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Chronic headaches represent a huge medical 
burden in the United States and worldwide. 
In the United States alone, it is estimated that 

there are approximately 36 million people experi-
encing chronic migraines resulting in estimated an-
nual costs of over $15 billion to the medical system.1,2 
Chronic headaches such as migraines were respon-
sible for over 100 million days of bedrest in 1999 and 
yearly expenditures per patient of over $11,000 in 
terms of both direct and indirect costs.3,4 More tell-
ing, in a study measuring health-related quality of life, 
Turner-Bowker et al5 were able to demonstrate that 
the health-related quality of life of migraineurs is sim-
ilar to that of patients with congestive heart failure, 
diabetes, and hypertension. Such results underscore 
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Background: The surgical treatment of occipital headaches focuses on the 
greater, lesser, and third occipital nerves. The lesser occipital nerve (LON) 
is usually transected with relatively limited available information regarding 
the compression topography thereof and how such knowledge may impact 
surgical treatment.
Methods: Eight fresh frozen cadavers were dissected focusing on the LON 
in relation to 3 clinically relevant compression zones. The x axis was a 
line drawn through the occipital protuberance (OP) and the y axis, the 
posterior midline (PM). In addition, a prospectively collected cohort of  
36 patients who underwent decompression of the LON is presented with 
their clinical results, including migraine headache index scores.
Results: The LON was found in compression zone 1, with a mean of 7.8 cm 
caudal to the OP and 6.3 cm lateral to the PM. The LON was found at 
the midpoint of compression zone 2, with an average of 5.5 cm caudal to 
the OP and 6.2 cm lateral to the PM. At compression zone 3, the medial-
most LON branch was located approximately 1 cm caudal to the OP and 
5.35 cm lateral to the PM, whereas the lateral-most branch was identified 
1 cm caudal to the OP and 6.5 cm lateral to the PM. Of the 36 decompres-
sion patients analyzed, only 5 (14%) required neurectomy as the remain-
der achieved statistically significant improvements in migraine headache 
index scores postoperatively.
Conclusion: The knowledge of LON anatomy can aid in nerve dissection 
and preservation, thereby leading to successful outcomes without requir-
ing neurectomy. (Plast Reconstr Surg Glob Open 2016;4:e639; doi: 10.1097/
GOX.0000000000000654; Published online 17 March 2016.)
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the impact, severity, and chronic nature of headaches 
such as migraines, despite their sometimes episodic 
characteristics. Pharmacologic therapy has tradition-
ally been the mainstay for the treatment of chronic 
headaches, and yet, the results with some of the more 
well-known agents are rather underwhelming.6–8

In a number of studies, the surgical treatment of 
chronic headaches has been demonstrated to be ef-
fective to treat severe headaches that are refractory 
to medical management and to nonsurgical thera-
peutic options, such as radiofrequency ablation, 
physical therapy, and acupuncture.9,10 First described 
by Guyuron et al9 and later expounded upon by oth-
ers, there are now 4 well-established zones where 
surgical intervention can be implemented: endona-
sal, frontal, temporal, and occipital.11–17 Subsequent 
work has clearly shown that neuroanatomic knowl-
edge of these regions can aid the headache surgeon 
in adequately decompressing the relevant nerves 
or in deciding when to perform a neurectomy and  
implantation.

Within the occipital region, the surgical targets 
are typically the greater occipital, lesser occipital 
(LON), and third occipital nerves. The first of these 
nerves is the largest and also happens to have the 
biggest area of sensory distribution within the pos-
terior scalp. Not surprisingly, a number of authors 
have defined the pathway that the greater occipital 
nerve takes through the posterior nuchal muscula-
ture until it is located in the subcutaneous tissues 
within the posterior scalp.18 However, there are 
times when a patient with occipital headaches has 
involvement of the other “minor” occipital nerves. 
Interestingly, most articles that discuss the surgi-
cal management of chronic, occipital headaches 
suggest that the LON and third occipital nerve are 
commonly resected as a first-line approach.19,20 The 
presumption with this approach is that the sensory 
distribution of these nerves is small enough to be 
clinically irrelevant after neurectomy and/or that 
the risks of neurectomy are the same as those of 
decompression/neuroplasty. However, a transect-
ed nerve must be implanted deeply within a large 
muscle and carries the risk of neuroma formation 
if extruded.21–23 In addition, after exposure and 
decompression/neurolysis, sometimes the nerve 
seems viable, hence allowing for a clinical judgment 
to be made regarding preservation of nerve integ-
rity whenever possible to minimize the risks noted 
above and also to maintain optimal sensation to 
the relevant head and neck region(s). Therefore, 
the purpose of this study was to further define the 
compression topography of the LON and correlate 
these findings with a clinical series of patients who 

underwent LON decompression/neuroplasty with 
or without surgical treatment of other nerves to elu-
cidate whether the knowledge of this anatomy and 
decompression would yield results comparable with 
LON neurectomy and implantation.

MATERIALS	AND	METHODS
A series of 8 fresh frozen cadaver head dissections 

were performed specifically looking for the LON. 
The neuroanatomy of the LON was measured in re-
lation to well-established occipital landmarks, such 
as the occipital protuberance (OP), the posterior 
midline (PM), and the nuchal line (NL), defined as 
the line connecting the external auditory meatus-
es. In addition, the nerve was carefully examined 
in relation to 3 potential compression zones noted 
by the senior author (Z.M.P.) in his prior clinical  
experience. The 3 zones of compression noted dur-
ing prior LON procedures were as follows: zone 1—
the emergence of the LON from behind/deep to 
the sternocleidomastoid muscle (SCM), zone 2—the 
ascent of the nerve cephalically along the posterior 
border of or posterior to the SCM, and zone 3—the 
crossing point of the LON at the NL. Fifteen LONs 
were identified in the 8 heads examined throughout 
the nerve course as noted above; 1 nerve on 1 side 
was not found on 1 specimen. Unfortunately, we did 
not have control over specimen preparation as they 
were kindly donated by the University Hospital of 
Lausanne (CHUV), and there was a small amount 
of variability in the craniocaudal level and obliquity 
of the cuts used. This small discrepancy or a simple 
avulsion during preparation could have accounted 
for the inability to find this nerve.

In addition, the senior author’s clinical experi-
ence with LON decompression/neuroplasty and 
neurectomy/implantation was also prospectively 
evaluated between 2011 and 2014. Forty patients  
(31 females, 9 males) who underwent  decompression/
neuroplasty of the LON ± surgical treatment of oth-
er relevant nerves were prospectively followed with 
regard to their headache symptoms. All patients had 
been previously seen and evaluated by a neurologist 
and had all failed pharmacologic management with 
at least several classes of medications and nonopera-
tive modalities (eg, acupuncture, physical therapy, 
paraspinal injections). Patients were deemed can-
didates for surgical intervention based on a history 
consistent with nerve compression causing their 
headaches, a positive physical examination consist-
ing, in part, of a positive Tinel’s sign over the rele-
vant, suspected nerve compression site, and at least a 
50% improvement in headache symptoms after focal 
injection of either Botulinum Toxin Type A (Botox, 
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Allergan Pharmaceuticals, Inc, Irvine, Calif.) or lo-
cal anesthetic consisting of a lidocaine and marcaine 
mixture.17,24 Once optimal relief of symptoms was 
delineated, the appropriate nerves were selected for 
either decompression/neuroplasty or possible neu-
rectomy/implantation.

Intraoperatively, the LON was accessed through an 
oblique incision parallel to the posterior border of the 
SCM about 4 cm in length; 3.5× loupe magnification 
and microneurosurgical techniques were used along 
with the needle-tip electrocautery through the sub-
cutaneous tissues and the bipolar cautery exclusively 
deep to that layer. The incision was lengthened as 
needed for adequate decompression, with the longest 
incision length being 5.5 cm. The LON was dissected 
from deep to the SCM proximally and cephalic to the 
NL distally, and all compressive connective tissue/fas-
cial bands, muscle insertions, and blood vessels were 
either cauterized or sharply divided. Each nerve treat-
ed during these procedures was released until it was 
ensconced in soft, subcutaneous tissues distally.

Scores of the frequency, severity, and duration 
of symptoms were collated to calculate a migraine 
headache index (MHI) value, a well-established 
metric used in similar studies.25 The preoperative 
MHI scores were compared with postoperative MHI 
scores using a paired t test analysis, with P < 0.05 con-
sidered significant.

RESULTS
Fifteen LONs were identified in the 8 cadaver 

heads dissected. Overall measurements along with a 
graphical representation of their anatomic locations 

are summarized in Figure 1. With regard to compres-
sion zone 1 (ie, emergence of the LON from deep 
to or behind the SCM), the LON was found an aver-
age of 7.8 cm caudal to the OP (range, 4.4–12 cm; 
SD ±1.84) and 6.3 cm lateral to the PM (range, 
2.5–8.5 cm; SD ±1.37). Figure 2 demonstrates the 
cadaveric and in vivo representations of this poten-
tial compression zone. Because compression zone  
2 (the cephalic ascent of the LON along or posterior 
to the SCM) can be several centimeters in length, 
the midpoint was measured in each of our cadav-
ers. The location of the LON at the midpoint of this 
zone was measured on average to be 5.5 cm caudal 
to the OP (range, 3–7.5 cm; SD ±1.38) and 6.2 cm 
lateral to the PM (range, 4–8 cm; SD ±1.10). Figure 3 
demonstrates the cadaveric and in vivo represen-
tations of this potential compression zone. All the 
identified LONs had branched in our cadaver speci-
mens caudal to the NL (compression zone 3), with 
the first branch point occurring an average of 3.8 cm 
caudal to the OP and 5.9 cm lateral to the PM. At the 
NL itself, the medial-most and lateral-most branches 
were measured with regard to the abovementioned 
landmarks. The medial-most branch was located ap-
proximately 1 cm caudal to the OP and 5.35 cm later-
al to the PM (range, 3–9 cm; SD ±1.10), whereas the 
lateral-most branch was identified 1 cm caudal to the 
OP and 6.5 cm lateral to the PM (range, 4–9.5 cm; 
SD ±1.40). Figure 4 demonstrates the cadaveric and 
in vivo representations of this potential compression 
zone. As noted by others, we found a consistent fas-
cial band at the NL in each of our cadaver specimens 
and in all 40 of our patients.

Fig. 1. a summary of the anatomic measurements of the lOn from the cadaver portion of 
our study. also included for reference are the general positions of the greater occipital nerve, 
the third occipital nerve, the trapezius muscle, and the ScM. all numbers represent measure-
ments in centimeters.
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Forty patients underwent surgical decompres-
sion/neuroplasty of the LON between 2011 and 
2014. Eighteen patients had the LON addressed uni-

laterally, whereas 22 patients had the LONs treated 
bilaterally. Two patients were lost to follow-up and  
2 patients were excluded as they were not at least  

Fig. 3. a, a potential compression point within zone 2 as the lOn ascends cranially toward the nuchal line in a cadaver 
specimen. note the abnormal muscle insertion of the posterior ScM border (arrow) that would compress the lOn as the 
neck is turned from side to side. B, compression of the lOn, which is barely visible under thick fascia (thin line) within. 
Zone 2, the posterior ScM border (arrow) is clearly seen. c, the same patient as (B), but now the lOn (thin line) has been 
decompressed. the nerve is now clearly visible and note that unlike the patient in Figure 2, the lOn has not yet branched. 
the posterior ScM border (arrow) is clearly seen retracted with the Senn, and the splenius muscle is seen deep to the nerve.

Fig. 2. a, the emergence of the lOn in zone 1 from behind the ScM (arrow) in a cadaver speci-
men. the cadaver is lying prone with the auricular skin visible just to the right of the gloved 
hand. the ScM has been retracted laterally in the forceps revealing a small fascial tunnel 
through which the nerve emerges. B, the emergence of the lOn from behind the ScM (arrow) 
in a patient. note that the lOn has already branched well below the nuchal line (thin black 
lines). c, a view from the head of the bed with the patient prone and looking caudally, thus 
demonstrating the emergence of the lOn from behind the ScM (arrow) in the same patient 
as (B). the forceps point to a fascial band compressing and separating the 2 lOn branches. 
D, identical image to (c) in the same patient, but the compressive band/septum has been 
released. note the increased amount of space surrounding the lOn branches and the more 
visible presence of the vasa nervorum indicating increased blood flow to the released nerves.
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12 months following their procedure. Of the remain-
ing 36 patients, there were 28 females and 8 males in 
this cohort, corresponding closely to the expected 
3:1 incidence of chronic migraines in females versus 
males.26 Average follow-up was 27.6 months. Aver-
age age at the time of the procedure was 41.3 years. 
Of note, 32 of these 36 patients underwent surgical 
treatment of one or more other nerves at the same 
time as the LON per the criteria noted above. Only 
4 patients underwent surgical decompression and 
neuroplasty of the LON alone.

A successful postoperative outcome was defined 
as a 50% or greater reduction in the frequency, se-
verity, and/or duration of headache symptoms at 
least 12 months postoperatively. The mean preoper-
ative MHI was 145 and the mean postoperative MHI 
was 32 for a statistically significant improvement in 
overall symptomatology (P < 0.0001). Five patients 
did not obtain at least a 50% or more reduction in 
the parameters noted above, 4 of whom subsequent-
ly underwent resection of the involved LONs and 1 
of whom is awaiting this procedure and is counted 
an unsuccessful outcome for the purposes of this 
study. Two of these neurectomy patients subsequent-
ly reported a greater than 50% reduction in overall 
symptomatology, whereas the other 2 reported no 
change from their preoperative values. All patients 
reported preserved LON sensation after decompres-
sion/neuroplasty, and no postoperative complica-
tions were reported.

DISCUSSION
Over the past several years, a number of stud-

ies have reported successful outcomes with surgi-
cal decompression or resection of specific occipital 
or trigeminal nerve branches in treating refractory 
headaches.9,10,14,19,27–33 However, in the clinical ar-
ticles discussing the LON, it has been primarily re-

sected. Therefore, the aim of the current study was 
to demonstrate its anatomy in relation to previously 
established landmarks and to clinically relevant com-
pression zones. Moreover, we sought to demonstrate 
that the knowledge of such anatomy can translate to 
successful clinical outcomes with LON preservation.

Lee et al32 recently published a study detailing 
several compression points for the LON although 
the compression sites noted were slightly different 
from the senior author’s experience with this nerve. 
In that article, the authors delineated the anatomy of 
the LON noting the presence of an artery and its re-
lation to the nerve, which was found in 50% of cases 
and a consistent fascial band at the NL. Although the 
anatomy of the LON has been previously described, 
we still find this procedure to be quite challenging. 
The senior author’s clinical experience with decom-
pression/neuroplasty of the LON suggests that there 
are additional potential compression zones. There-
fore, we decided to perform an anatomic study con-
centrating on all potential compression points along 
the course of the LON in the occipital area. More-
over, we included a prospectively collected series of 
actual patient data on LON procedures to assess for 
similarities and outcomes.

The results in our cadaver specimens and in our 
patient cohort show that there seem to be 3 poten-
tial compression zones for the LON. Based on our 
cadaver measurements, the anatomy of the LON can 
be quite variable with respect to its location within 
these 3 compression zones as has been suggested by 
others.34 That being said, compression zones 1 and 
2 in this study are similar to those reported in prior 
work.32 However, we also found that the branching 
pattern of LON is highly variable, something which 
has not been previously noted. We therefore believe 
that to avoid missing any LON branches intraopera-
tively, the nerve needs to be dissected from zone 1 
through zone 3 and measurements such as those de-

Fig. 4. a, Several potential compression points within zone 3 as the lOn crosses the nuchal line in a cadaver specimen. 
note the caudal lOn branch point (arrow) over the blue background and additional branch points in the medial branch 
more cephalically (thin lines). B, compression of the lOn at the nuchal line in a patient. note the lOn (arrow) as it ascends 
cephalically and is compressed by a crossing fascial band (thin line). the posterior ScM border is clearly seen just deep to 
the skin hooks. c, Same patient as (B), but now the lOn has been decompressed and is more clearly visible. note the area 
of hyperemia within the nerve (thin line) corresponding to the former site of compression.
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scribed here would facilitate this dissection. Unlike 
in the recent article by Lee et al,32 we did not find 
consistent vascular compression in this particular 
study although we do agree that there seems to be 
a constant fascial band present at the NL, which was 
seen in each of our cadavers and in all 40 of our pa-
tients. The LON was not found on 1 side of 1 cadav-
er head as noted. The most likely possibility for this 
finding is that during processing and preparation of 
the cadaver head, the LON was avulsed or removed 
based on the obliquity and level of transection.

Our patient cohort demonstrates that the knowl-
edge of LON anatomy in the lateral neck can assist 
with adequate decompression/neuroplasty of said 
nerve and leads to successful clinical results with 
preservation of sensation. We report an 86% success 
rate with nerve preservation as only 5 of 36 patients 
(14%) did not achieve at least a 50% reduction in 
their headache symptoms. These results are compa-
rable with those published with other nerve decom-
pression procedures for chronic headaches.9,35 Of 
the 5 patients who did not respond to decompres-
sion, 1 is awaiting evaluation for neurectomy and im-
plantation. All the remaining 4 patients ultimately 
underwent LON resection and muscle implanta-
tion in a second procedure and 2 of these eventu-
ally achieved greater than 50% reduction in their 
symptoms. In 1 of these responders, an additional 
LON branch was identified in the second procedure 
and could be considered to have had an incomplete 
release during the first procedure. In the other 3, 
a moderately inflamed and scarred LON was identi-
fied, dissected back to healthy nerve, and transected. 
It is unclear as to why 1 of these 3 patients eventually 
achieved a greater than 50% improvement in symp-
toms, whereas the other 2 did not, but one possibility 
is an inadequate proximal dissection leaving behind 
an inflamed proximal nerve end that is implanted in 
the local muscle. It is therefore possible to consider 
an even more proximal resection if additional nerve 
blocks are successful.

There are several limitations to this study. One 
is that the senior author and primary surgeon ob-
tained both the preoperative and the postoperative 
data, which could have affected the patients’ re-
sponses. A second limitation is the clinical sample 
size of 36 patients and 8 cadaver heads, which could 
both be larger. A third limitation and one final point 
to emphasize would be that the results presented 
herein are not to be interpreted as suggesting that 
neuroplasty/decompression is necessarily superior 
to neurectomy and implantation with respect to the 
LON as these 2 approaches were not directly com-
pared against one another in a prospective fashion. 
Although the former approach certainly seems effec-

tive, it should be emphasized that only part of the 
improvement in 32 of the 36 patients can be attrib-
uted to the LON as other nerves were addressed at 
the same time. Indeed, isolated lesser occipital neu-
ralgia is quite rare, and only 4 patients among the 
initial clinical cohort had their LONs treated alone. 
As noted previously, 1 of these patients was among 
the 2 lost to follow-up, and while she had reported 
complete relief at her last visit, she was shy for several 
months of a year after her operation and therefore 
was unable to be included in the data set. Two of 
these isolated LON patients were completely head-
ache-free after decompression/neuroplasty and 1 
ultimately required neurectomy before achieving a 
successful outcome. These results suggest that treat-
ment of the LON with either method can have a clin-
ically relevant impact on patient symptoms; however, 
with only 4 patients, meaningful statistical compari-
sons are not possible.

CONCLUSION
This study follows the LON through the occipital 

region/lateral neck and describes several compres-
sion zones with clinically relevant examples. We be-
lieve that LON compression is a clinically relevant 
component of the symptom complex in many pa-
tients experiencing occipital headaches and that the 
knowledge of LON neuroanatomy can improve diag-
nostic accuracy and clinical outcomes after surgery 
with nerve preservation.

Ziv M. Peled, MD
Peled Plastic Surgery

525 Spruce Street, Suite 2
San Francisco, CA 94118

E-mail: zpeled@peledps.com
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