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Abstract: The knowledge of the COVID-19 symptomatology has increased since the beginning of
the SARS-CoV-2 pandemic. The symptoms of nervous system involvement have been observed
across the spectrum of COVID-19 severity. Reports describing difficulties of nerve roots are rare;
the affection of brain and spinal cord by SARS-CoV-2 is of leading interest. Our aim therefore is to
describe the radicular pain deterioration in the group of nine chronic lumbosacral radicular syndrome
sufferers in acute COVID-19. The intensity of radicular pain was evaluated by the Visual Analogue
Scale (VAS). The VAS score in acute infection increased from 5.6 ± 1.1 to 8.0 ± 1.3 (Cohen’s d = 1.99)
over the course of COVID-19, indicating dramatic aggravation of pain intensity. However, the VAS
score decreased spontaneously to pre-infection levels after 4 weeks of COVID-19 recovery (5.8 ± 1.1).
The acute SARS-CoV-2 infection worsened the pre-existing neural root irritation symptomatology,
which may be ascribed to SARS-CoV-2 radiculitis of neural roots already compressed by the previous
disc herniation. These findings based on clinical observations indicate that the neurotropism of
novel coronavirus infection can play an important role in the neural root irritation symptomatology
deterioration in patients with chronic pre-existing lumbosacral radicular syndrome.
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1. Introduction

The COVID-19 pandemic spread from Wuhan (China) worldwide rapidly with
509 211 909 cases reported and led to 6 217 091 deaths worldwide (24 April 2022) [1]. From
the beginning of SARS-CoV-2 pandemic, the knowledge about the COVID-19 symptoma-
tology has been growing. The view of COVID-19 as a primary acute respiratory infec-
tion [2,3] has changed since the non-respiratory symptoms and long consequences were
reported [4,5]. Nowadays, it is eminent that COVID-19 patients exhibit involvement and im-
pairment in the structure and function of multiple organs, the nervous system included [4,6].
The heterogeneous neurological symptoms have been observed across the spectrum of
COVID-19 severity. The brain [7], spinal cord [8–11], and peripheral nerves [7,12] can be
affected in acute and chronic COVID-19 [4,5]. The SARS-CoV-2 associated back difficulties
and radicular pain are of sparse occurrence in literature [13,14].
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The neurological symptoms are present in more than 35% of SARS-CoV-2 infections,
although determining the exact epidemiological data is difficult since the accurate report-
ing of neural symptoms is complicated [15]. Neurological impairment can be observed in
acute [4,15–17] and as well as in long COVID-19 [5] and are of wide variability and severity.
The most frequent central nervous system signs reported are headache, encephalitis, palsy,
seizures, and impaired consciousness [15–17]. The olfactory nerve impairment leads the
iconic feature of SARS-CoV-2 infection, anosmia and ageusia [18–20]. Moreover, the affec-
tion of spinal cord in COVID-19 can lead to several acute myelitis [8–11] and Guillain–Barré
syndrome [12,21]. The paresthesia was seen [22] as peripheral nervous system involvement.

There is sparse information of neural root impairment in COVID-19. Only anecdotal
clinical case reports of back pain in acute [13] and long COVID-19 [14] were presented.
Back pain with radicular or pseudoradicular syndrome was the first complaint in acute
SARS-CoV-2 infection. Back pain with radicular or pseudoradicular syndrome vanished
after SARS-CoV-2 recovery in the majority of cases [13] spontaneously. On the other hand,
the radicular pain can become chronic and neurosurgical intervention can be necessary [14].

Radicular pain is defined as “pain perceived as arising in a limb or the trunk wall
caused by ectopic activation of nociceptive afferent fibers in a spinal nerve or its roots or
other neuropathic mechanisms [23]”. In general, it can be said that radicular pain is caused
by lesions that directly compromise the dorsal root ganglion mechanically or indirectly
compromise the spinal nerve and its roots by causing ischemia or inflammation of the
axons. The causes are multifactorial. Furthermore, the radicular pain can be evoked by
radiculitis caused by viral infection or post-viral inflammation of a dorsal root ganglion, e.g.,
herpes zoster and postherpetic neuralgia. Arteritis can be also the cause of radiculitis [23].
Pain perception is very subjective and individual. The objective quantification of pain is
demanding, multiple questionnaires or surveys are used [24]. The Visual Analogue Scale
(VAS) can be used as a simple, valid, and effective way to assess disease control [25,26].

The occurrence of neurological symptoms in COVID-19 can be elucidated also by
the neurotropism of the human coronaviruses. Their affinity to the nerve structures was
proved and published by Desforges [27], Netland [28], and others [16,29–33]. The infection
of nerve structures leads to oedema of the nerves and affects the nerve signal transmission,
and further neural structure damage.

In process of neuroinvasion and nervous system damage, various routes are possible,
for example trans-synaptic transfer across infected neurons [34], entry via the olfactory
nerve [19,20,35], or leukocyte migration across the blood-brain barrier [27,28,31,32,36,37].
Nevertheless, the immunological response might be of high influence on the process of
neuroinvasion of coronaviruses in the process of neural symptoms development [37–39].
Both direct and indirect mechanisms of nervous tissues impairment may be of relevance.
The neurotropism was proven on animal models [28,30,33,38] and in vitro [32,36,40].

Based on these findings we hypothesize that the neurotropism of SARS-CoV-2 can
lead to radiculitis. If radiculitis affects the nerve root previously compressed by disc
herniation, it leads to worsening of the radicular pain. Verification of this hypothesis
was accomplished by the course of worsened radicular pain during acute COVID-19 in
nine chronic lumbosacral radicular irritation patients due to lumbosacral disc herniation
compromising the nerve root.

2. Materials and Methods

Series of cases reports include nine outpatient patients, out of these were three women
from 47 to 55 years of age (51.67 ± 4.16 years of age) and six men 41–57 years of age
(51.33 ± 5.68 years of age). They all were already indicated for surgical radicular decom-
pression for the lumbosacral radicular pain because of lumbosacral disk herniation at the
Department of Neurosurgery, Faculty of Medicine of Slovak Medical University, University
Hospital—St. Michal´s Hospital, Bratislava, Slovakia. The disc herniation was verified
by Magnetic Resonance Imaging (MRI). While waiting for the surgery, the SARS-CoV-2
infection led to dramatic worsening of lumbosacral radicular pain.
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These patients met inclusion criteria for subjects to be allocated to the study. The
inclusion criteria included chronic lumbosacral neural root irritation syndrome indicated
for neurosurgery operation, worsening of radicular pain in acute COVID-19, SARS-CoV-2
infection proven through polymerase chain reaction (PCR) in the period from 1 January
to 31 March 2021, mild or moderate COVID-19 illness [41], and absence of history of
even minor back trauma. The exclusion criteria were as follows: no proven SARS-CoV-2
infection or only antigen test positivity, history of vertebral trauma before COVID-19,
severe or critical COVID-19, administration to hospital because of COVID-19, need for
acute neurosurgical operation. Patients with long COVID-19 symptomatology [42] were
excluded too.

The Visual Analogue Scale (VAS) was used for determination of the subjective feel of
lumbosacral radicular pain. The patient marked scores from 0 to 10 on a ruler, where the
VAS score was ruled by measuring the distance on the 10-cm line between the ‘no pain at all’
and ‘my pain is as bad as it can be’. A higher score indicated greater pain intensity [25]. The
VAS was obtained as a standard part of personal examination in an outpatient clinic or by
telephone interview at defined time points. We used the prior infection VAS score obtained
at the time of neurosurgery procedure indication (1), at disease onset, when the difficulties
from neural irritation aggravation led to seek of medical advice (2), and after recovery of
COVID-19 (one month after the positive result of SARS-CoV-2 PCR confirmation) (3).

Cohen’s d was used to evaluate pre-post infection changes in the VAS score. An
effect size of less than 0.2 was considered small, approximately 0.5 was moderate, and
greater than 0.8 was large [43]. Effect sizes were calculated with the software program
G*power 3.1 (Heinrich-Heine-Universität Düsseldorf, Düsseldorf, Germany) for Mac OS
X [44]. Informed consent was acquired from all subjects.

3. Results

The nine patients included (six men and three women) were previously monitored
as outpatients at the Department of Neurosurgery for lumbosacral disk herniation with
direct nerve root compression with lumbosacral radicular pain and were indicated for
neurosurgical surgery for nerve root decompression. The group presented sedentary
lifestyle [45], heterogeneity in comorbidities, and in body mass index. While waiting for
surgery dates, the novel coronavirus infection was acquired by these patients. Radicular
pain worsened during the infection. The VAS values of 5.6 ± 1.1 prior to COVID-19
increased to 8.0 ± 1.3 (d = 1.99) during the course of infection, indicating that the infection
of SARS-CoV-2 worsened the previous pain intensity. However, the VAS values decreased
to 5.8 ± 1.1 after COVID-19 recovery. These data show, that the pain intensity decreased to
intensity comparable with intensity prior to infection after recovery (Table 1).

Table 1. Radicular pain intensity changes during the course of COVID-19.

Patient Sex Age (Years) Pre-COVID-19 VAS Peri-COVID-19 VAS Post-COVID-19 VAS

1 M 41 7 10 7
2 F 47 6 9 7
3 M 51 4 8 5
4 M 50 7 9 7
5 F 53 6 7 6
6 M 54 4 6 4
7 F 55 6 9 6
8 M 55 5 7 5
9 M 57 5 7 5

M: male; F: female; VAS: Visual Analogue Scale.

The course of COVID-19 was mild to moderate, no hospitalization due to severe
COVID-19 was needed in this group. No acute neurosurgical intervention was needed
during the duration of the study for lumbosacral radiculopathy deterioration.
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4. Discussion

As shown, the group of patients with chronic lumbosacral radicular pain because of
direct nerve root compression by disc herniation was identified, in whom the SARS-CoV-2
infection caused aggravation and worsening of the neural roots irritation symptomatology.
The radicular pain intensity during COVID-19 was found to be higher (VAS: mean, 8.0;
SD, 1.322; median, 8.0) compared with pre-infection (mean, 5.56; SD, 1.130; median, 6.0)
and led to seeking neurosurgical advice. When the disease was overcome, the radicular
pain intensity returned in the majority of cases to pre-infection levels (VAS: mean, 5.78;
SD, 1.093; median, 6.0). The calculated Cohen´s d proved the large effect size (d = 1.99).
The radicular pain deterioration had an acute course and dropped to pre-infectious levels
spontaneously. There was no need for acute neurosurgical intervention in this group.

Based on our clinical experience and data available we hypothesize that the radicular
pain worsening might be remarkably caused by the affection of previously compressed
neural roots structures during SARS-CoV-2 infection. The direct viral infection and/or
post-viral inflammation of a dorsal root ganglion, accompanied with oedema and neural
transmission changes is considered for the worsened radicular pain.

This might be corroborated by experiments performed on animal models [28,30,33,38]
or in vitro [32,36,40]. The neural structures involvement in COVID-19 was extensively
confirmed in clinical praxis [4,13,16,17,46,47]. Inflammation, oedema, and axonal damage
have been shown in autopsies of olfactory bulbs of patients who died due to COVID-19 [20]
and the presence of viral particles were proved in cerebrospinal fluid within brain in-
flammation [29]. The direct and indirect effect of the virus on neural structures together
with host immune system activation may lead to neural roots impairment in the structure
and function, which leads to neurological deterioration [14,40] and aggravated neurologi-
cal symptomatology.

Although the detailed mechanism of vertebral pain origin in human coronavirus
infections is not known, multiple geneses are suspected [18,27,48]. Nevertheless, the
possible affection of direct and indirect infection and immune system effects on not only
neuro-radicular, but also musculoskeletal and disco-ligamental structures, and can affect
the back and lumbosacral radicular pain genesis process too. This complex activation can
accelerate the development or aggravate chronic neurological diseases [27,40] and can lead
to long-term sequelae [5,14]. Pain accompanies COVID-19 more than anosmia and ageusia:
pain, 69.3%; taste/smell loss, 43.5% [18] or 33.9% of COVD-19 cases [19]. Musculoskeletal
pain showed a significant increase in the course of COVID-19 in the back and spine; it was
reported in 50.7% of cases [18].

In majority of cases the vertebral pain intensity dropped to pre-infectious levels after
disease was overcome. In SARS-CoV-2 infection the pain can surpass other symptoms or
can be the only symptom in oligosymptomatic COVID-19 and alone might be the main
reason for seeking medical advice [13,18,49]. Nevertheless, back pain can become chronic.
Rarely, the pain and radiculopathy in lumbosacral region can be resistant to conservatory
therapy and the neurosurgical decompression of nerve roots is necessary [14].

Limitations of the study are as follows: The borders between musculoskeletal and
neuropathic pain can be complicated to distinguish in clinical examination. We selected
patients with radicular pain, which is strictly a pain problem of the affected limb. The
sample size, by reason of this precise selection, is small. The microbial evidence of SARS-
CoV-2 in neural roots was not performed, as a biopsy can lead to irreversible damage to the
neural root and patients with acute COVID-19 were not indicated for acute neurosurgical
intervention. Ongoing COVID-19 the CT/MRI scans were not performed in the acute
session. The pain perception is very subjective and individual, and therefore VAS values
are under subjective bias. The objective quantification of pain is difficult, and the objective
measurement is impossible. The VAS score is easy to use with routine examination.

Studies investigating neurological associations of COVID-19 in vitro and in vivo are
necessary to increase our knowledge base. On the other hand, as new mutations of
SARS-CoV-2 [50,51] with possibly changed biological characteristics occur, the prospective
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comparable clinical trials will be difficult to design and evaluate. With the omicron variant
pathogenicity [52], the hope that possible new variants of SARS-CoV-2 are less severe and
have only minor impacts on human health is rising.

5. Conclusions

The worsened radicular pain accompanies the SARS-CoV-2 infection in patients who
suffer from chronic lumbosacral radicular irritation resulting from previous nerve roots
compression by intervertebral disc herniation. In the majority of cases the radicular pain
intensity decreased spontaneously after COVID-19 recovery to pre-infectious levels. The
acute aggravation and deterioration of chronic difficulties can be considered the prominent
symptom of the COVID-19, which may be ascribed to SARS-CoV-2 radiculitis of neural roots
compressed by the previous disc herniation. These findings based on clinical observations
and literature sources indicate that the neurotropism of the novel coronavirus can perform
an important role in the neural root irritation symptomatology deterioration in patients
with chronic pre-existing lumbosacral radicular syndrome.
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