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Abstract: The COVID-19 pandemic has highlighted the problem of long-term consequences of the disease, in particular on the
nervous system. More and more clinical observations indicate that patients who have had COVID-19 have persistent or
progressive neurological disorders, especially in the presence of degenerative changes in the spine. Myalgias and arthralgias are
characteristic manifestations of COVID-19 and are observed in 50-90% of patients in the acute period. During the convalescence
period, prerequisites are formed for the chronicity of symptoms with the involvement of the autonomic nervous system, which is
associated with degenerative-inflammatory changes in the musculoskeletal system, immune disorders and organic damage to all
parts of the nervous system. Decompensation of existing vertebrogenic pathology is of particular importance.

The aim of this study is to assess the impact of cervical spine degeneration on the neurological status of people who have had
COVID-19.

The study included 65 patients with upper body pain syndrome that arose, persisted, or worsened after the acute period of
COVID-19; the control group consisted of 14 practically healthy individuals. Pain intensity was assessed using the visual analog
scale (VAS). All patients underwent computed tomography of the cervical spine with determination of the Pavlov—Torg index and
morphometric-densometric assessment of vertebral body density. scan.

Pain syndrome was the leading complaint mainly in the form of cervicalgia, often combined with upper back pain and
irradiation to the upper extremities. Headache, vestibular and autonomic disorders had reflex-vascular mechanisms of
implementation. Signs of acquired cervical stenosing pathology with a maximum in the C6 segment were found in 75.4% of
patients, accompanied by pronounced neurological symptoms.

Conclusions. The transferred COVID-19 acts as a trigger for decompensation of degenerative changes in the cervical spine
with the formation of persistent pain and neurological syndromes. This necessitates a multi-level assessment of the patient's
condition, individualized treatment and rehabilitation tactics, and dynamic neurological monitoring.
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Introduction neuropathic pain, arthralgia and spinal pain, sensorimotor
disorders, and autonomic dysfunction, including after 6 months,
The virus has been shown to have widespread effects on the are particularly common [3].

central (CNS) and peripheral nervous systems (PNS), both in the

acute phase and in the long term after clinical recovery [1,2]. These manifestations are likely related to neuroinflammation,

damage to nociceptive pathways, impaired microcirculation, and

Some patients continue to experience persistent or recurrent immune changes. They are not explained by residual viral load.
neurological symptoms, indicating prolonged or delayed damage to COVID-19 often acts as a trigger for exacerbations or involves the
neural regulation (Long COVID). Pain syndrome, myalgia, osteochondral and musculoskeletal systems [4,5]. Thus, COVID-
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19 should be considered not only as an acute respiratory disease,
but as a factor in systemic and long-term damage to the nervous
system, capable of initiating or aggravating chronic neurological
and neuromuscular disorders [6].

The development of peripheral nerve and CNS pathology is also
associated with systemic vasculitis, thromboembolic complications
at the level of small and large vessels, imbalance of the renin-
angiotensin-aldosterone system and systemic accumulation of
cytokines. Clinically, this has manifestations of axonal
demyelination, focal neuronal necrosis, functional sensory,
neuromuscular and CNS disorders [7-9].

Myalgias and arthralgias are characteristic manifestations of viral
infection. These symptoms occur in 50-90% of patients in the acute
period of COVID-19, while their frequency and severity correlate
with the severity of the disease [10].

It is known that for the chronicity of a number of symptoms of the
disease with the obligatory involvement of the autonomic nervous
system (ANS) with the possibility of developing peripheral and
central sensitization, psychoemotional problems, as well as visceral
pathology [11-13].

There is data on the clinic of "prolonged COVID", which is noted
in approximately 10%-26.5% of patients [8]. Egyptian scientists .
Galal et al. [9] indicate that myalgias were 60%, arthralgias - 56%.

After severe ("hospital”) COVID-19, 1-2 months after discharge,
musculoskeletal pain was noted in 30% - 50%, and in 15% of
patients with a milder course of the disease [16,17].

In meta-analyses conducted on the main symptoms of ACS
[18], the frequency of arthralgia was on average 19% (from 7% to
34%), chest pain — 16% (from 10% to 22%), myalgia — (from 5%
to 43%) of convalescents.

In addition, it is necessary to take into account the exacerbation of
existing chronic musculoskeletal neuropathic pain syndromes [19]
with the presence of polyneuropathies, radiculopathies, spinal cord
injury. During this period of convalescence, an increase in algic
phenomena was noted.

COVID-19 can stimulate the development/exacerbation of
fibromyalgia, chronic fatigue syndrome (benign myalgic
encephalomyelitis), as well as psychoemotional, trophic,
vegetative-vascular, sympathalgic accompaniment. The above
additionally contributes to the rapid chronicity of the pathological
process [20,21].

It should be noted that, despite the high immunogenicity of the
SARS-CoV-2 virus and the significant frequency of joint pain,
patients rarely developed true reactive arthritis [22], which shifts
the responsibility onto the shoulders of neurologists. Therefore, we
focused on musculoskeletal pain, especially against the background
of degenerative-dystrophic lesions of the cervical spine (CDS) and
the characteristic autonomic dysfunctions [23-25].
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The above highlights the need for further research to develop
effective diagnostic approaches and treatment strategies in the
long-term follow-up of patients after COVID-19.

The aim of this study is to assess the impact of cervical spine
degeneration on neurological status in individuals who have had
COVID-19.

Materials and research methods. The study included 65 patients
with pain syndrome in the upper body, which was preserved,
caused, or increased after an acute period of infection with the
SARS-CoV-2 virus. In this case, damage to the segmental branches
of the nervous system, conductivity disorders, and DD processes in
the CDS were recorded.

Criteria for excluding patients from further investigation: the
presence of comorbid pathology, such as development, dysplasia
and dysraphism of the spinal cords, interspine joints, cystic
changes in the bodies of the spine, oncopathology, diagnosis of
osteoporosis and systemic diseases of the tissue.

Number of men - 25 (38.5%), women - 40 (61.5%). The second
period of patients: men (38.5%) from 29 to 65 years, women
(61.5%) — from 20 to 65 years. The average age of patients was
415 + 5.4 years. The control group consisted of 14 apparently
healthy people of the positive age group.

Pain syndrome began during the acute period of COVID-19 and
persisted in the future in 31 (47.6%) patients, and arose after the
acute period in 11 (16.9%) patients, or significantly intensified
(zagostrennya) in 23 (35.6%) patients. All patients underwent
computed tomography (CT) using the Pavlov-Torg index [26-30]
and the morphometric-densometric thickness of the C5-C7
vertebral body CDS degeneration [28].

The intensity of the pain syndrome was recorded using an
additional 10-point visual analogue scale (VAS) [31,32].

Statistical analysis was carried out using nonparametric methods.
The Wilcoxon T-test, the Krushkal-Wallis H-test (pairs) and
Friedman's Z-statistics, as well as the Kolmogorov-Smirnov and
Pearson's y2 tests were used. [33,34].

Analysis and discussion of results

Degenerative changes in CDS were most often detected in the form
of deformable spondyloarthrosis - 78.5%, spinal canal stenosis -
75.4%, swelling of the intervertebral openings - 72.3%, late-onset
hypertrophy and yellow ligaments - 6% deformable
spondylolisthesis.

Everything is listed and the presence of protrusion of the disc
dorsally or dorsolaterally (100.0%), cystic swelling of the edges of
the ridges and intervertebral angles corresponds to stenotic changes
in the spinal canal and intervertebral joints opening with the
development of persistent pain syndrome and neurological deficit
(Table 1). In the control, single cob DD changes in CDS were
recorded. For all the simple parameters of organic changes in the
CDS, there are small significant differences in the control group,
which is small compared to the zero index according to the
Bonferroni multiple t-test.




Table 1. Organic changes in degenerative-dystrophic process of the cervical spine
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Surveyed Hernias/protrusions | Spondylo- Spondylo- Spinal Narrowing of the | Hypertrophy of the
arthrosis listhesis stenosis interver-tebral longitudinal and
deformans deformas foramina yellow ligament

Examine 36/29** 51*** 30** 49*** 47*x** 42**

patients 55.4/44.6 785 46.2 75.4 723 64.6

n=65

Control n=14 | 1/0 1 1 0 1 2

7.1/0 7.1/0 7.1/0 0 7.1/0 14.3

Notes: the numerator indicates absolute numbers, the denominator indicates relative numbers

Determination of the Pavlov-Torg index by CT morphometry
in the main and control groups revealed significant differences
between the average values of Sag of the C6 vertebral body
(decrease by 1.3 mm compared to the control, p<0.05); diameter
(Sag) of the spinal canal at the C6 level — by 4.2 mm, p<0.05). The
most pronounced were the differences in the number of stenoses

Table 2. Average morphometric measurements in humans (M+m)

according to the Pavlov-Torg index — more than 10 times (p<0.01).
Thus, DD changes in the CDS have a direct impact on changes in
the size of the vertebra, the diameter of the spinal canal and
ultimately, on the development of cervicogenic canal stenosis
(Table 2).

Surveyed Average (Sag) size of the | Diameter (Sag) of the spinal canal | Amount of stenosis to Pavlov-
vertebral body C6 at the level C6 Torg index (<0,8)

Examine patients n=65 | 16.1+0.6 * 10.0+0.7* 49 (75.4%) **

Control n=14 17.4+0.5 14.2+0.8 1(7.1%)

Notes: * — p<0.05, ** — p<0.01 — significant differences in the studied indicators compared to those in practically healthy patients (Kruskal-

Wallis test)

Naturally, such stenotic changes in the spinal canal are
formed with the active intervention of a number of factors in the
form of disc protrusion, bone growths, ligament hypertrophy,
deforming changes in the joints and displacements of the vertebrae
along the axis of the spine. All these organic pathological
processes were diagnosed in patients of the main group, and their
combination was characteristic of each examined.

In the control group, the factors that form spinal canal
stenosis were either registered in significantly smaller quantities
(hernias and protrusions 4.8 times, p<0.05; spondyloarthrosis - 11
times, p<0.01; spinal canal stenosis - 10 times, p<0.01; narrowing
of the intervertebral foramina - 10 times, p<0.01), or completely
absent (spondylolisthesis and hypertrophy of the spinal ligaments).

The above-listed DD changes in the CDS can lead to the
development of persistent chronic pain syndrome. The latter,
according to the pathophysiological classification, is neuropathic,
that is, caused by structural changes in the nervous tissue itself at
various levels.

Pain syndrome was the main complaint in all patients.
Cervical pain was exclusively registered in 23 patients (35.4%),
pain in the upper back - in 32 (49.2%), irradiation to the upper
extremities was characteristic in 32 (49.2%). The intensity of pain
according to VAS ranged from 1 to 5 points, the average score was

3.1+£0.4 points. Headache (76.9%), mainly combined with neck
pain and was practically absent in the control group of patients
(14.3%, p<0.05), that is, it is possible that DD triggers the
mechanisms of headache realization.

Dizziness (58.5%), which was one of the leading clinical
syndromes with DD changes in the CDS in the main group. In the
control - 7.1% (p<0.01). They were of a non-systemic nature, more
typical of manifestations of autonomic dysfunctions. The
realization of dizziness, as in the case of cephalgia, was associated
with the mechanisms of pathological functioning of the structures
of the CSF.

During the neurological examination of the subjects of the main
group, the following were recorded: weakness in one (21.5%) or
two upper limbs (52.3%), i.e. 48 patients (73.8%). In addition, the
following were recorded: muscle atrophy of varying severity
(21.5%), gait changes (18.5%), weakness in one or both legs
(20.0%), fascicular twitching (3.1%). Compared with the control
group, in the DD pathology of the CDS, weakness in one arm was
observed 3 times more often (p<0.01), myalgic manifestations also
occurred 2 times more often (p<0.01), weakness in the legs - 1.9
times more often (p<0.05). Cases of bilateral weakness in the
hands, numbness, muscle atrophy, gait changes, and fasciculations
were completely absent in the control group (Table 3).

)
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Table 3. Neurological symptoms in degenerative-dystrophic process of the cervical spine

Weakness in the hands
Surveyed Steno-sis One Two Numb-ness | Myal-gia Muscle Chan-ge | Weak-ness | Fasci-
atrophy of move in the legs culations

Examine 57*** 14** 34** 30** 15** 14** 12** 13* 2*
patients 87.7 215 52.3 46.1 23.1 215 185 200 3.1
n=65
Controln=14 | 0 1 0 0 0 0 1 0

0 7.1 0 0 7.1 0 0 7.1 0

[IpuMmiTKH: y YMCENBHUKY MTO3HAYAIOTh a0COIIOTHI YUCTa, Y 3HAMEHHHUKY — BiTHOCHI;

* — p<0.05, ** — p<0.01, *** — p<0.001 — mocTOBipHI BIAMIHHOCTI JOCIIUKyBaHUXIIOKA3HHUKIB IIOPIBHSIHO 3 TAKUMH y IPAKTUYHO 30POBHX

namieHTiB (tect Kpyckana-¥Yomrica)

Thus, the results obtained indicate the reliable presence of
neurological symptoms in the DD process in the CDS.

In the main group, motor deficiency in the form of paresis,
mainly of the distal parts of the hands, was registered in 48 patients
(73.8%), pyramidal symptoms in the legs - in 32 (49.2%) patients,
dysfunction of the pelvic reservoirs (7.0-10.8%), as well as
sensory disorders (24.0-36.9%). Regarding the control group, only

mild sensory changes were noted in one observation (p<0.01), the
rest of the above-listed symptoms characteristic of the clinic of
cervical myelopathy were completely absent. Thus, according to
the data obtained, myelopathy is one of the leading slowly
progressive manifestations of the clinical picture of the
degenerative-dystrophic process of the cervical spine. (Table 4).

Table 4. Pyramidal and segmental disorders in stenotic changes of the cervical spine

Surveyed Paresis of the upper extremities | Pyramidal symptoms | Pelvic tank disorders | Sensory disorders
Examine patients | 48*** 32** 7* 24**
n=65 73.8 49.2 10.8 36.9
Control n=14 0 0 0 1
0 0 0 7.1

Notes: the numerator indicates absolute numbers, the denominator indicates relative numbers;
* — p<0.05, ** — p<0.01, *** — p<0.001 — significant differences in the studied indicators compared to those in practically healthy patients

(Kruskal-Wallis test)

Both local and segmental symptoms, pelvic reservoir
dysfunctions and sensory disorders were diagnosed. Symptoms of
pyramidal insufficiency were recorded in patients of the main
group.

According to CT, degenerative changes in the spinal cord
were maximal at the level of the C6 vertebra with the maximum
clinical correlation (neurological deficit, pain syndrome, etc.).
Morphometric analysis of this level according to the Pavlov-Torg
index was < 0.8.

Our studies confirmed the assumption that spinal canal
stenosis can be confirmed by manifestations of neurological
symptoms in patients. Clinical manifestations in the form of paresis
in the hands come to the fore, which can be interpreted as a leading
syndrome of myelopathy in spinal canal stenosis in humans
(73.8%). Motor deficit was less pronounced in the lower
extremities (20.0%), statolocomotor disorders and other symptoms
characteristic of secondary cervical myelopathy were also recorded
in the main group.

The presence of a large number of joints, muscles, major
vessels, spinal cord, nerve conductors and roots, which are located

in the cervical region, cause dysfunction of almost all body
systems, a variety of pathological conditions due to bone and
cartilage deformations in the cervical spine [35-38]. First of all,
these are marginal osteophytes of the vertebral bodies,
degenerative-inflammatory processes in the intervertebral joints,
hypertrophic manifestations in the posterior longitudinal and
yellow ligaments, congenital and acquired stenosis of the spinal
canal.

It is known that the anatomical structures that form the
cervical vertebrae are regularly subjected to various combinations
of loads. In addition, several articular joints and places of
attachment of ligaments and tendons on each vertebra lead to
variations in the type and magnitude of loads on different
anatomical areas within each vertebra. Due to the natural curvature
of the cervical spine, at each of its levels, the load on the vertebrae
is likely to be different.

Our studies revealed the preservation of physiological
lordosis in only 15.4% of all examined patients in the post-covid
period and with pain syndrome with neurovegetative
accompaniment. Pathological deviations of the spinal configuration
(straightening of lordosis - 43.1% and angular kyphosis - 41.5%)

@




were 84.6% (p<0.05), see Table 5. These indicators significantly
and reliably differed from the control group (by 2.4 times).

Pathological deviations of the spinal configuration in the
group with DD pathology of the cervical spine (84.6%) mainly

Table 5. Changes in spine configuration in the main and control groups
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manifested themselves in the form of angular kyphosis and
straightened lordosis. These organic changes were recorded with
the same frequency (41.5% and 43.1%, respectively). The clinical
course had the characteristic clinical symptoms described above.

Number of people surveyed (n) | forms of lordosis SHVH

Surveyed Angular kyphosis

Lordosis straightened Norm

Examine patients | 65

27 (41,5%)*

28 (43,1%)* 10 (15,4%)

Control 14 3 (21,4%)

2 (14,3%) 9 (64,3%)*

*BiporimHicTs: Mixk rpynamu mozeit p<0,05

In the control group, pathological changes were recorded
significantly less often (35.7%), i.e. 2.4 times in comparison with
the main group (p<0.05). In contrast to the latter group, angular
kyphosis prevailed 1.5 times more often than straightened lordosis.

Since at the C3 level in the people we examined with the DD
process, there were no changes in the vertebral body and
intervertebral disc, we accepted these data as a relative norm for
this patient. In addition, the HU units of CT of the spinal cord
provide reliable information regardless of the measurement plane,
age or gender, and the degree of degeneration [39].

Comparing the average density of the C3 vertebral body with
the density of the cranial vertebral body at the level of the lesion
and the average density of the caudal vertebral body at the level of
the lesion (in most cases, the C6 body, the level of the C5-C7
bodies), we obtained a pattern in which the average density of the
cranial vertebrae increases, and the distal vertebrae decreases,
which is likely due to the characteristic application of force and
mechanical energy. Similar patterns were observed in both patients
with DD of the CVD and relatively healthy people in the control
group. However, the average density of the C3 vertebra practically
did not differ in the examined groups, which indicates the
reference data of this level regardless of the factors and features of
functioning both in pathology and in relatively normal conditions.
At the same time, the average density of the cranial vertebrae in the
control group is 8.6% higher and the caudal vertebrae are 7.8%
higher than in the group with DD changes in the CDS. Thus
conditions are created for possible damage to the skeletal system of
the spine.

The average bone density of the C3 vertebra and at the level
of the DD process correlates with the literature data on the study +
SD comparing the indicators of healthy and patients with
radiculopathy, which is likely a consequence of dystrophic
processes in the spine, which are stimulated by the ANS as a result
of COVID-19.

Adequate and effective is the proposed measurement of bone
density in certain anatomical locations in the SVC, which is
performed almost exclusively on the central body of the vertebra,
either by measuring trabecular bone density in a single CT slice
[40-42], or by measuring a large volume of trabecular bone in
several CT slices [43-44]. Such a technique can be used to assess
the risk of spinal fracture, measure bone loss, including age-
related, and monitor the dynamics of osteoporosis and other

metabolic bone diseases. Determination of the bone density of the
spinal cord can be used for further treatment, surgical fixation of
the vertebrae, and its better quality.

Conclusions.

1. Pain syndrome was the main complaint in all examined patients
in the post-covid period. Pain syndrome prevailed in the neck
against the background of detected dystrophic changes in the
cervical spine.

2. Pain syndrome occurred in the acute period of SARS-CoV-2
infection and persisted in 31 (47.6%) patients, occurred after the
acute period in 11 (16.9%) patients, or significantly increased
(exacerbation) in 23 (35.6%) patients. Intensity according to the
VAS scale 3.1+0.4 points.

3. Cervical pain prevailed in combination with pain in the upper
back (49.2%), and irradiation to the upper extremities (49.2%).
Myalgia also occurred 2 times more often than in the control

group.

4. Headache (76.9%), mainly combined with neck pain in the
presence of vertebrogenic changes, which trigger a number of
nociceptive, neuroautonom mechanisms that support sensitization
and realization of pain phenomena.

5. Vestibular disorders (58.5%) - the second most frequent
syndrome, which also indicates the presence of autonom
dysfunctions in the post-covid period. They mainly had vegetative-
vascular and reflex mechanisms of symptomatology. Vertigo
syndrome was non-systemic in nature, more typical for
manifestations of disorders of ANS regulation, without
involvement of the peripheral department of the vestibular analyzer

6. In patients who had undergone SARS-CoV-2 infection,
compared with controls, paresis was detected in the hands (73.8%,
p<0.001), in the legs (20.0%, p<0.05), and gait changes (18.5%,
p<0.01); increased tendon reflexes (49.2%, p<0.01); numbness
(46.1%, p<0.01); myalgia (23.1%, p<0.01); muscle atrophy
(21.5%, p<0.01. They are the leading clinical manifestations of
damage to all parts of the nervous system as a result of a
combination of spinal pathology and other nearby structures.

7. Acquired cervical stenosis in patients who have had COVID-19,
according to the Pavlov-Torg index, is reliable for manifestations
of DD neck damage (75.4%) with a maximum at the C6 level and

bright clinical and neurological support.
11




8. The detected pathological curvature of the physiological lordosis
in patients who have had COVID-19 additionally increases the
likelihood of stenosis and compression of the spinal cord against
the background of DD processes in the cervical spine. Such
deviations amounted to 84.6%. In the control group, they were
observed 2.4 times less often (p<0.05) with a predominance of
angular kyphosis without clinical symptoms.

9. In patients after COVID-19, often observed: pain syndromes
mainly in the neck and upper half of the trunk with a pronounced
autonom component, impaired muscle tone, asthenic syndrome and
decreased activity of the cervical spine, which contributes to the
disruption of the formation of the correct configuration of the
spine, increasing the risk. Given the above, a multi-level
assessment and careful rehabilitation strategy aimed at preventing
spinal cord compression are required. Dynamic supervision with
neurological examination is necessary. Treatment tactics should be
formed individually by a neurologist, neurosurgeon.
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