
Background: Headache is one of the most common debilitating chronic pain conditions in patients with 
mild traumatic brain injury. Conventional pharmacological treatments have not been shown to be effective in 
alleviating debilitating mild traumatic brain injury related headaches (MTBI-HA). Therefore, the development 
of an innovative non-invasive therapy in managing MTBI-HA is needed in the field of pain management. 
Repetitive transcranial magnetic stimulation (rTMS) utilizes a basic electromagnetic coupling principle in which 
a rapid discharge of electrical current is converted into dynamic magnetic flux, allowing the induction of 
a localized current in the brain for neuromodulation. The treatment is currently FDA approved for treating 
depression in the United States. Recent meta-analysis studies have implicated its usage in chronic pain 
management.

Objective: The objective of the prospective case series is to assess the potential application of rTMS in 
alleviating MTBI-HA.

Study Design: A prospective evaluation was conducted in patients with established diagnoses of MTBI-
HA and treated with neuronavigational guided rTMS.

Setting: The study was conducted at the Veteran Administration San Diego Healthcare System where over 
400 patients with MTBI were being evaluated annually by the Rehabilitation Medicine Service. A fraction 
of this patient population was referred and evaluated in the Anesthesia Pain Clinic for the consideration of 
rTMS for their headaches.

Methods: A prospective case series was conducted with human subject protection committee approval. 
Patients with established diagnoses of MTBI and constant headaches rated at ≥ 4 on a 0 – 10 Numerical 
Rating Pain Scale (NRPS), and on stable headache medication regimens were selected to receive the 
treatment. Four sessions of rTMS were delivered to specific areas of cortices over a 2-month period. Patients’ 
average intensities of lingering constant headaches (defined as duration of headache lasting more than 48 
hours), and the average frequency (number of severe headache episodes per day), intensity (NRPS), and 
duration (hours) of headache exacerbations were assessed before and after the rTMS treatment protocol.

Results: Six men (average age of 50) with MTBI-HA received the rTMS treatment protocol. Average pre and 
post-rTMS constant headache scores (± SD) on the NRPS were 5.50 (± 1.38) and 2.67 (± 1.75), respectively, 
with an average post-rTMS headache intensity reduction of 53.05% (± 19.90). The average headache 
exacerbation frequency (episodes per week) was reduced by 78.97% (± 19.88) with 2 patients reporting 
complete cessation of severe headache episodes. For those (N = 4) with persistent headache exacerbations, 
the average duration and intensity of these exacerbations were reduced by 50.0% and 31.7%, respectively. 

Limitations: This prospective evaluation provides the initial insight that rTMS may be beneficial in alleviating 
a debilitating chronic pain condition in patients with MTBI-HA. More controlled randomized studies should 
be conducted to validate its efficacy. Other co-existing cognitive and mood dysfunction should be assessed 
as well.

Conclusions: rTMS offers a non-invasive treatment option for MTBI-HA. The tested treatment protocol 
was well tolerated by the patients and can be adopted for future randomized controlled studies in further 
validating the treatment efficacy.
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neuromodulation
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(less than a minute) of loss of consciousness (LOC). He 
developed constant headache on the left side of his 
head behind the eye with a throbbing sensation, pho-
tophobia, phonophobia, tinnitus, visual disturbances, 
and nausea shortly after the injury. Relief from non-
steroidal anti-inflammatory drugs (NSAIDs) and as-
pirin was minimal. He rated the average intensity of 
his constant headache at 6/10 (NRPS) with an average 
frequency, duration, and intensity of exacerbation at 3 
episodes/week, 3 hours/episode, and 10/10 (NPRS), re-
spectively, before the treatment. He received the rTMS 
treatment protocol uneventfully. He reported the av-
erage intensity of constant headache was reduced to 
1/10 (NRPS) and the average frequency, duration, and 
intensity of headache exacerbations were changed to 
one episode per week, one hour per episode, and 2/10 
(NRPS), respectively, at the completion of the treatment 
protocol. He no longer required aspirin or other NSAIDS 
for his headache.

Case #2
A 52 year-old man with no prior history of headache 

suffered a fall while working on his truck with LOC for 
a few minutes. He developed a global headache with 
photophobia and phonophobia immediately after the 
fall. He also reported an occasional ringing sensation in 
his ears and difficulty with short-term memory and at-
tention. He subsequently suffered from several blast-re-
lated head injuries while in active military duty without 
confusion or LOC. His headache relief from prescribed 
Topiramate 100 mg BID and oral Sumatriptin was mini-
mal. His pre-rTMS headache intensity was 5/10 (NRPS), 
and the average frequency, duration, and intensity of 
headache exacerbations were 2 episodes per week, 4 
hours per episode, and 7/10 (NRPS), respectively. He un-
derwent the rTMS treatment protocol uneventfully. He 
reported the average constant headache intensity was 
decreased to 2/10 (NRPS), and the average frequency, 
duration, and intensity of headache exacerbations 
were one episode per week, 4 hours per episode, and 
7/10 (NRPS), respectively, after the treatments. He was 
subsequently lost follow-up due to other medical prob-
lems. His rTMS session was resumed 2 years later. With 
an ongoing monthly rTMS maintenance schedule, his 
average constant headache intensity has been around 
3/10 (NRPS), and the average frequency, duration, and 
intensity of headache exacerbations were one episode 
per week, 4 hours per episode, and 7/10 (NRPS), respec-
tively. He no longer takes Sumatriptin and requires only 
scheduled Topiramate for his headache.

Chronic post-traumatic injury headache (HA) 
is the most debilitating clinical symptom in 
patients with mild traumatic brain injury (MTBI) 

(1). Unfortunately, conventional pharmacological 
treatments have not been shown to be effective in 
alleviating headaches in this patient population. Drug 
regimens often contain many long-term untoward 
psychosomatic and abusive side effects (2). Therefore, 
a non-invasive means of neuromodulation may offer 
an excellent alternate therapeutic option for this 
debilitating chronic pain problem. Recently, the use 
of non-invasive brain stimulation such as repetitive 
transcranial magnetic stimulation (rTMS) has yielded 
favorable clinical outcomes in a few chronic central 
pain conditions including post-stroke central pain and 
headaches (3-4). Among the various locations of cortical 
stimulation, the motor and the prefrontal cortices, 
especially the left dorsal lateral prefrontal cortex 
(LDLPFC), appear to have the most profound analgesic 
benefit. The LDLPFC is also known to have a mood 
enhancing effect. This option of headache management 
has not been assessed in patients with MTBI related HA 
(MTBI-HA). Here we reported a prospective case series in 
which 6 patients with established diagnoses of chronic 
MTBI-HA responded favorably to this non-invasive 
treatment. Prior to each treatment session, a magnetic 
resonance image (MRI) of the brain was obtained and 
reviewed by a neuroradiologist to ensure no brain 
abnormality would exclude the patient from the rTMS 
treatment. The image obtained was then used for 
neuronagvigational guided (NNG) rTMS. Each patient’s 
average intensity of lingering constant headache 
(defined as duration of headache lasting more than 
48 hours) was assessed with a 0 – 10 numerical rating 
pain scale (NRPS). In addition, the average frequency 
(number of headache episode per day), intensity (NRPS), 
and duration (hours per each exacerbation episode) of 
headache exacerbation were assessed before (pre) and 
after (post) the rTMS treatment protocol. All patients 
were advised to maintain their HA analgesics during 
the course of the treatment but were allowed to adjust 
the medications after the treatment protocol was 
completed.

Case Series

Case #1
A 41 year-old man with no prior history of head-

ache suffered a concussion after a fall. He remembered 
hitting the bottom of the stairs prior to a brief period 
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Case #3
A 56 year-old man with a 4-year history of constant 

headache precipitated by a fall was referred for TMS 
evaluation by the Tramatic Brain Injury (TBI) clinic with 
the diagnosis of HA. The location of his headache has 
been global but concentrated in his right hemisphere ex-
tending from the forehead to the occipital region. On 
average the patient has been on a stable regimen of 
headache medications consisting of 4 tablets of hydro-
codone 10 mg/acetaminophen 650 mg (Vicodin) per day 
and 3 to 4 tablets of Tramadol 50 mg a day for at least 
one year prior to the rTMS treatments. Due to his prior 
drug problem and concern of addiction, he was reluc-
tant to increase his headache medication. He received 
2 occipital nerve blocks which relieved his occipital head-
aches but provided no relief for the frontal and temporal 
headaches. He rated his pre-rTMS constant headache in-
tensity at 8/10 (NRPS), and the average frequency, dura-
tion,  and intensity  of headache exacerbations at 14, 9, 
and 10/10, respectively. He rated his post-rTMS average 
constant headache intensity level at 6/10 (NRPS). The av-
erage frequency, duration, and intensity of headache ex-
acerbations were 2, 3, and 7/10, respectively. The patient 
subsequently received monthly maintenance treatment 
and continued to have adequate headache relief with 
only occasional use of Vicodin. 

Case #4
A 60 year-old man presented with a 7-year history of 

headache and neck pain after suffering a concussion in a 
motor vehicle accident (MVA) with no loss of conscious-
ness. His headache was primary felt in the left occipital 
region with frequent radiation to the neck and back. 
He was diagnosed with HA and treated with Bupropion, 
Naproxen, Zolpidem, and Ultram with no significant re-
lief in headaches or improvement in his mood. His neck 
pain improved after several trigger point injections. Pre-
rTMS headache assessments indicated that he suffered 
from a constant headache at an average intensity of 
5/10, and the average frequency, duration, and intensity 
of headache exacerbations were 3 episodes per week, 3 
hours per episode, and 6/10 (NRPS), respectively. Subse-
quent to the rTMS treatment protocol, he reported an 
average constant headache of 2/10 (NRPS) without any 
exacerbation. His headache was subsequently well con-
trolled with maintenance rTMS every 6 weeks with only 
occasional use of Naproxen for his arthritic pain.

Case #5
A 54 year-old man with no prior history of head-

ache developed a 7-year history of headache after 
bluntly hitting his head in a fall. He suffered a brief 
period of LOC during the falling incidence and devel-
oped a persistent headache in the occipital and frontal 
regions with photophobia, phonophobia, dizziness, 
nausea, and tremors afterwards. Past failed treatments 
for his headache included Amitriptyline, Tramadol, Di-
clofenac, and Naproxen. Prior to the rTMS, he reported 
an average constant headache intensity of 5/10 (NRPS), 
with an average frequency, duration, and intensity of 
headache exacerbations at 5½ episodes per week, 4 
hours/episode, and 6/10 (NRPS), respectively. The pa-
tient received the rTMS treatment protocol unevent-
fully. Subsequent to the treatment protocol, the pa-
tient reported a change of average constant headache 
level to 3/10 (NRPS), and no longer experienced any 
headache exacerbations. He subsequently was placed 
on a monthly maintenance rTMS protocol with ade-
quate headache control. 

Case #6
A 38 year-old man with no prior history of head-

ache developed constant headache after a MVA in 
2008. He rated his average constant headache inten-
sity at 4/10 (NRPS), and an average frequency, dura-
tion, and intensity of headache exacerbations at 7 
episodes per week, 4 hours per episode, and 8/10 
(NRPS), respectively. His headache was accompanied 
with gait balance problem, photophobia, phonopho-
bia, and extreme irritability during the exacerbations. 
Regular BOTOX injections helped his neck myofascial 
pain but not his headache. Previous failed therapies 
for headaches included Topiramate, Tramadol, Zolmi-
triptan, and Sumatriptan. The patient completed the 
rTMS treatment protocol uneventfully. He reported a 
post-treatment average constant headache intensity of 
2/10 (NRPS), and his average frequency, duration, and 
intensity of headache exacerbations were 2 episodes 
per week, 2 hours per episode, and 4/10 (NRPS), respec-
tively. the patient continued to receive monthly rTMS 
maintenance treatment and reported a cessation of his 
constant headache. In addition, the average frequency, 
duration, and intensity of his headache exacerbations 
were reduced to 2 episodes/week, 2 hours/episode, and 
8/10 (NRPS), respectively. He used Sumatriptan occa-
sionally to control the exacerbations.

rTMS Treatment 
To be consistent with each patient, a standard-

ized treatment protocol was adopted. Prior to rTMS 
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treatment, the motor threshold was determined using 
electromyography (5). The location for the established 
motor threshold was marked on the stereotaxic NNG 
software and used as the treatment location for mo-
tor cortex stimulation (see Fig. 1). To consistently stimu-
late the LDLPFC across the patients, we have adopted 
a standardized algorithm in localizing the treatment 
target based on functionally established coordinates 
for the LDLPFC. Active-rTMS consists of 20 trains with 
each train containing 100 pulses delivered at 10 Hz 
and 80% of the motor threshold via the figure eight 
(Magpro B65) coil over the area as determined above. 
For a single location treatment, a total of 2000 pulses 
per session were delivered. For sequential dual loca-
tion treatment, 1500 pulses were delivered per site. All 
patients received the first treatment at the LMC, the 
second treatment at the LDLPFC, and the third and 
fourth treatments sequentially at the LDLPFC and LMC. 
Each treatment setting was within the treatment safety 
guidelines recommended by the FDA (6). 

Result 

Six men (average age of 50) with MTBI-HA received 
the rTMS treatment protocol. Pre-treatment brain MRI 
showed no gross abnormality in all 6 patients. Average 
pre and post-rTMS constant headache scores (± SD) on 
the NRPS were 5.50 (± 1.38) and 2.67 (± 1.75), respec-
tively, with an average post-rTMS headache intensity 
reduction of 53.05% (± 19.90). The average headache 
exacerbation frequency (episodes per week) was re-
duced by 78.97% (± 19.88) with 2 patients reporting 
complete cessation of severe headache episode. For 
those (N = 4) with persistent headache exacerbations, 
the average duration and intensity of these exacerba-
tions were reduced by 50.0% and 31.7%, respectively 
(see Table 2). In addition, 3 of the 6 patients were 
able to completely eliminate their headache abortive 
medications and the other 3 were able to reduce their 
medications at the completion of the initial treatment 
series (see Table 1).

Fig. 1. Repetitive transcranial magnetic stimulation (rTMS) with stereotaxic neuronavigation guidance. 
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Discussion

While the prevalence of HA in the general TBI 
population is estimated to be around 57.8% (7), the in-
cidence of persistent HA in veterans with MTBI is even 
higher (over 70%) than the general population. This 
high prevalence of chronic HA and neuropsychological 
dysfunction casts a profound negative impact on TBI 
patients’ quality of life and becomes a major obstacle in 
their effort to resume normal activities after the head 
injury. Unfortunately, conventional medical therapies 
for HA rely heavily on psychotropic and opioid medica-
tions, and are deficient in both reducing MTBI-HA and 
improving associated neuropsychological dysfunction. 
A recent study showed that many individuals with mild 
TBI may be self-treating their headaches by utilizing 
over-the-counter pain relief medications for abortive 
therapy. These medications, however, are only provid-
ing effective treatment for a minority of this patient 
population and have potential systemic side effects 
(8). Prescribed medications such as anticonvulsants, tri-
cyclics, and narcotics also have many side effects and 
abusive risks and do not serve as effective preventive 
treatment for MTBI-HA (2). This lack of treatment ef-
ficacy from existing pharmacological interventions 
calls for the development of a different prevention 
and treatment strategy for managing MTBI-HA and 
associated functional impairment. In assessing the un-
derlying pathophysiology of MTBI related morbidities, 
recent studies with diffusion tensor imaging suggest 
that MTBI patients suffer from diffuse axonal injury 
in the major cortical white matter tracts including the 

corpus callosum, anterior corona radiata, corticospinal 
tract, and internal capsules, which are crucial for intra-
cortical connectivity. These abnormalities can lead to a 
dissociative state between the affective (hyperactive) 
and modulatory (hypoactive) aspects of the pain net-
work (9). Thus, therapies that enhance the supraspinal 
modulatory functions can potentially correct this dis-
sociative state, and improve MTBI-HA and associated 
neuropsychological dysfunction. 

rTMS uses electromagnetic principles to produce 
a small electrical current in the cortex without the 
requirement of anesthesia (10). Currently devices de-
veloped from similar electromagnetic principles are 
approved for treating depression and migraine head-
aches in the United States (11,12). While both dorso-
lateral prefrontal cortex (DLPFC) and motor cortex 
(MC) high frequency (> 1 Hz) rTMS can result in an 
analgesic benefit, their relative mechanisms appear to 
be different. With stimulation at the motor cortex, a 
strong focal activation was observed in the thalamus, 
insula, cingulate-orbitofrontal junction, and periaq-
ueduct grey (PAG) area in the brainstem, suggesting 
a top-down activation of the descending pain control 
system mediated via a motor-thalamus and/or motor-
brainstem functional linkage (13). On the other hand, 
rTMS at the DLPF exerts a top-down inhibitory effect 
along the ascending midbrain-thalamic-cingulate path-
way through the descending fibers from the prefron-
tal cortex (14,15). One recent important finding is that 
left DLPFC stimulation can potentiate the excitability of 
motor cortices (16). In addition substantial evidence in-
dicates high frequency rTMS at the LDLPFC is known to 

Table 1. Pre and post-rTMS   difference in the average constant headache  intensity (NPRS),  and headache exacerbation intensity 
(NPRS), frequency (number of  episode per week) and duration (number of  hours per episode.

 rTMS: Repetitive Transcranial Magnetic Stimulation; NPRS: Numerical Rating of Pain Scale; MVA: Motor Vehicle Accident; CPTH: Chronic 
Post-traumatic Headache; **: P < 0.01; *: P  <0.05

Case Age Sex
History 

of CPTH
(Years)

Cause 

Pre-rTMS 
Average 
Inten-
sity of 

Constant 
Headache

Pre-rTMS  Headache 
Exacerbation

Post-rTMS 
Average 

Intensity of 
Constant 
Headache

Post-rTMS  Headache 
Exacerbation

Intensity Frequency Duration Intensity Frequency Duration

#1 41 M 3 Fall 6.0 10.0 3.0 3.0 1.0 2.0 1.0 1.0

#2 52 M 4 Fall 5.0 7.0 2.0 4.0 2.0 7.0 1.0 4.0

#3 56 M 1.5 Fall 8.0 10.0 14.0 9.0 6.0 7.0 2.0 3.0

#4 60 M 7 MVA 5.0 6.0 3.0 3.0 2.0 0 0 0

#5 54 M 7 Fall 5.0 6.0 5.5 4.0 3.0 0 0 0

#6 38 M 4 MVA 4.0 8.0 7.0 4.0 2.0 4.0 2.0 2.0

Average
(±SD)

50.2
(±4.4) 4.4 (±2.2) 5.5 (±1.4) 7.8 

(±1.8) 5.8 (±4.4) 4.5 
(±2.3) 2.6 (±1.8)** 3.3 

(±3.2)* 1.0 (±0.9)* 1.7 
(±1.6)*
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enhance attentional cognitive function with associated 
antidepressant benefit. Increasing evidence from ran-
domized studies with sham control demonstrated the 
efficacy of rTMS in providing pain relief for a variety of 
neuropathic pain conditions (5,17-20). A recent meta-
analysis study further suggests the neuroanatomical or-
igin of neuropathic pain may impact the rTMS-induced 
analgesic effect at the motor cortex with centrally origi-
nated pain being more responsive to treatment, sug-
gesting a differential top-down treatment effect and 
the potential application of rTMS in treating centrally 
originated MTBI-HA and neuropsychological dysfunc-
tion (3). While a preliminary study indicates rTMS at the 
DLPFC may help reduce post-concussive symptoms, the 
long-term effect of the treatment at both locations for 
headache relief has yet to be assessed (21). Therefore, 
the current case series demonstrates it is feasible and 
potentially beneficial to sequentially treat both LMC 
and LDLPFC in patients with MTBI-HA. The observation 

from the current case series provides the initial evi-
dence of this therapeutic approach as rTMS effectively 
reduces the intensity of the constant MTBI-HA by more 
than 50% and the treatment is effective in reducing the 
frequency, duration, and intensity of headache exacer-
bations. In addition, all patients tolerated the treat-
ment protocol well without any significant side effects.

While the current case series provides the initial 
clinical evidence suggesting rTMS at the both LMC and 
LDLPFC can safely modulate MTBI-HA with reduction in 
overall intensity, frequency, and duration, controlled 
randomized studies are required to further validate this 
treatment modality and relative location effects.

Acknowledgment
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Table 2. Pre and post-rTMS usage of  headache related preventive and abortive medications. 

NSAIDS: Non-steroidal anti-inflammatory; rTMS: Repetitive Transcranial Magnetic Stimulation

Case 
Series

Pre-rTMS Headache Medications Post-rTMS Headache Medications

Preventive Abortive Preventive Abortive

#1 None NSAIDS None None

#2 Topiramate 100mg, 2 
tablets per day

Sumatriptan 50 mg , averaged  2 
tablets per day Topiramate 100mg BID None

#3 Tramadol 50 mg, 4 
tablets per day

Hydrocodone 10mg/Acetaminophen 
650 mg, averaged 4 tablets per day None

Hydrocodone 10mg/Acetaminophen 
650 mg, averaged less than one tablets 

per day

#4 Tramadol  50 mg, 4 
tablets  per day

Naproxen 250mg,  averaged two to 3 
tablets per day None Naproxen 250mg, averaged less than 

one tablet per day

#5 Failed Tramadol and 
amitriptyline Failed Diclofenac and Naproxen None None

#6 Topiramate 50mg , 2 
tablets per day; 

Zolmitriptan 2.5 mg, averaged one 
tablet per day, Sumatriptan  50mg, 

averaged 3 tablets per day.
None Sumatriptan 50 mg, averaged less than 

one per day
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