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Abstract: Primary extradural meningiomas (PEMs) in head were rare tumors. Here we analyzed 231 cases of PEMs 
in head (including our 19 cases) reported in the literature during the CT era. We found that PEMs in head accounted 
for 0.8%-1.8% of all meningiomas. The constituent ratio of male PEMs in head increases markedly. PEMs in head 
have bimodal distribution of ages. The most common presenting symptom was a mass in the region of the lesion. 
The average duration of symptom was 2.38 years. The skull convexities, paranasal sinuse and nasal cavity, and mid-
dle ear ranked as the top three of all sites of tumors. The most common type was Type II (calvarial or diploic). Among 
231 cases, total, subtotal and partial removals of tumors were achieved in 89%, 5.5% and 3.1% respectively, and 
no death occurred perioperatively in all patients. 90% were benign, 5.6% atypical and 3.9% malignant in the 231 
cases. The most common histopathological subtype was meningothelial meningioma. The recurrence and tumor-
related death rates were 22.4% and 8.2% respectively during a mean 3.03-year follow-up. Our results demonstrate 
that PEMs in head have some marked clinical characteristics compared with primary intradural meningiomas. Total 
tumor removal together with a wide excision of all involved tissues followed by the reconstruction of tissue defects is 
the best surgical project. The prognoses are good in the benign cases after complete surgical resections.
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Introduction

Primary extradural meningiomas (PEMs) in vari-
ous locations of head had been reported since 
Johann Salzmann first reported a patient with 
PEM in 1730 [1]. They have been reported in 
the various terms including ectopic [2, 3], extra-
cranial [4], extraneuraxial [3, 5], extradural 
[5-7], scalp [8-10], cutaneous [11], calvarial 
[12-14], intraosseous [15-21] and intradiploic 
[22-24]. To reduce the confusion of nomencla-
ture, Lang, et al. proposed the term “primary 
extradural meningioma” in 2000 [6]. PEMs re- 
fer to the meningiomas arising outside the sub-
dural compartment as primary tumors, having 
no connection to with any subdural structures 
[5, 6, 25]. From the advent of CT in 1976 to the 
present, about 300 cases of PEMs have been 
reported in the English language literature [2-5, 
8-46], and PEMs in head are in a majority [5, 6, 
25]. Previous reports on PEMs in head were 
largely limited to individual cases or small 
series with a few reviews of literature [2-4, 

8-43]. To develop a better understanding of 
their clinical characteristics, treatment and 
prognosis, we present 19 cases of PEMs in he- 
ad treated surgically in our hospital and review 
212 cases of PEMs in head reported in the 
English language literature during the CT era 
[2-5, 8-46].

Materials and methods

Patient population 

Between May 1994 and Dec. 2012, 19 patients 
with PEMs in head were confirmed by surgery 
and pathology in our hospital, accounting for 
1.2% of 1582 meningiomas at the same pe- 
riod.

Inclusion criteria 

The primary meningiomas were located extra-
durally in head and subdural structures were 
not involved. The meningiomas were also 
included if they originated from the outer dural 
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Table 1. Clinical Characteristics of our 19 PEMs in head and 212 from 
literature review [2-5, 8-46]

Clinical Characteristics Literature review 
(n=212)

Our data 
(n=19)

Sex
    male 88 (41.5%) 11 (57.9%)
    female 124 (58.5%) 8 (42.1%)
Age (yrs)
    range (mean) 0.04-96 (45.6) 8-66 (36.6)
    distributiona

        ≤10 11 (7.5%) 2 (10.5%)
        11-20 17 (11.6%) 2 (10.5%)

        21-30 12 (8.2%) 2 (10.5%)
        31-40 14 (9.6%)) 1 (5.2%)
        41-50 25 (17.1%) 4 (21.1%)
        51-60 26 (17.8%) 4 (21.1%)
        61-70 27 (18.5%) 4 (21.1%)
        71-80 11 (7.5%) 0
        ≥81 3 (2.1%) 0
Symptoms or signsb

    mass 80 (39.6%) 4 (21.5%)
    impaired hearing 33 (16.3%)
    headache 22 (10.9%) 4 (21.5%)
    epistaxis 21 (10.4%)
    nasal obstruction 17 (8.4%) 5 (26.3%)
    exophthalmos 17 (8.4%) 4 (21.5%)
    swelling 15 (7.4%)
    local pain/thumb 12 (5.9%)
    impaired vision 11 (5.4%) 2 (10.5%)
    facial paralysis 9 (4.5%)
    ear discharge/otitis 7 (3.5%) 1 (5.3%)
    dizziness 5 (2.5%)
    papilledema 1 (0.5%) 2 (10.5%)
    seizures 1 (0.5%)
    vomiting 1 (0.5%)
    diplopia 0 (%) 3 (15.8%)
    others 5 (2.5%)
    asymptomatic 3 (1.5%)
Duration (yrs)
    range (mean) 0.003-40 (2.38) 0.08-14 (3.07)
Tumor locations
    paranasalsinuse or/and nasal cavity 52 (47.2%) 7 (36.8%) (Figure 1A)
    middle ear 34 (16.0%) 1 (5.3%) (Figure 1B)
    temporal bone 24 (11.3%)
    orbit 14 (6.6%) 4 (21.5%) (Figure 1C)
    frontal bone 13 (6.1%) 2 (10.5%) (Figure 1D)
    parietal bone 13 (6.1%) 1 (5.3%)
    scalp or subcutaneous region in head 10 (4.7%)
    sphenoid 9 (4.2%)

layer or if their growth 
was directed from out-
side to inside of the dura 
without invasion of sub-
dural structure even tho- 
ugh the full layers of 
dural mater were infil-
trated [3, 5, 6, 21, 25].

Case selection based on 
literature review 

We searched PubMed, 
Medline and Scholar Go- 
ogle for relevant articles 
published from 1976 to 
2012 using the keywor- 
ds: extradural meningio-
ma, ectopic me-ningio-
ma, extracranial menin- 
gioma, intraosseous me- 
ningioma, cutaneous me- 
ningioma, calvarial men- 
ingioma, diploic menin-
gioma and extraneuraxi-
al meningioma. This se- 
arch yielded 127 articl- 
es. We studied these ar- 
ticles and identified the 
cases using the ab-ove-
mentioned inclusion cri-
teria. 212 cases of PEMs 
in head in 89 articles 
were included in the po- 
oled data based upon 
adequate clinical infor- 
mation.

Tumor classification 
[25] 

Type I (epidural), loca-
tion of tumor between 
dura mater and inner 
calvarial table; Type II 
(calvarial or diploic), lo- 
cation between outer 
and inner calvarial table; 
Type III (extracranial), lo- 
cation outside outer cal-
varial table; Type IV (mix- 
ed), tumor extending fr- 
om dura to extracalvari-
al space.
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Statistical analysis

Statistical comparisons between groups were 
done by Fisher’s exact test. A probability value 
of 0.05 or less was considered significant.

Results

Demographic features

The male to female ratio is 1:0.73 in our group 
as compared to 1:1.4 in the literature review da- 
ta. The age at the diagnosis was between 8 
years and 66 years (mean 36.6 years) in our 
group, and from the new born to 96 years 
(mean 45.6 years) in the literature review data.

The distribution of ages is bimodal, with the 
first peak occurring during the second decade 
of life and the second peak during the fifth 
through the seventh decades (Table 1).

Presenting symptoms and duration

The clinical symptoms and signs of PEMs in 
head are listed in Table 1. The reviewed litera-
ture data show that the duration of symptoms 
before diagnosis is between 0.003 year (one 
day) and 40 years with an average of 2.38 

treatment was given in 2 cases. The surgical 
results of remaining 144 cases and our 19 
cases are indicated in Table 2. No death 
occurred perioperatively in all patients (Table 
2).

Pathological grade and subtypes

The pathological outcomes of our 19 cases and 
212 cases from literature review are listed in 
Table 2.

The pathological subtypes are available in 163 
of 231 cases, which were presented in Table 2.

Follow-up 

The follow-up was performed for 1 to 8.5 years 
(mean 2.5 years) in our 19 cases and the recur-
rence observed in one case with atypical 
meningioma one year after surgery. In reviewed 
literature data, the follow-up information was 
not available (N/A) in the other 61 cases, and 
the remaining 151 cases were followed up for 
one month to 31.5 years (mean 3.03 years). 
The recurrence and death occurred in 38 cases 
and 29 cases respectively during the follow-up. 
21.1% (8/38) of recurrences had malignant or 
atypical histology. The patients died with tumor 

    external auditory canal 7 (3.3%)
    frontoparietal bone 7 (3.3%)
    mandible 6 (2.8%)
    pharynx 4 (1.9%)
    epidural space 4 (1.9%) 4 (21.5%) (Figure 1E)
    occipital bone 2 (0.9%)
    bilateral frontoparietal bone 2 (0.9%)
    posterior fossa 2 (0.9%)

    geniculate ganglion 2 (0.9%)
    frontal bone & sphenoid (multiple) 1 (0.5%)
    zygomayic 1 (0.5%)
    tonsil 1 (0.5%)
    parotid 1 (0.5%)
    carotid canal 1 (0.5%)
    sublingual region 1 (0.5%)
    soft palate 1 (0.5%)
Tumor types [25]
    I 7 (3.3%) 4 (21.1%)
    II 128 (60.4%) 13 (68.4%)
    III 62 (29.2%) 2 (10.5%)
    IV 15 (7.1%) 0
a30 cases and 36 cases by Thompson et al (2000, 2003) wereboth excluded because the 
each individual age or number of cases in eachage stage was no available(N/A), bN/A in 
ten cases.

years (Table 1). The 
duration is from 0.08 
year (one month) to 14 
years in our group.

Tumor locations and 
types

Locations of PEMs in 
head are shown in Table 
1. According to the mod-
ified classification by Ba- 
ssiouni et al [25], it is 
found that 3.3% of PEMs 
in head are Type I, 60.4% 
Type II, 29.2% Type III 
and 7.1% Type IV in the 
reviewed literature data 
(Table 1). However, Type 
IV is absent possibly be- 
cause of small sample in 
our group (Table 1).

Surgical results

The extent of tumor re- 
moval was described in 
general as total or subto-
tal in 66 cases and no 
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recurrence in 14 cases and other unrelated-
tumor causes in 15 cases. 4 cases were malig-
nant in 14 cases dying with tumor recurrence.

The relationships between tumor sites and 
recurrence and death in 170 cases (including 
our 19 cases) are shown in Table 3.

The detailed data on sites of tumor, removal 
extent of tumor, recurrence and death of each 
case are available in 103 of 170 cases. The 
relationships between tumor type and recur-
rence and death in 103 cases are presented in 
Table 4. On the basis of the data of 103 cases 
(including our 19 cases), it is found statistically 
that the recurrence rates are 9.7% (9/93), 
14.3% (1/7) and 66.7% (2/3) in total, subtotal 
and partial removal cases (P<0.05), and the 
death rates are 5.4% (5/93) and 28.6% (2/7) in 
total and subtotal removal cases (P<0.05), 
respectively. Recurrence rate of benign PEMs 
in head is 8.0% (7/87), whereas atypical and 

malignant as high as 11.1% (1/9) 
and 57.1% (4/7) respectively. Simi- 
larly, the death rate of atypical 
(11.1%, 1/9) or malignant (57.1%, 
4/7) PEMs in head is significantly 
higher than that of benign (2.3%, 
2/87) (P<0.05).

Discussion

PEMs represent 1% to 2% of all 
meningiomas [3, 5, 6, 38], while 
PEMs in head constitute 80% to 90% 
of all PEMs [5, 6]. It can be calculated 
that the percentage of PEMs in head 
as a proportion of all meningiomas is 
between 0.8% and 1.8%. The rates 
by Lang et al [6] and Bassiouni et al 
[25] were respectively 1.6% and 
1.3%.

The origin of PEMs is still unclear. 
Many different hypotheses were pro-
posed on the pathogenesis of PEMs 
in head, including: 1. Originating from 
the ectopic meningocytes or arach-
noid cap cells in the cranial, periph-
eral nerve sheaths and subcutane-
ous tissue [3, 6, 9]. Meningiomas in 
paranasal sinuses and orbit were 
suggested to come from arachnoid 
cells located along the cranial and 
peripheral nerve sheaths [45]. This 

Table 2. Results of our 19 cases of PEMs in head and 212 
cases from literature review [2-5, 8-46]

Results Literature review  
(n=212)

Our data  
(n=19)

Surgical results#
    Total removal 126 (87.5%) 19 (100%)
    Subtotal removal 9 (6.3%) 0
    Partial removal 5 (3.5%) 0
    Biopsy 4 (2.8%) 0
    N/A 66 0
No treatment 2 0
    Death 0 0
Pathological results 
    Grade
        Benign (I) 191 (90.1%) 18 (94.7%) (Figure 1F)
        Atypical (II) 12 (5.7%) 1 (5.3%) (Figure 1G)
        Malignant (III) 9 (4.2%) 0
    Subtypes*
        Meningothelial 82 (55.8%) 5 (31.3%)
        Transitional 18 (12.2%) 2 (12.5%)
        Psammomatous 14 (9.5%) 5 (31.3%)
        Fibrous 8 (5.4%) 3 (18.8%)
        Microcystic 1 (0.7%)
        Metaplastic 1 (0.7%)
        Regressive 1 (0.7%)
        Secretory 1 (0.7%)
        Atypical 12 (8.2%) 1 (6.3%)
        Malignant 9 (6.1%)
        N/A 65 3
#: N/A in 66 cases and none in 2, *: N/A in 68 cases.

theory is supported by the findings of clusters 
of arachnoid cap cells beyond the points of 
penetration of the dura by the 3rd, 7th and 9th to 
12th cranial nerves [6]. 2. Arising from the mis-
placed arachnoid cells in an extracranial loca-
tion during embryologic development [3, 6, 25, 
45]. Arachnoid cells, invaginating into the cra-
nial bone, have been assumed to be the ori- 
gin of intraosseous meningiomas, which can 
explain the most frequent occurrence of cal-
varial meningiomas [25]. 3. Stemming from the 
arachnoid cap cells trapped in the cranial 
suture during birth and molding of the head [3, 
5, 6, 47, 45]. Azar-Kia et al put forth this hypoth-
esis on calvarial meningiomas in 1974 [47]. 
However, it was found that only 8.3% of calvari-
al meningiomas were associated with a cranial 
suture [6]. The fact that congenital meningio-
mas reported in literature were all located in 
scalp or skin supports this viewpoint [4, 8]. 4. 
Coming from the dural and/or arachnoid cells 
entrapped in the sites of traumatic cranial frac-
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ture [3, 6, 45]. About 0.2%-4% of patients with 
PEMs in head had a history of head trauma [5, 
6]. 5. Developing from the multipotential mes-
enchymal cells, including fibroblasts and 
Schwann cells or a combination of these locat-
ed extradurally [3, 5, 6, 21, 29, 41]. This theory 
may explain the origin of PEMs in head far from 
cranial foramina, metaplastic meningiomas 
and PEMs in uncommon locations. 6. Rooting 
in the meningocytes of outer layer of dural 
mater [7, 14, 25]. Some epidural meningiomas 
have bases of outer dural layer, being consid-
ered as originating from the arachnoid cells in 
the underlying outer layer of dural mater [7, 25]. 
4.4%-7% of PEMs were situated in the intracra-
nial epidural space [7, 25].

Compared with primary intradural meningio-
mas (PIMs), clinical characteristics of PEMs in 
head included as follows: 1. The constituent 
ratio (CR) of male PEMs in head increases 
markedly. The ratio of male to female is 
1:0.73~1.4 in PEMs in head (Table 1), in com-
parison with 1:2 in PIMs [48]. 2. PEMs in head 
have two peaks in the age distribution. The first 
peak incidence appears during the second 
decade of life and the second during the fifth 
through the seventh decades. The patients 
younger than 15 years old account for 10% in 
this reviewed series. PIMs occur predominantly 
during fifth and sixth decades of life and only 
2.5% happen under 15 years old [48]. 3. A pain-
less, gradually expanding mass in the region of 
the tumor is the most common presenting 

charge, are usually absent in PIMs. However, 
the neurological signs are uncommon in PEMs 
in head. For example, the occurrence rate of 
increased intracranial pressure is only 1.3% 
(3/231), significantly lower than 25% of PIMs 
(P<0.05). The occurence rate of asymptomatic 
PEMs in head is rare (1.5%, 3/202), whereas 
asym-ptomatic PIMs account for over 20% of all 
PIMs [49]. 4. The illness course duration of 
PEMs in head is slightly shorter, but there is no 
significant difference between PEMs in head 
(mean 2.38 years) and PIMs (mean 2.5 years) 
[48] (P>0.05). 5. 32% (74/231) of PEMs in head 
occur in the cranial vault, whereas PIMs in this 
site only represent 15% [48].

In 2000, Lang et al proposed a simple and use-
ful classification of PEMs in skull according to 
their location relative to the cranium [6]. Type I 
PEMs were purely extracranial tumors without 
bone attachment, Type II were purely calvarial 
tumors located entirely within the bone of the 
skull and Type III were calvarial tumors with 
extracalvarial extension. Type II and Type III 
were further subdivided into skull base (B) or 
skull convexity (C). However, some PEMs in 
head, such as intracranial epidural meningio-
mas and extracalvarial meningiomas involving 
the outer calvarial table, are not included in 
their classification system. In 2006, Bassiouni 
et al [25] remedied these limitations and modi-
fied the classification system. They divided 
PEMs into four types. This classification system 
includes all PEMs in head, especially the dural 

Table 3. Relationships between tumor locations and recurrence and death in 170 cases [2-5, 8-46]
Tumor locations No. of cases No. of recurrence (%) No. of death (%)
Skull convexities 37 4 (10.8) 2 (5.4)
Paranasalsinuse and nasal cavity 51 21 (41.1) 4 (7.8)
Middle ear 42 11 (2.6) 5 (11.9)
Skull base 10 0 (0) 0 (0)
Orbit 13 1 (7.7) 0 (0)
Scalp and others 17 1 (5.9) 3 (17.7)
Total 170 38 (22.4) 14 (8.2)

Table 4. Relationships between tumor type and recurrence and death in 
103 cases [2-5, 8-46]

Tumor types [25] No. of cases No. of recurrence (%) No. of death (%)
I 6 0 (0) 0 (0)
II 67 4 (6.0) 2 (3.0)
III 22 4 (18.2) 3 (13.6)
IV 8 4 (50.0) 2 (25.0)

symptom of PEMs in head 
though their clinical manifes-
tations vary with the size and 
location of the tumor, and they 
have a wider and more vari-
able symptoms than PIMs. 
Some symptoms of PEMs in 
head, such as nasal obstruc-
tion, epistaxis and ear dis-
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involvement by tumor because it is a significant 
surgical implication.

The skull convexities, paranasal sinuse and 
nasal cavity, and middle ear rank in the top 
three of all sites of tumors (Table 1). Only 1.4% 
of PEMs in head are multiple in this reviewed 
series, markedly lower than 8.5% of PIMs [48] 
(P<0.05). It is found that PEMs can almost 
develop in any anatomic sites of head in the 
previous literature [1-46]. A round lesion asso-
ciated with local skull changes is one of the 
common radiographic features in PEMs in 
head. Usually, the skull changes present as 
hyperostosis (59%), osteolysis (35%) or mixed 
(6%), more obvious particularly on bone-win-
dow CT scans [5, 16-19]. The mass is vividly 
and homogenously enhanced after contrast 
medium administration [25, 40]. T1-weighted 
MRI images show hypo-signal lesions, whereas 
T2-weighted MRI images hyper-signal. The 
underlying dural enhancement or dural tail sign 
appears frequently in Type I and Type IV, and 
hardly in Type II and Type III. It is noteworthy 
that the osteolytic skull lesion, scalp swelling 
and painful extracranial soft tissue mass are 
more likely to be malignant PEMs [5, 11, 14, 
19-21].

It is generally agreed that the rates of atypical 
or malignant PEMs in head are higher than 
those of PIMs [5, 6, 21]. Lang et al reported 3% 
of PEMs were atypical and 8% malignant [6]. 
Austin, et al found the atypical and malignant 
PEMs accounted for 5.5% and 6.8% of all PEMs 
respectively [5]. Similarly, in 231 cases of PEMs 
in head we reviewed, 90% were benign, 5.6% 
atypical and 3.9% malignant (Table 3), but in 
contrast, 4.7% and 2.9% of PIMs were atypical 
and malignant [48].

The most common histopathological subtype of 
PEMs in head is meningothelial meningioma, 
happening in 53.4% of 163 cases. Other com-
mon subtypes include transitional (12.3%), 
psammomatous (11.7%) and fibrous (6.7%). 
Microcystic, metaplastic, secretory and regres-
sive meningiomas are rare, only representing 
2.4% (Table 2).

Surgical removal is the first choice to treat 
PEMs in head, which can attain double aims of 
the confirmed diagnosis and treatment of 
tumors. If possible, both the tumor and all 
involved tissues should be completely resect-
ed, followed by the reconstruction of defects [5, 
21, 25]. Total removal rates of PEMs in head 

Figure 1. Meningioma in paranasal sinuse (A); meningioma in middle ear (B); meningioma in orbit (C); frontal 
calvarial meningioma with local hyperostosis and osteolysis (D); epidural meningioma with calcification and local 
osteolysis (E); benign psammomatous meningioma (HE stain, ×400) (F); atypical meningioma (HE stain, ×400) (G).
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are respectively 89% and 100% in those 
reviewed series and our data, significantly high-
er than 50% to 80% of PIMs [48]. When possi-
ble, the extent of removal should be extended 
over 1 cm if the tumor has malignant features. 
It is recommended that radiotherapy should be 
given after incomplete resection regardless of 
pathological grade [5]. However, it has been in 
controversy whether radiotherapy should be 
considered for completely resected atypical or 
malignant PEMs in head [5, 44].

No death occurred perioperatively in all PEMs 
in head treated surgically reported in literature 
during the CT era [2-5, 8-46]. According to the 
follow-up data of 170 cases, the recurrence 
and death rates are 22.4% and 17.1% respec-
tively during a mean 3.03-year follow-up. Tumor-
related death rate is only 8.2%. The death is 
related to the tumor recurrence in 34.5% of 
cases with benign PEMs in head, and due to 
the recurrence or metastasis of tumor in all 
malignant cases. The recurrence of PEMs in 
head is mainly associated with the grade, loca-
tions, removal extent of tumor and involved tis-
sue. 21.1% of recurrence cases are malignant 
or atypical. It has been proven that malignant 
or atypical PEMs in head have poorer progno-
ses than the benign do, with the higher recur-
rence and death rates [5, 6, 25, 44, 45]. There 
are significant differences of the recurrence 
and death rates among various groups of tumor 
location (P<0.05) (Table 3). The reason for 
meningiomas in paranasal sinuse and nasal 
cavity with the highest recurrence rate is that 
complete resection of tumor is usually difficult 
to be attained because of its extensive invasion 
of the adjacent structures. The higher death 
rate in the group of rare sites of tumor, such as 
scalp, is probably related to their malignant pre-
dominance. We can conclude that Type I PEMs 
in head have the best prognosis and Type IV the 
worst from Table 4.

In conclusion, the prognosis of benign PEMs in 
head is good after complete resection.
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