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The introduction of surgical techniques 
has provided an alternative form of treat-
ment for patients with severe and chronic 

migraine headache who do not respond to or 
cannot tolerate conventional treatments. Surgi-
cal management of migraine headache has been 
shown to be effective, as demonstrated through a 
number of studies published in the literature dur-
ing the past decade. These include a retrospective 
review,1 prospective pilot study,2 a comprehen-
sive prospective randomized controlled trial,3 a 
placebo-controlled prospective randomized trial 

in which patients had actual or sham surgery in 
their single or predominant trigger site,4 and 
a long-term outcome study.5 Multiple indepen-
dent authors have confirmed the efficacy of this 
surgery.6–8 These advances in surgical techniques 
in recent years have led to hope for some of the 
more than 30 million Americans who experience 
severe migraine headaches9,10 and whose medical 
treatment has been less effective or ineffective. 
In addition, surgical treatment has been shown 
to be cost effective, with decreased expenditure 
after surgical treatment compared with control 
patients.11

Surgical techniques involve decompression 
or ablation of irritated nerves at multiple distinct 
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Background: The authors compared the reduction of migraine headache  
frequency, days, severity, and duration after surgical decompression versus avul-
sion of the zygomaticotemporal branch of the trigeminal nerve for treatment 
of temporal migraine headache.
Methods: Twenty patients with bilateral temporal migraine headache were 
randomized to undergo avulsion of the zygomaticotemporal branch of the 
trigeminal nerve on one side and decompression via fasciotomy and removal 
of the zygomaticotemporal artery on the other side. Results were analyzed after 
a minimum of 12 months of follow-up.
Results: Nineteen patients completed the study. The patients experienced 
greater than 50 percent improvement in frequency, migraine days, severity, 
and duration in 34 of the 38 operative sites (89 percent). Complete elimina-
tion of symptoms was noted in 21 of the 38 operative sites (55 percent). In the 
decompression group, migraine frequency was reduced from 14.6 to 2.2 per 
month, migraine days from 14.1 to 2.3, severity from 7.0 to 2.9, duration from 
9.6 to 4.8 hours, and Migraine Headache Index score from 42 to 2.9. In the 
neurectomy group, frequency decreased from 14.2 to 1.9 per month, migraine 
days from 14.1 to 2.3, severity from 6.8 to 2.6, migraine duration from 10.1 
to 5.3 hours, and the Migraine Headache Index score from 41 to 2.5. There 
was no statistical significance in reduced migraine headache frequency, days, 
severity, and duration between the two groups.
Conclusions: Neurectomy and decompression of the zygomaticotemporal 
branch of the trigeminal nerve are both appropriate treatment for temporal 
migraine headache. If decompression fails to provide sufficient relief, neurec-
tomy is another option.  (Plast. Reconstr. Surg. 136: 159, 2015.)
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trigger sites. The four most common sites are 
frontal, temporal, nasal,and occipital. The trigger 
site of the migraine headache is defined as the 
area where the headache begins and corresponds 
to the anatomical zone of potential irritation of 
one of the trigeminal nerve branches or occipital 
nerves. These areas include (1) the frontal area 
(trigger zone 1), where the supraorbital and supra-
trochlear nerves and accompanying vessels pass 
through the supraorbital foramen or notch and 
corrugator supercilii, depressor supercilii, and 
procerus muscles; (2) the temporal area (trigger 
zone 2), where the zygomaticotemporal branch of 
trigeminal nerve and accompanying vessels pass 
through the temporalis muscle deep temporal fas-
cia; (3) the intranasal area (trigger zone 3), where 
enlarged turbinates with or without concha bul-
losa are in contact with the nasal septum or spur 
resulting in compression of the terminal branches 
of the trigeminal nerve; and (4) the occipital area 
(trigger zone 4), where the greater occipital nerve 
passes through the semispinalis muscle, trapezius 
fascia, and can be intertwined with the occipital 
artery. The authors advocate that compression of 
the peripheral nerve and irritation by surround-
ing structures initiate a cascade of events that 
leads to inflammation of the nerves and subse-
quently results in a migraine headache.

Deactivation of the temporal trigger site has 
traditionally involved avulsion of the zygomatico-
temporal branch of the trigeminal nerve. This is a 
sensory nerve that originates from the trigeminal 
nerve in the pterygopalatine fossa, travels through 
the inferior orbital fissure, and pierces the tempo-
ral bone, temporalis muscle, and fascia above the 
zygomatic arch to innervate the skin of the temple. 
The temporal site is one of the two most common 
trigger sites found in migraine patients2–5 and is 
a significant source of morbidity in patients with 
severe migraine headache.

Nerve avulsion has been used for treatment 
of temporal migraine headache because the fore-
head rejuvenation patients who reported elimina-
tion of their migraine headaches were subjected 
to avulsion of this nerve, and the senior author 
(B.G.) did not want to alter the technique with-
out evidence demonstrating parity in the success 
rate between nerve avulsion and decompression. 
In addition, the senior author and other craniofa-
cial surgeons have been detaching this nerve for 
decades without report of any complications.

Although not reported after avulsion of the 
zygomaticotemporal branch of the trigeminal 
nerve site, nerve avulsion has been associated 
with the formation of neuromas.12 Nevertheless, 

avulsion of any nerve may leave the surgeon and 
the patient with a sense of unease and creates 
the perception of more invasive surgery. This 
study was designed to compare the reduction of 
migraine headache days, severity, and duration 
after decompression of the zygomaticotemporal 
branch of the trigeminal nerve by widening the 
fascial opening and removing the zygomatico-
temporal artery, and avulsion of the zygomatico-
temporal branch of the trigeminal nerve for the 
treatment of migraine headache.

PATIENTS AND METHODS
After institutional review board approval was 

obtained, 20 patients from the senior author’s 
practice, who were referred by their neurologist 
for surgical treatment of migraine headache, 
were recruited to participate in this study between 
January of 2011 and August of 2012. An analy-
sis performed by an independent biostatistician 
confirmed that 20 participants would provide 
sufficient power. The study was performed at a 
single-site university outpatient center in North-
east Ohio. The selected patients met the following 
inclusion criteria:

1. Documented diagnosis of migraine head-
ache using the International Classification of 
Headache Disorders II criteria13 by a board-
certified neurologist.

2.  Age greater than 18 years.
3. Bilateral migraine headache exclusively or 

predominantly initiating in the temporal 
area with a frequency of at least four moder-
ate to severe episodes per month, with the 
duration of these episodes lasting at least 4 to 
72 hours, and a pain severity rated as a five or 
greater on a scale from one to 10. Migraine 
headaches initiating in other locations were 
recorded separately from the temporal site 
and were not included in the data collection.

4. Participants who were willing and able to 
meet with the research team at all of the 
required study visits.

Patients who met these criteria but were preg-
nant or unable to provide consent were excluded 
from the study. None of the patients had previous 
surgery in the temple site. Botulinum toxin A was 
not used for detection of the trigger site on any of 
these patients. The 20 patients were selected at ran-
dom by an independent biostatistician to undergo 
neurectomy on one side and decompression on 
the opposite side in a 1:1 ratio. The randomized 



Copyright © 2015 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited. 

Volume 136, Number 1 • Deactivating Migraine Trigger Sites

161

surgical site selection was performed using the 
sealed envelope technique of randomization, with 
each opaque envelope having been prepared by 
the independent biostatistician. The trial was not 
registered with www.clinicaltrials.gov; however, all 
data management and patient safety were overseen 
by the university institutional review board.

Objective measures used to determine the 
equivalence in outcomes between the two proce-
dures were obtained before surgery from a detailed 
migraine headache form specific for the laterality 
of temporal headaches and included the frequency 
(total number of headaches per month), days with 
migraines (number of days that a migraine head-
ache was present), intensity (rated on a scale of 
one to 10), and duration (hours) of the temporal 
migraine headache specifically for each temporal 
side. The form simply recorded each variable that 
was analyzed statistically. The form did not reflect 
any failure or success and therefore did not need 
to be validated. Additional data obtained included 
the two-point discrimination and light touch test 
to both temporal areas as well as completion of 
the Migraine Disability Assessment Score question-
naire.14–17 No changes were made to the patient’s 
migraine medication regimen during the periop-
erative or postoperative period.

Postoperative follow-up included visits on day 
1, day 30, and every 3 months thereafter for 1 
year. In addition, the detailed migraine form was 
completed every 3 months, and the Migraine Dis-
ability Assessment questionnaire was completed 
again 1 year postoperatively. Finally, the two-point 
discrimination and light touch test were repeated 
at 1 year. There was an understanding between 
the research team and the participants that the 
patients who underwent decompression would 
have the option to undergo the nerve avulsion after 
completion of 1year of follow-up if they remained 
more symptomatic on the decompression side. 
Final data outcomes were determined from the 
detailed migraine headache form and stratified 
into three categories based on the combined data 
points of frequency, migraine days, severity, and 
duration: complete resolution in all of the com-
bined data points, greater than 50 percent reduc-
tion in the all combined data points, and less than 
50 percent reduction in all combined data points. 
Clinical improvement was defined as greater than 
50 percent reduction in all combined data points.

Surgical Procedure
After informed consent was obtained, patients 

were scheduled for surgery. Preoperative prepa-
ration consisted of standard laboratory studies 

and preoperative markings. After administration 
of appropriate systemic and local anesthesia, and 
with the patient in the supine position, the face was 
sterilely prepared and draped. The temple area 
was injected with lidocaine containing 1:100,000 
epinephrine for nonhair-bearing areas, whereas 
1:200,000 epinephrine was used for hair-bearing 
regions. Two incisions measuring 1.5 cm were 
made on each side located approximately 7 cm and 
10 cm from the midline. The most lateral incision 
was made first with a no. 15 blade. A pair of baby 
Metzenbaum scissors was used to deepen the inci-
sion until the deep temporal fascia was exposed. 
Using a periosteal elevator, the dissection was con-
ducted medially, laterally, cephalad, and caudally 
to accommodate the Endoscopic Access Device 
(Applied Medical Technology, Cleveland, Ohio). 
The periosteal elevator was used to dissect under 
the second incision, located approximately 7 cm 
from the midline. The Endoscopic Access Device 
was then inserted into the created space. Under 
endoscopic visualization, dissection was contin-
ued to the lateral orbital rim.

The zygomaticotemporal branch of the tri-
geminal nerve was then exposed and isolated. On 
a preselected basis blinded to all but the biostatis-
tician and revealed to the primary surgeon at the 
time of surgery, the zygomaticotemporal branch 
of the trigeminal nerve was avulsed on one side, 
removing approximately 2.5 cm of the nerve, 
while on the other side, it was decompressed by 
widening the fascia opening and removing the 
zygomaticotemporal artery. A no. 12 blade was 
used for widening of the fascia. The vessels run-
ning with the nerve were isolated and cauterized 
using a bipolar cautery. The area was carefully 
explored for the presence of any additional nerve 
branches. The Endoscopic Access Device was then 
removed. The incisions were repaired using 5-0 
poliglecaprone 25 suture for the fascia repair and 
5-0 plain catgut for the skin repair. No drains were 
used. Surgical time for the bilateral procedures 
ranged from 45 to 60 minutes. The patient was 
permitted to return to routine activities after 1 
week and strenuous activities after 3 weeks.

Data Analysis
Patient data were collected by the study nurse 

coordinator without involvement of the surgical 
team in accordance with institutional review board 
guidelines. Data and patient safety were overseen 
by the university institutional review board com-
mittee. Five patients who lived a long distance from 
the research facility did not return to the clinic for 
their 1-year follow-up; however, they completed all 

http://www.clinicaltrials.gov;
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of the necessary forms and were evaluated either 
via Voice-over Internet Protocol or telephone. The 
collected data points were kept in an Excel spread-
sheet (Microsoft, Redmond, Wash.), and summa-
tive analysis was performed with IBM SPSS Statistics 
22.0 software (IBM, Armonk, N.Y.). Descriptive  
statistics and frequency distributions were com-
puted for all variables, including migraine headache  
frequency, migraine days, severity, duration, 
Migraine Disability Assessment Score, and two-point 
discrimination. Reduction of at least 50 percent in 
migraine headache frequency, migraine days, inten-
sity, and duration compared with baseline values 
was used as the criterion for clinical improvement. 
Data sets at the 12-month period compared with the 
baseline measures were analyzed with a t test, paired 
t test, and Wilcoxon rank sum test. An alpha of 0.05 
and one-tailed testing were used to assess signifi-
cance. The statistics were carried out independent 
of the research team, which remained blinded to the 
results until the analysis was completed. Summative 
data are reported in means for each operative pro-
cedure. For this study, successful surgery was consid-
ered a reduction of migraine headache frequency, 
duration, and intensity by 50 percent or greater 
when compared with baseline. The null hypothesis 
was no improvement in migraine headache after 
surgery. Power calculations were performed for a 
range of probabilities of successful surgery under 
the alternative hypothesis from 0.55 to 0.99 with 
20 participants. With a successful surgery rate of 80 
percent (0.80) of the participants, 20 patients in the 
study ensured a power of more than 90 percent.

RESULTS

Study Population
Nineteen of the 20 patients completed the 

study. The patients experienced greater than 50 
percent improvement in frequency, migraine days, 
severity, and duration in 34 of the 38 operative sites 
(89 percent). Twenty-one of the 38 operative sites 
(55 percent) had complete resolution of symp-
toms at 1 year. Four operative sites (10.5 percent) 
did not have at least 50 percent improvement in 
frequency, migraine days, severity, and duration. 
These were in three individuals: one patient had 
no significant improvement bilaterally, and two 
patients did not have clinical improvement at the 
decompression site alone (Table 1).

Baseline Characteristics
The mean age for the study group was 38.2 

years (range, 19 to 62 years); 18 patients were 

female, and one patient was male. All patients had 
bilateral temporal migraine headache that had 
equal severity (mean, 6.9), equal duration (mean, 
9.4 hours), equal migraine days (mean, 14.1), and 
matched frequency (mean, 16.2 per month on 
right and 14 per month on the left).

Overall Comparison of the Two Procedures at 
1-Year Follow-Up

There was no statistically significant difference 
in combined reduction of frequency, migraine 
days, severity, and duration (>50 percent improve-
ment) between the avulsion and decompression 
of the zygomaticotemporal branch of the trigemi-
nal nerve (p = 0.17) (Table 1). One-year follow-
up data for frequency, severity, and duration were 
also individually compared between the two pro-
cedures and demonstrated no statistical differ-
ence (Table 2).

Decompression Group 1-Year Outcomes
When the symptoms at the decompression 

site were analyzed, the patients recorded a mean 
number of 14.6 migraine headaches per month 
preoperatively at this site. This decreased to 2.2 
per month. The mean preoperative migraine days 
were 14.1 and decreased to 2.3 at 1 year. The mean 
preoperative severity score was 7.0 on a 10-point 
pain scale and decreased to 2.9 at 1 year. The pre-
operative mean duration of temporal migraine 
headache was 9.6 hours and decreased to 4.8 
hours at 1 year. The Migraine Headache Indexis 
the product of headache frequency, intensity, and 
duration, and had a mean score of 42 preopera-
tively and 2.9 at 1 year (Table 2).

Avulsion Group 1-Year Outcomes
The patients recorded 14.2 migraine head-

aches per month on the avulsion site preopera-
tively, which decreased to 1.9 per month. The 
mean number of preoperative migraine days 
was 14.1 and decreased to 2.3 at 1 year. The 

Table 1. Summary of Results*

Variable No.

Avulsion site total 19
Avulsion site <50% improvement 1
Avulsion site >50% improvement 18 (p = 0.17)
Avulsion site elimination 11
Decompression site total 19
Decompression site <50% improvement 3
Decompression site >50% improvement 16 (p = 0.15)
Decompression site elimination 10
*Improvement/elimination is the combined frequency, migraine 
days, severity, and duration at 1 year. The p value was obtained with 
a two-sample ttest and confirmed with Wilcoxon signed rank test.
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preoperative mean severity score was 6.8 on a 
10-point scale and decreased to 2.6. The preop-
erative mean duration of the temporal migraines 
was 10.1 hours and decreased to 5.3 hours at 1 
year. The Migraine Headache Index mean was 
41 preoperatively and decreased to 2.5 at 1 year 
(Table 2).

Sensation, Two-Point Discrimination, and 
Migraine Disability Assessment Score

All patients demonstrated typical sensation 
to light touch in all operative sites at 1-year fol-
low-up. Five of the 19 patients who lived a long 
distance from our center completed their final 
12-month postoperative interview via Voice-over 
Internet Protocol software or telephone and 
were not tested for two-point discrimination. The 
mean preoperative two-point discrimination for 
the decompression site patients was 1.6 cm and 
increased to 2.0 cm at 1-year for the patients who 
were examined. The mean preoperative two-point 
discrimination for the avulsion site patients was 
1.7 cm and increased to 2.1 cm at 1 year for the 
patients who were examined. In addition, the 
Migraine Disability Assessment Score was obtained 
preoperatively and at 1 year for all patients. The 
mean preoperative score was 108 and decreased 
to 39 at 1 year (Table 2).

Complications
There were no noted complications during 

the study period.

DISCUSSION
The data from this study indicate that there is 

no statistical difference in reduction of frequency, 
migraine days, severity, and duration between the 
avulsion and decompression of the zygomatico-
temporal branch of the trigeminal nerve in terms 
of pain relief and sensory changes. When each 
variable was analyzed and compared with the 

preoperative values, patients with temporal trig-
ger sites observed considerable improvement in 
their symptoms with surgical treatment. Twenty-
one operative sites (55 percent) had complete 
resolution of symptoms, whereas 34 total sites (89 
percent) had greater than 50 percent improve-
ment in severity, duration, migraine days, and 
total migraine frequency. We do note that of the 
four operative sites (10.5 percent) that did not 
show greater than 50 percent improvement, three 
had undergone zygomaticotemporal branch of 
the trigeminal nerve decompression. For those 
patients who did not have greater than 50 per-
cent improvement with decompression, avulsion 
neurectomy was offered. It is reasonable to sus-
pect that some patients with particularly severe 
disease may not have significant improvement if 
the nerve remains intact despite decompression. 
This may reflect additional compression sites, 
perhaps within the orbital wall, where the nerve 
passes through a bony foramen. In these patients, 
removal of the nerve completely through avulsion 
may offer a better solution for their symptoms.

Additional measures of success beyond the 
migraine days, regardless of the procedure, include 
improvement in intensity, Migraine Headache 
Index, and Migraine Disability Assessment Score. 
The Migraine Headache Index, which measures 
a combination of frequency, duration, and inten-
sity, had a notable decrease after a 1-year period. 
Furthermore, the Migraine Disability Assessment 
Score provides another verified and measurable 
data set to compare migraine headache severity 
and disability. The mean preoperative Migraine 
Disability Assessment Score was 108, represent-
ing severe disability from the zygomaticotemporal 
branch of the trigeminal nerve–related migraine 
headache. The mean 1-year Migraine Disability 
Assessment Score value decreased to 37.6, still 
representing a value within the severe disability 
range. However, because of the drop in score, it is 
likely that patients did have improvement in daily 

Table 2. One-Year Follow-Up Data

Variable
Avulsion  

Preoperatively
Avulsion  
at 1 Year

Decompression 
Preoperatively

Decompression  
at 1 Year p*

No. of sites 19 19 19 19 –
Frequency: MHs/4 weeks 14.2 ± 1.8† 1.9 ± 0.7 14.6 ± 1.8 2.2 ± 0.8 0.38
Migraine days 14.1 ± 1.8 2.3 ± 0.8 14.1 ± 1.8 2.3 ± 0.9 0.5
Severity (1–10) 6.8 ± 0.3 2.6 ± 0.8 7.0 ± 0.3 2.9 ± 0.8 0.37
Duration, hr 10.1 ± 1.4 5.3 ± 3.6 9.6 ± 1.4 4.8 ± 2.2 0.42
MHI 41 ± 9.6 2.5 ± 0.9 42 ± 9.5 2.9 ± 0.9 0.37
2-Point discrimination, mm 17 ± 1 21 ± 1 16 ± 1 20 ± 1 0.24
MHs, migraine headaches; MHI, Migraine Headache Index.
*p value was obtained with a two-sample t test comparing avulsion at 1 year and decompression at 1 year.
†Data are expressed as mean ± SE.
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function. Examination of the raw data showed that 
10 of the 19 participants had a score that reflected 
at least one category reduction in disability. Only 
one patient had a worsening categorical score 
from moderate to severe. This is the same patient 
who had no improvement bilaterally to the zygo-
maticotemporal branch of the trigeminal nerve 
sites regardless of surgical procedure. This patient 
did have some improvement in migraine days and 
frequency but had increased severity and duration 
of migraine headaches at 1 year.

Finally, there were no major complications 
to note throughout this study. One adverse 
effect that was checked carefully included 
numbness along with measurement of two-
point discrimination to the zygomaticotemporal 
branch of the trigeminal nerve sites. No patient 
reported numbness to the surgical sites during 
the 12-month examination. Five patients con-
ducted the 1-year postoperative visit via Voice-
over Internet Protocol or telephone and did not 
have two-point discrimination data obtained. 
The remaining 14 patients had a mean increase 
in two-point discrimination of 4 mm, regardless 
of whether they underwent decompression or 
neurectomy. Compared with sensitive sites such 
as the fingertips, where two-point discrimination 
is 2 mm, the temporal sites were nearly 10 times 
less sensitive preoperatively, and therefore any 
loss of sensory function is not considered sub-
stantial to the patients. Although the patient 
sample in this study is small, the statistical power 
was sufficient enough to rely on the findings.

The purpose of this study was not to inves-
tigate the overall outcome of migraine head-
aches from all possible trigger sites within the 
study population. The study was designed to 
compare the outcome of surgery in two match-
ing sites. However, all the patients noted other 
initiating anatomic sites of migraine headaches. 
Total migraine headache frequency and days, 
regardless of anatomic site, were recorded; how-
ever, an analysis of the severity and duration 
of headaches was limited only to those origi-
nating from the temporal site. The Migraine 
Headache Index was also obtained before sur-
gery and again 12 months postoperatively and 
reflects migraine headaches at all anatomic sites 
and not only those at the temporal site. The 
frequency of all migraine headaches decreased 
from a mean of 20.3 to 9.7 per 4-week period  
(p = 0.00001), and the overall migraine headache 
days decreased from a mean period of 20 days 
to 8.7 days (p = 0.00001). Finally, the Migraine 
Headache Index decreased from a mean score 

of 40.8 to 2.6 (p = 0.0002). The patients in this 
study with predominantly temporal site migraine 
headaches demonstrated statistically significant 
improvement in overall migraine headache fre-
quency, migraine days, and Migraine Headache 
Index, regardless of the procedure. Further 
analysis of the other migraine sites in this patient 
population was not the focus of this study and 
was not performed.

Limitations of the study include having two 
separate procedures performed on the same 
patients. The advantage of this study approach 
eliminates the variables associated with how differ-
ent patients may report or perceive pain and how 
they perceive the results after surgery. However, 
having a separate control group with sham surgery 
could strengthen the study. Ultimately, the study is 
an equivalence study between two procedures, and 
using the same patients for both procedures allows 
for an internal control between patients.

CONCLUSIONS
Both avulsion neurectomy and decompres-

sion of the zygomaticotemporal branch of the 
trigeminal nerve are equally effective methods 
for the treatment of temporal migraine head-
ache. Both procedures can be performed safely, 
with significant improvement in symptom burden 
without concern for great morbidity. Performing 
decompression as the first option leaves avulsion 
neurectomy as another option if decompression 
fails to provide the intended relief. It is our rec-
ommendation that whenever feasible, decompres-
sion should be attempted first. However, when 
the zygomaticotemporal branch of the trigeminal 
nerve has multiple branches without concomi-
tant vessels or tight fascia bands, or when decom-
pression technically becomes difficult, avulsion 
remains a logical alternative.
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Department of Plastic Surgery
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