
Chronic Non-specific Lateral Cervical Pain: A Case 
Report on Therapeutic Transcranial Magnetic 
Stimulation 

Chronic pain is associated with reduced quality of life and significant medical expenditures. A considerable 
number of patients suffering of chronic pain syndromes have little or no benefit from conventional phar-
macological and non-pharmacological therapies. Since it was first introduced in 1985, transcranial magnetic 
stimulation has emerged as a potent therapeutic and diagnostic tool, with level A recommendation for the 
treatment of neuropathic pain and depression. We report the case of a 42-year-old man suffering of chronic 
non-specific lateral cervical pain who achieved significant pain relief after high-frequency repetitive transcra-
nial magnetic stimulation (HF-rTMS) of the M1 area.
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INTRODUCTION

Pain is an unpleasant sensory and emotional experi-
ence. Several brain areas, including the hypothalamus, 
amygdala, thalamus, somatosensory cortex, insula, ante-
rior cingulate and prefrontal cortices are related to the 
experience of pain1.

Chronic pain is defined as pain lasting for more 
than three months and it is a common problem, prev-
alence studies indicating that in Europe 19% of adults 
experience chronic pain of moderate to severe intensity 
with serious negative implications in their working and 
social lives. Chronic pain is heterogenous – it can result 
from chronic somatic tissue degeneration, peripheral 
nerve injury, central nervous system injury and an array 
of chronic pain syndromes such as fibromyalgia and 
complex regional pain syndrome2.

As some patients with chronic pain do not respond 
to conventional therapies, various neurostimulation 
methods have been attempted for pain reduction, 
including repetitive transcranial magnetic stimulation 
(rTMS)1.

rTMS, introduced in 1985 by Barker and colleagues, 
is a non-invasive, safe and painless procedure, with 
therapeutic potential mainly demonstrated for chronic 
pain and depression3,4,5.

We report the case of a patient with non-specific 
chronic lateral cervical pain who achieved significant 
pain reduction after repeated sessions of HF-rTMS of 
the M1 area.

CASE REPORT

42-year-old male patient presented to our clinic for 
chronic non-specific lateral cervical pain originating 
near the insertion of the right sternocleidomastoid 
muscle (SCM) on the mastoid process. He reported 
symptom onset 6 years earlier, with pain in the lat-
eral cervical area bilaterally (but mostly on the right 
side). Ever since, the pain has been permanent, despite 
multiple investigations and both pharmacological and 
non-pharmacological treatment attempts. 

The pain described by the patient was highly 
non-specific, with variable characteristics – at times 
reminiscent of muscle tightness, at other times with a 
sharp, stabbing quality – but always originating around 
the insertion of the right SCM muscle on the mastoid 
process (even though sometimes spreading contralat-
erally/in the parieto-occipital/subscapular area). The 

intensity was described as severe – 10/10 on the Visual 
Analogue Scale (VAS) – in the absence of treatment 
and variably improved up to 7.5/10 on the VAS (allow-
ing the patient to perform day-to-day activities and 
work) with high-dose SNRI (duloxetine 120mg/day) 
and antiepileptic drugs (valproic acid), even though 
occasional attacks of severe pain associated with nau-
sea still occurred. The patient denied worsening of pain 
with movement of the neck or at the level of the tem-
poro-mandibular joint. 

The patient had no other relevant history of dis-
ease, except for a diagnosis of depression with a severe 
depressive episode just before the onset of symptoms 
(in the context of great psychological stress).

 Concerning the medical history of our patient, he 
had been extensively investigated for the last 6 years, 
with multiple medical evaluations and paraclinical 
investigations to determine the etiology of pain: cer-
vical X-ray, CT and MRI, temporo-mandibular joint 
MRI, soft tissue ultrasound of the neck – all of which 
yielded non-specific changes (chronic bilateral mas-
toiditis, degenerative changes of the temporo-mandib-
ular joints bilaterally), but failed to identify any nerve 
lesion/inflammation, musculoskeletal change or com-
pressive mass that would explain the clinical picture. 

Throughout the years, multiple pharmacological 
therapies were attempted without success (except for 
the partial benefit with high-dose duloxetine and val-
proate previously mentioned), among which non-opi-
oid and opioid analgesics, myorelaxants, corticosteroids, 
tricyclic antidepressive drugs (amitriptyline) and other 
antiepileptic drugs (gabapentin). The patient had also 
tried several non-pharmacological treatments such as 
physical therapy, acupuncture, botulinum toxin injec-
tion of the cervical muscles – all with no benefit.

DISCUSSION

TMS is based on the scientific principle of electromag-
netic induction discovered by Faraday in 1831: a brief 
electric current of high intensity in a TMS coil produces 
a perpendicular magnetic field. This magnetic field gen-
erates electrical currents in the targeted cerebral tissue, 
which if strong enough (i.e. above the threshold) will 
depolarize the neurons and produce TMS-induced 
action potentials4,5. A single TMS pulse evokes a cas-
cade of high-frequency synaptic activity in the stimu-
lated motor cortex3. TMS is believed to stimulate axons 
rather than neuronal cell bodies (which have a longer 
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electrical time constant and higher threshold), large, 
myelinated axons probably being the prime targets3,5.

For therapeutic purposes, trains of stimuli are 
applied to the target region of the cortex to induce 
alterations in brain activity. Stimulation occurs locally 
(i.e. the stimulation site) and in remote cortical and 
subcortical areas, including those involved in pain 
modulation and processing - the orbitofrontal corti-
ces, the medial thalamus, anterior cingulate and spe-
cifically in the periaqueductal grey matter. This occurs 
because although the stimulation target is represented 
by a single brain region, TMS effects can be mediated 
via distributed networks – remote effects occur when 
the action potentials of the targeted region propagate 
to distant regions through polysynaptic connections. 
Since neurological and psychiatric disorders can be 
conceptualized as disorders of neural networks, not 
brain regions, the ability of local effects to propagate to 
distant regions is important for using TMS in diagno-
sis and therapy1,2,6,7. rTMS is also postulated to reduce 
chronic pain by triggering descending inhibitory neural 
pathways to act at the dorsal-horn level1. Additionally, 
analgesia induced by rTMS appears to be related to 
reestablishing the neuroinflammation system, as rTMS 
has shown anti-inflammatory effect by decreasing 
pro-inflammatory cytokines (IL-1β, IL-6, TNF-α) 
and increasing anti-inflammatory cytokines (IL-10, 
BDNF), thus interacting with the nociceptive system8. 
Control of the emotional aspects of pain is most likely 
achieved through modulation of the limbic system con-
nections (anterior cingulate and insular cortices)10.

The effects of rTMS on cortical excitability depend 
on the parameters selected in the rTMS protocols, as 
well as on coil geometry4. As a rule, low-frequency 
rTMS (≤ 1Hz) results in lowered cortical excitability 
at the site of stimulation, while high-frequency rTMS 
(≥ 5 Hz) results in increased cortical excitability2. The 
type of coil determines the area of stimulation – the 
initial large circular coils stimulated a relatively large 
area of the cortex; nowadays double coils with smaller 
diameters such as the figure-of-eight coil are preferred 
for therapeutic applications (NB: small diameter coils 
heat up more rapidly and require cooling systems)5. The 
pulse waveform (monophasic or biphasic) determines 
the nature of the cortical circuits that are activated. 
Biphasic stimulation is considered more powerful 
and is the standard pulse waveform used for applica-
tion of TMS delivered as repetitive trains of stimula-
tion (rTMS) because of lower energy requirements. 

The intensity of stimulation also impacts TMS effects 
because the depth of penetration of the TMS pulse 
into the brain is relatively low when using a standard 
figure-of-eight coil, the intensity of the induced cur-
rent falling sharply with the squared distance to the 
area of stimulation5. 

One of the clinical uses of rTMS is the control 
of chronic pain. There is a level A recommendation 
on the level of evidence regarding the analgesic effi-
cacy of high frequency repetitive transcranial magnetic 
stimulation (HF-rTMS) of the primary motor cortex/
M1 (precentral gyrus) contralateral to the neuropathic 
pain side. Also, there is a consensus to stimulate the 
left cortex in case of bilateral or diffuse pain9. The left 
dorsolateral prefrontal cortex (DLPFC), which is the 
conventional site for HF-rTMS in depression, has also 
been proposed as a target for pain relief, but conflicting 
result have been reported7.

Of note is that TMS can alter cortical excitabil-
ity during (online) and after (offline) the stimulation 
period9. In the case of repeated stimulation, analgesia 
could last for weeks beyond the stimulation [6]. Thus, 
the analgesic effect could be favored by longer session 
duration and serial treatment, resulting in a cumula-
tive impact on pain relief5. A randomized multicenter 
double-blind placebo-controlled study published in 
20207 showed that the effect on pain intensity after M1 
HF-rTMS was delayed, the benefit becoming notice-
able after 4 weeks (the eight rTMS session), another 
study mentioning increase of the degree of pain relief 
with stimulation duration greater than ten days8. The 
duration of pain relief varies among studies10.

Clinical effects of rTMS outlast the period of stim-
ulation likely due to long-term neuroplastic changes 
biologically akin to long-term depression (LTD) of 
synaptic transmission for low-frequency TMS and 
long-term potentiation (LTP) for high-frequency 
TMS5. The most direct evidence for this assumption 
comes from an in vitro model of rTMS using mouse 
organotypic entorhino-hippocampal slice cultures in 
which 10Hz stimulation was found to not only lead to a 
long-lasting increase in glutamatergic synaptic strength 
but also to increased GluA1 levels as well as enlarged 
dendritic spines10. The fact that rTMS can have last-
ing effects on cortical excitability through the induced 
synaptic plasticity mechanism mentioned may render 
it useful in the treatment of neurological and psychiat-
ric disorders in which cortical excitability underlies the 
pathology4.
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Apart from TMS-induced potentiation and inhi-
bition relying on NMDA receptors, there is mounting 
evidence that other processes such as neurotrophic, 
neuroinflammatory and neuroendocrine factors play a 
role in the after-effects10.

The nature of rTMS after-effects is influenced by 
many parameters such as the frequency, intensity, and 
duration of the stimulation. The duration of after-ef-
fects is thought to be dependent on the number of 
pulses given in a protocol10.

A systematic review from 202210 demonstrated 
a statistically significant analgesic impact with pain 
improvement according to the mean percent reduction 
in pain VAS score with a higher decrease of rTMS VAS 
compared to sham. Long-lasting analgesic effect was 
detected in three clinical trials for 2-4 weeks, in con-
trast to short term analgesic effect after stimulation in 
nine studies10.

Considering all of the above and being confronted 
with a patient with chronic pain refractory to conven-
tional therapies, we opted for treatment with rTMS 
with the aim of achieving pain relief and quality of life 
improvement. We used a modified version of the proto-
col approved for neuropathic pain: stimulation for two 
rounds of 5 sessions each with high frequency TMS 
(20Hz) stimulating the M1 cortex bilaterally with an 
intensity of 90% of the resting motor threshold, for 20 
trains (4 seconds on/84 seconds off, total duration of 27 
minutes) and a total dosage of 1600 pulses per session, 
using a double coil (MCF-P-B65).

The patient reported pain relief after the third ses-
sion, the intensity decreasing to 7/10 on the VAS. He 
also mentioned a change in the quality of pain – it 
became dull rather than sharp, with a more restricted 
area of radiated pain. Mostly due to this change in the 
character of pain (rather than in the intensity of it, 
which continued to vary), the patient’s quality of life 
improved. 
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