studying the development
of structural changes in the spine similar to those in
patients with degenerative spinal diseases and neuro-
pathic pain at the affected and adjacent levels.

Objective: To evaluate histological alterations in
rats following the experimental replication of lumbar
spine conditions analogous to spinal nerve compres-
sion in humans, both prior to and subsequent to de-
compression-stabilization procedures.

Material and methods

The experimental study was reviewed and ap-
proved by the Bioethics and Deontology Committee
of the State Institution “Professor M. I. Sytenko In-
stitute of Spine and Joint Pathology of the National
Academy of Medical Sciences of Ukraine” (protocols

No. 215 dated 19.04.2021, No. 239 dated 18.12.2023).
The research was carried out in accordance with reg-
ulatory and legislative requirements [13, 14].

Animals

The experiment was performed using 19 non-
linear white rats aged 9-10 months (body weight
430—675 g) from the population of the Experimental
Biological Clinic of the State Institution “Professor
M. 1. Sytenko Institute of Spine and Joint Pathol-
ogy of the National Academy of Medical Sciences
of Ukraine”

Surgical interventions

For anesthesia, rats were injected intramuscularly
with medetomidine hydrochloride (0.02 mg/kg) and
ketamine (50 mg/kg). The animals were fixed in a su-
pine position. After laparotomy, the abdominal or-
gans were taken out, wrapped in a sterile gauze nap-
kin and irrigated with saline. To access the ventral
part of the LS, soft tissues and blood vessels (spi-
ral-lumbar and posterior vena cava) were carefully
retracted, protected ‘with a sterile gauze napkin and
retractors were installed. In the intervertebral disc at
the level of segments Ly—Ly;, a standard perforated
defect was created with the destruction of the nucleus
pulposis (depth 1.5 mm) using a dental bur with a di-
ameter of 1.5 mm.

The animals were divided into groups depending
on the pattern of spinal nerve compression:

— Model 1 (n = 9). Between the right-sided mus-
cles next to the damaged intervertebral disc, the ad-
jacent spinal nerve (ventral branch of the lumbar
nerves, which passes into the sciatic nerve) was visu-
alized and separated with control of the manifestation
of the motor reflex in the right pelvic limb of the rat.
Then, the spinal nerve was ligated with 2 double
knots of non-absorbable suture material (Fig. 1, a);

— Model 2 (n = 10). For spinal fusion, two stain-
less steel staples (medical stapler Manipler® AZ-35W,
6.9 mm % 4.2 mm, grade 316L) were used after short-
ening their arms to 2 mm. In the adjacent vertebral
bodies of the Ly and Ly, four standard perforated de-
fects with a depth of 2 mm were created using a den-
tal bur with a diameter of 1.2 mm bilaterally, two in
the caudal part of the Ly and two in the cranial Ly;.
Then, using the press-fit technique, metal staples
were implanted into the defects, pressing the adjacent
spinal nerves with them (Fig. 1, b).

Upon completion of the surgical intervention,
the abdominal wall and skin wound of all rats were
sutured in layers with absorbable suture material and
treated with a povidone-iodine solution (10 %).

In Model 1, 2 rats died 5 and 9 days after the in-
tervention. In Model 2, 2 individuals died during
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the operation, another 2 a day later, and another 2 an-
imals after 4 days.

Eight weeks after surgery, 11 rats were removed
from the experiment by decapitation, which was due
to the need to collect blood for biochemical analysis.
Fragments of the L,—S; LS were removed for further
histological examination.

Histological analysis

For histological analysis, the selected fragments
of the lumbar spine L—S; were fixed in 10 % neu-
tral formalin for 5 days. After decalcification in 10 %
formic acid solution, 3 fragments with intervertebral
discs were cut out: cranial (L,y—Ly), level of injury
(Liv—Ly), caudal (Ly—S)), cutting along the vertebral
bodies. After that, the samples were dehydrated in
ethyl and isopropyl alcohols of increasing concen-
tration, soaked in a mixture of isopropyl alcohol and
paraffin, and embedded in paraffin. Using a sledge
microtome, histological sections of 6 pm thickness
were made in the coronal plane, which were analyzed
under a BX63 light microscope. Digital images were
obtained using a DP73 camera.

The assessment of degenerative changes in three
intervertebral discs for each rat was performed us-
ing the scale developed by A. Lai et al. [15]. Accord-
ing to it, the maximum manifestation of degenera-
tive changes is 16 points, and the normal structure
is 0 (Table 1). The assessment was not performed at
the level of damage to the nucleus pulposus due to its
absence.

Statistical analysis

The obtained indicators are presented as mean
and standard deviation. Their comparison within one
model was performed using the Wilcoxon test for re-
lated samples, and for comparison between models,
the Mann-Whitney U-test was used. The difference
was considered significant in p < 0.05. The analysis
was performed using the SPSS Statistics 23 software.

Results

Model 1 (n =7)
Cranial segment. In the intervertebral disc
of the spinal segment located cranially from the dam-

aged disc, in the outer section of the annulus fibrosus,
collagen fibers were appropriately organized, only
one rat (14 %) was found to have a violation. The cel-
lular composition in the outer section consisted of fi-
brochondrocytes, and in the inner section of chon-
drocytes. The cell density was from medium to high.
However, in the outer section, interfibrous ruptures/
cracks in the laminae were detected in half of the rats,
while in the others, there were no structural changes
(Fig. 2, 1).

In the nucleus pulposus, the matrix was hetero-
geneous in color in all animals except one. In 70 %
of cases, notochondral cells were detected in the nu-
cleus pulposus; while in the others, only chondrocytes
were detected, and in one rat, degenerative cells to-
gether with chondrocytes (Fig. 2, d). In rats in which
notochondral cells were detected, chondrocytes were
also recorded. Among the signs of nucleus pulposus
degeneration, the following were detected: cell loss
in 42% of cases, accumulation of collagen fibers in
57 %, and calcification in 1 (14 %) (Fig. 2, d).

The endplates were without structural abnormali-
ties, except for one rat, in which they were calcified,
which was combined with vascular growth. At this
level of the spinal segment, no signs of inflammation
were detected.

Level of damage. At the level of injury to the in-
tervertebral disc by a dental bur in the fibrous ring, all
rats had impaired organization of collagen fibers, in
28 % they were disconnected and torn. The outer and
inner sections did not have a pronounced difference
in structure, and among the cells, only chondrocytes
were determined in half of the rats, in the others both
fibrochondrocytes and chondrocytes (Fig. 2, b, 1).
The cell density was from medium to low, in one
animal it was high. Among the preserved plates
of the outer section of the fibrous ring, interfibrous
gaps were determined in 71 % of cases, which were
combined in 28 % with fragmentation of the plates,
and in 28 % the presence of detritus was detected.

Nucleus pulposis did not have a characteristic
structural structure due to boron damage and was

Fig. 1. Surgical site after performing a hole
defect in the intervertebral disc at the level
of segments Ly and Ly; (double arrow) and
compression of the adjacent spinal nerve
by ligating it with suture material in rats,
Model 1 (a) and pressing with implanted
metal staples in rats, Model 2 (b)
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actually replaced by other tissues: in 57 % connective,
sometimes with capillary-type vessels, with a large
number of fibroblasts, single chondrocytes, and in
33 % cartilaginous with chondrocytes and small cells
of notochondral cells (Fig. 2, f). In rats with replace-
ment of the nucleus pulposis with cartilage tissue,
cracks in the matrix and detritus were found next to
them. In one animal out of 7 (14 %) the cartilage tis-
sue in the nucleus pulposis area was combined with
newly formed bone tissue cells, capillary-type vessels
and detritus. There were no signs of inflammation at
this level of the spinal segment.

Caudal segment. In the annulus fibrosus of the in-
tervertebral disc of the spinal segment caudal to
the injured level, 57 % of the collagen fibers retained
a lamellar structure, while the rest showed signs
of disorganization. The cells analyzed were charac-
teristic of the annulus fibrosus — fibrochondrocytes
and chondrocytes, which were located near the nu-
cleus pulposus. The cell density was medium to
high. Interfibrous gaps in the annulus fibrosus plates
were found in half of the rats, while the integrity
of the structure was preserved in the others (Fig. 2, o).

In the nucleus pulposus, notochondral cells were
identified in only half of the rats, while only chon-
drocytes were found in the others. Notochondral cells
were often combined with chondrocytes. The matrix
of the nucleus pulposus was mostly heterogeneously
stained. Among the signs of degeneration of the nu-
cleus pulposus, an accumulation of collagen fibers
was found in 28 %, while areas of calcification were
present in the others (Fig. 2, g).

The endplates were intact with no signs of vascu-
lar ingrowth. Inflammation 'was not detected in any
of the studied cases.

At this level, the spinal nerves that formed
the lumbar plexus were surrounded by an epineurium
of dense connective tissue. (Fig. 3, a, b). In the nerve
fibers, degenerative changes in axons were deter-
mined in the form of accumulation of amorphous
decay products and axon fragmentation (Fig. 3, a).
Single Schwann cells were determined (Fig. 3, b).

According to the quantitative assessment of degen-
erative changes in intervertebral discs in Model 1, no
difference was found in the scores between the cra-
nial and caudal adjacent discs (Table 1), and the aver-
age score was =~ 6.5 points. The sum of the scores for
the fibrous ring of the damaged disc was significantly
higher compared to both adjacent discs (p = 0.016;
p=0.026).

Model 2 (n = 4).

Cranial segment. The intervertebral disc lo-
cated cranially from the damaged segment consisted

of a fibrous ring and a nucleus pulposis (Fig. 2, a). In
the fibrous ring of the intervertebral disc, collagen
fibers retained the appropriate structural organization
in 80% of rats. Fibrochondrocytes were located in
the outer and chondrocytes in the inner part of the fi-
brous ring. The cell density was average. In the outer
part of the fibrous ring, interfibrous gaps and fiber
breaks in the laminae were found in 40 % of cases
(Fig. 2, p, w):

In the nucleus pulposis, the matrix had a heteroge-
neous color in 60 % of rats, the cellular composition
in all animals was notochordal, and chondrocytes
were also found in 40 % of them (Fig. 2, n). Among
the degenerative signs, the accumulation of collagen
fibers in areas 'was determined in 60 % of cases.
The endplates were calcified in 80 % of the rats, but
without vascular growth. No signs of inflammation
were found in any animal.

Level of injury. At the level of injury, signs of dis-
organization of collagen fibers in the annulus fibrosus
of the intervertebral disc were determined in 80 %
of the individuals (Fig. 2, q, x). Chondrocytes and
fibroblasts predominated among the cells. Their den-
sity was high in 60 %, and medium or low in the oth-
ers. Interfibrous gaps in the laminae of the annulus
fibrosus and loss of the lamellar structure were also
found in 80 %.

The nucleus pulposus did not have a characteristic
structure and was replaced in 80 % by cartilage tissue
(Fig. 2, 1, u, Fig. 4, a), one of these rats was found
to have connective and bone tissue simultaneously
(Fig. 4, b).

In one animal (20 %), only connective tissue was
identified in the area of the nucleus pulposus. In a rat
with bone tissue, capillary-type vessels were found in
the connective tissue. The cells were appropriate for
the type of tissue, fibroblasts in the connective tissue,
chondrocytes in the cartilage tissue, osteoblasts and
osteocytes in the bone tissue. The endplates were cal-
cified in 60 % of the animals, and in the others they
were completely absent. No signs of inflammation
were detected.

In the vertebral bodies adjacent to the interverte-
bral disc, holes were identified that remained from
the staples installed during the surgical interven-
tion to stabilize this spinal segment. Bone tissue
of a lamellar structure was formed around the holes.
Cartilage tissue was also identified along the perime-
ter of the staples, and connective tissue in small areas
(Fig. 5, a). The structure of the vertebral bodies was
without signs of disorders. The only peculiarity was
that newly formed connective tissue with capillary-
type vessels was found on the outside of the vertebral
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Model 1
injured

cranial

disc

fibrous ring nucleus pulposis

disc

nucleus pulposis

fibrous ring

Fig. 2. Structural features of intervertebral discs in Models 1 and 2 at the level of injury and adjacent (cranially and caudally) to
this spinal segment. General view of the structure of the intervertebral disc (a—c, p—r). Replacement of the nucleus pulposis with
connective tissue (Ct) in Model 1 (b, ) or with cartilage tissue in Model 2 (q) with partial preservation of the structure of the fibrous
ring (k, x), violation of the integrity of the locking plate (b, f, q, u). Hypertrophied chondrocytes (arrow) u). Crack between the plates
in the outer part of the fibrous ring (arrow) (i, o, w, y). Accumulation of collagen fibers in the nucleus pulposis (arrow) next to clusters
of chondrocytes (arrows) (d, g, t, v). Designation: fibrous ring (FR), nucleus pulposis (NP). Hematoxylin and eosin.
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Tt
Quantitative assessment of degenerative changes in intervertebral discs (in points) (according to A. Lai et al. [lgl]))le
Category Model 1 Model 2
cranial damaged | caudal cranial damaged | caudal
Nucleus pulposus

Form 1.0+£0.6 — 14+£0.5 1.0£0.0 — 0.7+0.6

Area 0.7+£0.5 — 1.6 £0.5 0.3+0.6 — 0.7+0.6

Number of cells 1.0+ 0.8 — 1.2+£0.8 1.0+ 1.0 — 1.0+ 1.0

Cell morphology 1.1+£0.7 — 1.2+0.8 1.0+ 1.0 — 1.0+ 1.0
NP sum 39+22 _ S-fi 2.1 3.3_i 2.5 . pi’ii].%)go
pl =1.000 p3 =0.833 p3=0.250

NP — AF margin 1.6+0.5 — 1.6 +0.9 0.7+0.6 — 1.0+ 1.0

Fibrous ring
Lamellar structure 03+0.5 2.0£0.0 0.5+0.5 0.0 +0.0 1.5+1.0 0.0+0.0
Cracks/ruptures 07+0.5 1.7+0.5 0.5+0.5 0.3+0.6 1.8+£0.5 0.3+0.6
33+15

PR sum wosos | piooors (L 1051 |03k plonT |
p2 =0.026 ’ ’ 3= 1_’000 p3 =0.548

Endplate 03+0.5 2.0£0.0 0.5+0.5 1.0+0.0 2.0+0.0 03+0.6
Sum sre1s | sados | 73520 | 8aEas | ssels 310332%

Notes: pl — comparison with the corresponding indicator of the L;y—Ly disc; p2 — comparison with the corresponding
indicator of the Ly,—S; disc; p3 — comparison with the corresponding indicators of Model 1. NP — nucleus pulposus,

FR — fibrous ring.

bodies, as well as foci of newly formed spongy bone
tissue (Fig. 5, b). The spinal nerves at this level were
surrounded by an epineurium consisting of dense
connective tissue with fibroblasts between the fibers
(Fig. 3, ¢). In the nerves, similar degenerative changes
in axons were detected, as in the case of ligation with
a thread: amorphous decay products were found be-
tween the fibers, fragmentation of fibers, Schwann
cells were rare (Fig. 3, c, d).

Caudal segment. In the fibrous ring, collagen fi-
bers in 80 % of cases retained normal structural or-
ganization, only in one rat (20 %) signs of disorgani-
zation were detected. The cellular composition also
corresponded to the norm and consisted of fibrochon-
drocytes and chondrocytes. The cell density was
mainly average. In 40% of animals, interfibrous gaps
were recorded between the plates of the fibrous ring,
and in the others, the plates were intact (Fig. 2, y).

In the nucleus pulposis, the matrix was hetero-
geneously stained in 40 % of the individuals, with
notochordal cells and chondrocytes in them, and
with chondrocytes in the remaining rats with het-
erogeneously stained matrix. Signs of degeneration
in the form of accumulation of collagen fibers were
found in 40 % of cases (Fig. 2, v).

The endplates were intact in 80 % of the animals,
with calcified only in one (20 %). In all rats, vascular
sprouting was not recorded.

Signs of inflammation were also not detected in
any case.

According to the assessment of degenerative
changes in rats of Model 2, no significant differ-
ence was recorded between the cranial and caudal
intervertebral discs, both in general assessment and
separately for the annulus fibrosus and the nucleus
pulposus (Table). The obtained values were equal to
~ 5 points. When comparing the values of the annulus
fibrosus of the damaged disc with the corresponding
values for the cranial and caudal discs, no difference
was also found. No difference was found between
the models for all discs in the case of a quantitative
assessment in the points.

Discussion

As a result of the study, we developed two models
of degenerative diseases of the spine with compres-
sion of the spinal nerves and destruction of the nu-
cleus pulposus: 1) without fixation of this spinal
segment and with ligation of the spinal nerve in
the LS with a thread; 2) with fixation of this spinal
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segment with two clamps that pressed on the roots
of the corresponding spinal nerves. Reconstruction
of intervertebral disc degeneration in animals is of-
ten performed by destroying the nucleus pulposis,
in particular by puncturing it [8, 16]. In Model 1,
we reproduced intervertebral disc degeneration and
neuropathy in patients with degenerative spinal dis-
eases before performing decompression-stabilization
interventions to analyze how this affects the adja-
cent segments. Their condition is known to be one
of the factors that affect the success of subsequent
decompression-stabilization interventions and spinal

Fig. 3. Spinal nerve distal to nerve root
clamp or nerve trunk ligation in rats in
Models 1 (a, b) and 2 (c, d). Degenerative
changes in axons (arrow) and single
Schwann cells (arrows). Hematoxylin and
eosin

Fig. 4. Structural features of tissue
formation in the area of destroyed nucleus
pulposus in rats in Model 2. Replacement
of the nucleus pulposus with cartilage
tissue with hypertrophied chondrocytes
(a) or connective tissue with bone
formation (b). Hematoxylin and eosin

Fig. 5. Fragment of the vertebral body
of a rat spinal segment with a destroyed
nucleus pulposus in Model 2. Hole (H)
from the end of the fixing bracket around
which connective tissue (Ct), cartilage
tissue (Cart) and bone tissue (Bt) have
formed (a). Connective tissue is formed
from the outside of the vertebral body
and newly formed spongy bone tissue (b).
Hematoxylin and eosin

fusion [17, 18]. In Model 2, we attempted to repro-
duce the complications caused by spinal nerve root
compression due to misplacement of transpedicular
screws during decompression-stabilization proce-
dures at the Ly—Ly level or more distally, resulting in
neuropathic pain in patients [1, 2, 19]. During nerve
compression/ligation, we monitored the animals’
limb responses to confirm the accuracy of the pro-
cedure. In the models of intervertebral disc degener-
ation with nerve compression that we developed and
reproduced in rats, we found the development of de-
generative changes in the discs of adjacent segments in
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both quantitative and qualitative assessments. How-
ever, we did not find any differences in the degener-
ation score [15] between the models for all the inter-
vertebral discs studied. However, structural changes
differed between the models in the nucleus pulpo-
sus of the intervertebral disc of the spinal segment
caudal to the level of injury. Thus, Model 1 showed
more pronounced replacement of notochordal cells
by chondrocytes, cell death, accumulation of col-
lagen fibers in the matrix, and formation of cracks
than Model 2. In a similar study in mice, instabil-
ity was caused by resection of the posterior elements
of the spinal segment of the LS, resulting in degener-
ation of the nucleus pulposus at the level of the injury,
but the adjacent segments were not evaluated [20].
J. Sun et al. in rabbits that underwent spinal fusion
recorded degenerative changes in the nucleus pulpo-
sus in the adjacent segments [21]. The changes we
found may also be due to the fact that disc puncture
in rats causes an increase in interleukins in the ad-
jacent discs in the first 14 days after injury, which
indicates inflammation [11].

Degenerative changes in adjacent intervertebral
discs may also be due to impaired muscle innerva-
tion resulting from ligation of the nerve plexus or
compression of the spinal nerve roots. Another factor
may be dysfunction in the spinal nerve roots, which
occurs due to increased interleukin levels. in the sur-
rounding tissues due to inflammation in the damaged
disc [22]. This negatively affects peripheral nerve
function in the LS of the rats. Thus, neuropathy may
cause skeletal muscle myopathy in animals [23]. We
have previously shown that the development of de-
generative changes in the intervertebral discs of rats
is associated with atrophic changes in the muscles
in the LS paravertebral muscle ischemia model [10].
Thus, a difference was found between the models at
the level of the damaged intervertebral disc. In ani-
mals from Model 1, where the spinal segment with
a damaged intervertebral disc was not stabilized with
staples, degenerative changes in the annulus fibrosus
of the injured disc, as assessed by the score [15], were
greater than in both adjacent discs, which was not
found in Model 2. This may indicate the effect of in-
stability on the damaged disc. A. J Michalek et al. [7]
showed a 20 % decrease in disc stiffness under dif-
ferent loading conditions (compression and torsion)
in a rat model of a punctured intervertebral disc,
which may indicate a decrease in its ability to with-
stand loads. Loss of strength after puncture of the nu-
cleus pulposus has also been found in a cadaveric
intervertebral disc during axial loading [24]. Also, in
rats of Model 1, in which the replacement of the nu-

cleus pulposus with cartilage tissue was detected,
large cracks were detected, which was not the case
in Model 2. In our opinion, this may also be due to
the presence of instability in Model 1 compared to
Model 2. S. Liu et al. [25] also recorded the formation
of cracks in the nucleus pulposus in a model of insta-
bility of the lumbar spinal segment in mice.

Peripheral nerve injury by compression with a lig-
ature or ligation with a thread is quite common when
studying nerve degeneration/regeneration in animal
models [26]. A feature of spinal nerve roots is a thin-
ner epinervium and a lower content of collagen fibers
compared to peripheral nerves, so the above actions
cause more damage [27]. It is known that peripheral
nerve compression leads to edema, which causes ax-
onal damage due to increased endoneurial fluid pres-
sure [26, 27]. When peripheral nerves are ligated in
rats, the distal parts of the nerve undergo Wallerian
degeneration [27], which we observed in both models.
We did not detect signs of inflammation or increased
macrophage numbers after 8 weeks of modeling,
which is likely due to a significant decrease in these
manifestations 2 weeks after mechanical nerve injury
in rodents [28].

Conclusions

Spinal nerve compression and damage to the nu-
cleus pulposus of the lumbar intervertebral disc in
rats leads to degenerative changes in the adjacent
discs — cranial and caudal.

The developed rat models can be used to study
methods for treating disc degeneration in patients
with neurological complications after decompres-
sion-stabilizing spinal surgery.
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