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Herniation Pits of the Femur Neck : Incidence and
Radiologic Findings'

Jae Hyun Cho, M.D., Jin Suk Suh, M.D., Hye Yeon Lee M.D.2

Purpose:In order to assess the incidence and radiologic findings of herniation
pitofthe femur neckin Korean.

Materials and Methods: In 152 macerated femurs of 88 cadavers, and randomly
selected 115 hips of 70 patients, the presence of herniation pit was determined by
using fluoroscopy and radiography. It was then examined by CT for inspection of
overlying surface and its opening was confirmed by inserting thin steal wire
under the fluoroscopic guidance.

Results: Seventeen herniation pits in 15 macerated femurs of 13 cadavers were
noted. (14.8%, 13/88). Two of 13 individuals showed bilaterality. All lesions were
found only in males. Six herniation pit in 6 femurs of 6 patients (8.6%, 6/70) were
also noted. All lesions were on anterosuperior aspect of femur neck. Plain
radiographs of macerated femurs revealed well marginated and thin sclerosis in
15lesions. Of all 23 lesions, CTshowed cortical breakdownin 3, and overlying cor-
tical thickening in 8. In 15 macerated femurs, roughed area of cortex was found in
anterosuperior aspect of femur in all cases, and tiny openings(diameter less than
1 mm) related to cystic lesions were confirmed in 9 lesions.

Conclusion: The incidence of herniation pits was 14.8% in 88 cadaver, and 8.6%

in 70 patients. All were males.

Index Words : Femur,CT

Normal variant

The herniation pit has been known as a normal vari-
ation(1, 2), found incidentally in the femur neck on
radiographs or CT(computed tomography). It is shows
as a well defined radiolucency surrounded by sclerotic
rim.

The herniation pit was proven to be produced by soft
tissue herniation into subcortical bone, and it was
found exclusively at reaction area on anterosuperior
aspect of the femur neck(2). However, radiographically
similar oval radiolucent lesions may often be observed
on the posterior aspect of femur neck. Our question
was, “how should herniation pit excluded in the differ-
ential diagnosis of the posterior lesion?” However, to
our knowledge, not enough series had been reported
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afort the hermiation pit which would in any way be an
aid in answening one gnestion. Therefore, the authors
investigated the location and incidence of herniation
pitandits radiographic findings.

MATERIALS and METHODS

One hundred fifty-two macerated femurs of 88
cadavers(age 20 —80 years, mean 51.5 years) were in-
cluded in this study. One hundred twenty-eight femurs
were conristed of pairs from same cadaver’s. Male : fe-
male ratio was 64 :24. We also reviewed CT images of
randomly selected 115 femurs of 70 patients (age 5 —71
years old, mean age 38.85 years) who visited our hos-
pital for varions causes. Thirty patients were diag-
nosed as avascular necrosis of the femoral head on
one side, 30 patients were with traumas, 10 patients
were with degenerative diseases. Male :female ratio
was 46 :24. Twenty-four femurs were excluded in the
analysis because exfersive destructive change made
evaluation of the femoral neck lesions unfeasile.
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Therefore total of 267 femurs in 158 individuals were in-
cluded(age 5—80 years old, mean 45.7 years old, M :
F=110:48).

Evaluation of the cadaveric femur were done as
follows ; After screening the presence of the lesion in
femoral neck by fluoroscopy and gross inspection, the
femurs with a small radiolucent lesion were selected.
Plain radiographs were obtained. CT evaluation were
performed to investigate the details of the femoral neck
lesions. CT images were obtained from the femoral
head to intertrochanteric area, with 5 mm thickness
without an interslice gap. CT machine was GE 9800(GE,
Milwaukee, Wisconsin). If a tiny opening was suspec-
ted around the reaction area in the selected femurs,

Table 1. Incidence, Age, Sex of the Herniation Pits

Cadavers* Living Patients®™* Total
Incidence 13/88(14.77%) 6/70(8.57 %) 19/158(12.05%)
Bilaterality —2/64 0/45 2/109
Age (mean) 30—75yr(57.5) 24—57yr(44.16) 24 —75yr(53.29)
male:female 13:0 6:0 19:0

*17 lesions in 15 femursin 13 individuals in cadaver study
**6 lesions in 6 femursin 6 individuals in living patients

relationship of external opening with herniation pit
was established by probing with a thin metallic wire
under the fluoroscopic control.

In all subjects including cadaveric and living
subjects, the presence of thin sclerotic margin and
lobulation were evaluated using plain radiography.
The overlying cortical thickening, small external open-
ing, and marginal sclerosis of the herniation pit were
determined by CT.

RESULTS

In cadaveric specimens, 17 well defined radiolucent
lesions were observed on the 15 femur of 13 indivi-
duals. Age ranged from 30 to 75 year, with mean 57.5
year. All individuals with radiolucent lesions were
male, and two showed bilaterality(Table 1). On plain
radiographs, well defined lesions with marginal scler-
osis were found in 15 of 17 lesions. Lobulated appear-
ance was seen only in one lesion. No intralesional cal-
cification was seen. On initial gross inspection of the
surface of the femoral neck, there were no recogni-
zable abnormalities except minimal cortical irregu-
larity, which had been described as the “reaction

Fig. 1. a. Plain radiography of macerated
femur of 60 year-old male cadaver. Small
partially sclerotic rimmed radiolucent les-
ion(arrow) is noted on the femur neck. The
lesion was anterior location on fluoroscopic
examination.

b. CT scan revealed subcortical cystic le-
sion with thin sclerotic rim. Overlying cortex
was thickened.

c. The surface of the anterosuperior aspect
of femur neck show cortical irregularity
area from head and neck junction to inter-
trochanteric line. (small arrows) Small pin
point opening was noted. (large arrow)

d. Probing with thin metallic wire revealed
the pin point opening communicating with
cystic lesion.
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area”, by Angel(5). The reaction areas were observed
on anterosuperior aspect of the femur neck, just distal
to the junction of articular surface and the femoral
neck. They were round in shape, slightly elevated at
their peripheries, and flatand irregular at the centers.

In every femur, several nutrient foramens were
observed at the surface of the posterosuperior aspect
ofthe femur neck, proximal to the greater trochanter.

Fluoroscopically, only three radiolucent lesions
were found on the posterior aspect of the femoral neck.
These lesions were like a herniation pit, but they were
proven to be nutrient foramens by probing with a met-
allic wire, on fluoroscopy. No subcortical cystic lesions
were found on the posterior neck of femurs.

On CT scan, range of the size of lesions was 0.2 —0.7
cm (mean 0.39 cm). Sclerotic margins were noted in 15
of 17 lesions. (Fig. 1) Overlying cortical thickening was
noted in 8 of 17 lesions. (Fig. 2) Pin point breakdown of
cortex was notedin 30f17 lesions. (Table 2, Fig. 3)

In 15 femurs with subcortical radiolucentlesion, nine
tiny external openings were found proved by probing
with a thin metallic wire(Fig. 1).

Most openings were small with the largest one being
2mm in diameter. Six individuals showed subcortical
lesions unilaterally in 70 patients. Patients’ age ranged
from 24 to 57 year with mean age of 44.16 year. All were
male (Table 1). Size of the lesions ranged from 1 mm to
2mm (mean 1.3mm). Three of 6 lesions showed thin
sclerotic rim, without overlying cortical irregularity,
cortical breakdown or overlying cortical thickening.
These 6 herniation pits were found in three patients
with avascular necrosis, in one patient with degenerat-
ive disease, and two patients with trauma. There was
no statistically significant disease predilection. (Chi-
squre test, p>0.05)

a b
Fig. 2. a. Plain radiography of macerated femur of 45 year-old male cadaver. There showed also small thin sclerotic rimmed
radiolucent lesion on the femur neck. The lesion was also on anterosuperior surface.

b. CT scan revealed subcortical cystic lesion with thin sclerotic rim. The lesion showed lobulation. Overlying cortex was also thickened.
c. The cortical surface of femur neck also showed reaction area. However, A opening couldn’t be found, except a dark point(arrow).
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DISCUSSION

The surface reaction area was first described by
Allen, in 1882 (3). Itis a localized intraarticular cortical
surface change on the anterior superior quadrant of
the femoral neck, but it is not at the attachment site of
the joint capsule. It consists of collagenous tissue,
neocartilage, and reactive new bone formation, and is
known to be due to mechanical, abrasive effect of the
adjacent overlying hip capsule (4, 5). The joint capsule
over the reaction area is particularly thick due to cross-
ing of the circular and vertical fibers, the zona orbi-
cularis, and the lateral part of the iliofemoral ligament.
During hip extension, the anterior capsule tightens and
becomes closely apposed to the reaction area. The in-
cidence and prominence of the reaction area are cor-
related with thickness and roughness of the overlying
capsule(5). Its incidence was reported as 74% in fe-
males, and 83 % in males(5, 6), but unfortunately the re-
action area cannotbe visualized on plain radiographs.

Focal attenuation or erosion of the cortical bone
covering the reaction area, may result in exposure of
underlying cancellous bone and marrow (3, 4, 5). The
cortical defect may be single or multiple and may ap-
pear as a cribriform. According to Pitt et al. (2), the
herniation pit is formed by penetration of soft tissue,
probably derived from the covering synovium or adjac-
ent retinacula, through the defect in the reaction area.
A case was demonstrated, with dense fibrocartilage-
nous tissue herniating through cortical bone into
subcortical cavity. Although authors agree with the
suggestion of pathogenesis of herniation pit by Pitt et
al., the suspicion has remained. In our experience with
macerated femurs, the external openings were too

(o
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small to be penetrated by thickened soft tissue through
the subcortical cystic lesion. To confirm the suggestion
by Pitt et al., more collective data must be gathered in
cadavaric studies where soft tissue penetration may be
present. This area have been thought to be a vulner-
able area of various synovial proliferative disease,
such as rheumatoid arthritis, pigmented villonodular
synovitis (2).

Our demographic data differed from previous repor-
ts(7), in that the incidence was higher and in that male
preponderance was noted.

Radiographically, herniation pits are small in size,
and are well marginated, accompanied by a thin scler-
otic rim. The majority of herniation pits are not greater
than 1 cminsize. CT showed overlying cortical thicken-
ing and penings in addition to subcortical small
well-defined cystic lesion. Bone scintigraphic findings
varies, according to the degree of bone remodeling
and repair(8). MRl is not indicated in most cases, but it
may help in differentiating the herniation pits from
other cystic lesions. On T1WI, the herniation pit ap-
peared as uniformly low signal intensity lesion which
was connected to the overlying anterior cortex. T2WI
showed its peripheral margin with absent signal inten-
sity(7).

The herniation pititselfis a benign lesion found inci-
dentally. However, it may arise clinical concern when
found in patients with vague hip pain, or metastatic
carcinomas. Herniation pit may infrequently evoke

Table 2. CT Findings of the Herniation Pits in Cadaver Study
plus Randomly Selected Living Patients.
Total 23 lesions

Findings Yes No
Sclerotic Margin 18 5
Cortical Thickening 8 15
Cortical Breakdown 3 20

a
Fig. 3. a. Plain radiography of macerated femur of 57 year-old male cadaver. Suspected thin sclerotic rim was noted on anterosuperior
aspect of the femoral neck(arrow), which was more evident on fluoroscopy.

b. CT scan showed small thin sclerotic rimmed cystic lesion in the subcortical area. Overlying cortical breakdown was noted.

c. CT scan of 34 year-old who had visited due to motor vehicle accident. Incidentally, about 2 mm sized small thin sclerotic rimmed cys-

tic lesion was noted on left femoral neck(arrow).

pain(2, 9), and may grow. The growing herniation pit
may show increased uptake on bone scintigraphy(9).
Herniation pit may be mimicked by metastatic bone
lesions. MRI may be helpful in differentiating herni-
ation pit with the sclerotic margin from metastatic
lesions having the rarity of sclerotic margin.

Other cystic lesions on the femoral neck should be
included in the differential diagnoses such as nutrient
foramen, osteoid osteoma, intraosseous ganglion,
Brodie abscess, avascular necrosis. Nutrient fora-
mens were exclusively found in the posterior surface of
the femoral neck. Osteoid osteoma may present as a
nidus surrounded by reactive new bone formation and
periosteal reaction on plain radiographs, and shows
markedly increased uptake on bone scintigraphy.
Intraosseous ganglion is located on the subchondral
area, while herniation pit is on the subcapital area(10,
11). The histologic similarity between intraosseous
ganglion and the herniation pithave been discussed. In
the early developmental phase of the intraosseous
ganglion, fibroblastic metaplasia of mesenchymal cell
happen. However, intraosseous ganglions have been
regarded as a different entity, due to the differences in
anatomic locations and due to the differences in
histologic findings in the mature stage(2). Brodie ab-
scess may be difficult to be excluded. However, the
typical location and negative bone scan, and the ab-
sence of symptoms in herniation pit may be helpful.
Avascular necrosis may show similar cystic lesions
with sclerotic rim. But most of the abnormalities are
seen in subchondral areas of the femoral head.

In conclusion, the incidence of herniation pit was
14.77% in cadaver, and 8.57 % in CT evaluation of ran-
domly selected patients. Male predominance was
noted. Radiographically, the herniation pit can be
characterized by it's anterosuperior location, and one
or more cystic lesions less than 1 cm in diameter, and
being accompanied by a thin sclerotic margin.
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