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Acetabular labrum tears have been implicated
as a cause of hip pain in adult patients. Few
studies describe the anatomy, histologic fea-
tures, and microvasculature of the acetabular
labrum and labral tears. Fifty-five embalmed
and 12 fresh-frozen adult hips with a mean age
of 78 years (range, 61-98 years) were studied. Of
these, 96 % (53 of 55) of the hips had labral tears,
with 74% of the tears located in the anterosupe-
rior quadrant. Histologically, the fibrocartilagi-
nous labrum was contiguous with the acetabu-
lar articular cartilage through a 1- to 2-mm zone
of transition. A consistent projection of bone ex-
tends from the bony acetabulum into the sub-
stance of the labrum that is attached via a zone
of calcified cartilage with a well-defined tide-
mark. Two distinct types of tears of the labrum
were identified histologically. The first consisted
of a detachment of the fibrocartilaginous labrum
from the articular hyaline cartilage at the tran-
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sition zone. The second consisted of one or more
cleavage planes of variable depth within the
substance of the labrum. Both types of labral
tears were associated with increased microves-
sel formation seen within the tear. The acetabu-
lar labrum tear appears to be an acquired con-
dition that is highly prevalent in aging adult
hips. Labral tears occur early in the arthritic
process of the hip and may be one of the causes
of degenerative hip disease.

The acetabular labrum is a fibrocartilaginous
structure attached to the acetabular rim. It has
been studied in children in association with de-
velopmental dysplasia of the hip.12:15.16.19-21,
242628 The acetabular labrum also has been
implicated in various pathologic conditions of
the adult hip.

Acetabular labral tears have been described
as a biomechanical cause of hip pain in active
adult patients.!.67.9:11 Degeneration and alter-
ation of the acetabular labrum in adult patients
have been suggested as causes of hip pain and
precursors to osteoarthritis of the hip.!:28.25
Damage to the acetabular labrum has been re-
ported as a cause of irreducible dislocation!7
or recurrent dislocation!422 after traumatic
dislocation of the hip. Posterior hip disloca-
tions produce posterior labrum tears. Surgical
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TABLE 1. Acetabular Labrum Measurements

Measurements Anterosuperior  Anteroinferior Posteroinferior  Posterosuperior
Width (mm + SD) 5.4 (= 2.3) 6.3 (= 2.4) 6.4 (= 1.7) 38(= 1.8)
Thickness (mm * SD) 55(x 1.5) 40(= 1.4) 42 (= 1.3) 49(x1.2)
Capsular recess 7.6(x 2.6) 6.6 (x2.7) 79(x3.2) 76(x 2.5)

(mm * SD)

SD = standard deviation.

and the transverse acetabular ligament. The
labrum appeared to be a continuous structure
around the acetabulum as it formed the trans-
verse acetabular ligament over the cotyloid
notch. The hip capsule consistently inserted
on the bony acetabulum proximal to and dis-
tinct from the labrum, forming a recess that
ranged between 6.6 mm and 7.9 mm from the
anteroinferior and posteroinferior quadrants,
respectively.

Of hips, 96% (53 of 55) had gross labral
tears. Of the tears, 74% were located in the an-
terosuperior acetabular quadrant, and 32%
them extended into two or three quadrants.
The average size of the tears was 2.7 cm
(0.5-8.0 cm). Seven hips had two labral tears.
Two morphologic types of labrum tears were
seen. Of labrum tears, 89% were detachments
of the labrum from the bony acetabulum, 11%
of which were within the substance of the
labrum. No difference was found between the
size or distribution when comparing the two
types of tears.

Stage 2 or less osteoarthritis was seen in
68% and 59% of the femoral heads and acetab-
ula, respectively (Table 2). Of hips, 18 (33%)
had focal arthritic lesions on the femoral head
corresponding to the location of the labral tear.

Further, 5% (three hips) of the acetabula had
peripheral osteophyte formation that was
formed within the labrum tear between the ar-
ticular margin and the detached labrum. Two of
three of these hips had only mild acetabular car-
tilage damage (Stage 2 arthritis).

The specimens studied histologically also
had minimal to mild osteoarthritic changes.
The articular cartilage was well-preserved
with absent or rare evidence of flaking and fib-
rillation. The tidemark showed normal mor-
phologic features without significant redupli-
cation or thickening.

Histologically, the acetabular labrum merged
with the articular hyaline cartilage of the joint
surface of the acetabulum through a transition
zone of 1 to 2 mm (Fig 2). A consistent thin
tongue of bone extended from the edge of the
bony acetabulum into the substance of the
labrum (Figs 1,3). The labrum attached firmly
to the articular side of this bony extension via
a zone of calcified cartilage with a well-defined
tidemark. The labrum attached directly to the
outer surface of this bony extension of the ac-
etabulum without a zone of calcified cartilage
or a tidemark (Fig 3). A group of three to four
small blood vessels was located in the sub-
stance of the labrum, traveling circumferen-

TABLE 2. Arthritis of the Femoral Head and Acetabulum

None b | 2 3 4
Site of Arthritis N (%) N (%) N (%) N (%) N (%)
Femoral Head 8(15%) 11 (20%) 18 (33%) 15 (27%) 3 (5%)
Acetabulum 5(9%) 14 (25%) 14 (25%) 19 (36%) 3 (5%)

Classification of hip arthritis of Byers et al.2
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repair or excision of the acetabular labrum by
arthroscopic or open means have been de-
scribed as treatment options for acetabular
labrum tears, 1-3.6.7.9.11.14,17.22

Although a growing literature describes path-
ologic clinical conditions of the adult acetabu-
lar labrum!6.79.11 and surgical treatments,’-3.6.7.
%.IL1417.2 few studies describe the anatomy of
this structure in the adult.2 The current study
was done to describe the gross, histologic, and
microvascular anatomy of the adult acetabular
labrum and tears of the labrum.

MATERIALS AND METHODS

For the current study, 55 embalmed and 12 fresh-
frozen cadaveric hips were used. The donors were
50% female, with a mean age of 78 years (range,
61-98 years). A history of hip function or symp-
toms before death was not available.

The gross anatomy was studied systematically
in each embalmed hip. All soft tissues surrounding
the hip capsule were dissected free. A capsulotomy
then was performed circumferentially at the mid-
portion of the femoral neck, taking care to preserve
the labrum and the articular surfaces. The hips were
disarticulated after cutting the ligamentum teres at
its femoral insertion. Arthritic changes of the ac-
etabulum and femoral head were recorded using
the staging system described by Byers et al.2 The
appearance of Stage | arthritis consisted of carti-
lage with a fine granularity. In Stage 2 arthritis,
coarse granularity and superficial fraying were pres-
ent. Stage 3 arthritis consisted of deep fissuring and
loss of cartilage substance leaving a depressed area
with a rough base of soft tissue. In Stage 4 arthritis
was seen ossification in the base of a lesion with a
Stage 3 appearance.

All labral tears were documented, noting size
and location around the acetabulum. The tears were
localized to one or more acetabular quadrants. A
labral tear was defined as a detachment of the
labrum from the bony acetabulum where a 3-mm
probe could be inserted. Standardized measure-
ments were made of each labrum as shown in Fig-
ure 1. Measurements of the labrum were recorded
corresponding to each acetabular quadrant.2’ The
relationship of the hip capsule, ligamentum teres,
and cotyloid notch to the labrum was documented.

The fresh-frozen hips were dissected as de-
scribed above. During each dissection, the appear-

Fig 1. lllustration of histologic appearance of
labrum attachment site. (A) labrum; (B) articular
hyaline cartilage; (C) articular cartilage—labrum
transition zone; (D) bony acetabulum; (E) tide-
mark; (F) hip capsule (cut); (G) capsular recess;
(H) group of vessels. 1. capsular recess; 2. thick-
ness of labrum; 3. width of labrum.

ance of the acetabulum, femoral head, labrum, and
labral tears were recorded. Each bony acetabulum
was removed from the pelvis by osteotomizing the
ilium, ischium, and pubic bones. The capsular at-
tachments to the bony acetabulum were left intact.
Each specimen was preserved in 10% buffered for-
malin and decalcified in 10% formic acid. Radial
sections were cut from the center of the acetabulum
to the labrum, perpendicular to its surface, at 45° in-
crements. Each section was labeled according to
the acetabular quadrant from which it originated.
The specimens then were embedded in paraffin,
cut into 5 pm sections, stained with hematoxylin
and eosin, and examined with light and polarized
light microscopy. Microvascular staining was per-
formed using immunohistochemical stains for Fac-
tor VII antigen? (Dako, Carpenteria, CA; dilution
1:3000).

RESULTS

All hips had labra present and had well-
formed acetabula. Overall, the labrum was
widest in its anterior half and thickest in its su-
perior half (Table 1). Inferiorly, no distinction
was seen between the substance of the labrum
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Fig 4. Photomicrograph show-
ing a group of vessels (h, ar-
rows) within the labrum (A) and
hypervascular synovium within
the capsular recess (G); capsule
(F); The bony acetabulum also is
seen (D) (Stain, factor VIII im-
munohistochemical stain; mag-
nification, x10).

Fig 5. lllustration of Type 1 and Type 2 labral tears.

Fig 6. Photomicrograph of Type
1 labral tear (large arrow) at the
transition zone between the
labrum (A) and the articular
cartilage (B). Only mild arthritic
changes on articular cartilage
(small arrow) are present (Stain,
hematoxylin and eosin; magnifi-
cation, *x10).
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Fig 2. Photomicrograph of la-
brum attachment (B) to bony
acetabulum (D) and transition
zone (C) between labrum and
articular cartilage (A). Tidemark
zone is visible (E) (Stain, hema-
toxylin and eosin; magnification,
x%10).

tially around the labrum at its attachment site
on the outer surface of the bony acetabular ex-
tension. A narrow synovial-lined recess sepa-
rated the labrum from the capsule. The lining
of the cleft consisted of highly vascularized,
loose connective tissue and fat (Fig 4).

Two distinct types of tears of the labrum
were identified histologically (Fig 5). The first
type of tear consisted of a detachment of the
labrum from the articular cartilage surface.
These tears occurred at the transition zone be-
tween the fibrocartilaginous labrum and the
articular hyaline cartilage (Fig 6). This type of
tear was perpendicular to the articular surface

Fig 3. Photomicrograph of bony
acetabular tongue (D) within the
labrum (A). Tidemark zone (E) is
visible at the attachment site on
the articular side of the labrum
(Stain, hematoxylin and eosin;
magnification, > 10).

and, in some cases, extended down to the sub-
chondral bone.

The second tear consisted of one or more
cleavage planes of variable depth within the
substance of the labrum. This type of tear ex-
tended perpendicular to the surface of the
labrum. The tears of this type that extended to
the subchondral bone were associated with
tidemark reduplication and endochondral os-
sification in the labrum.

Various histologic degenerative changes
were seen in conjunction with the labral tears.
More advanced labral tears frequently were
associated with adjacent articular cartilage
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in 1977 by Altenberg,! who reported two pa-
tients successfully treated with partial labral
excision through an arthrotomy. Since then,
several studies have been published regarding
the diagnosis, imaging,3413-18 and treatment!-
3.5-79, 11.14.22 of acetabular labrum tears. Few
studies, however, have described the anatomy
of the adult acetabular labrum?19 and no stud-
ies have investigated the histologic features
and microvasculature of this structure and as-
sociated tears. The current study provides a
detailed description of the gross, histologic,
and microvascular anatomy of the adult ac-
etabular labrum and labrum tears.

Significant findings from this investigation
include the high prevalence (95%) of labrum
tears in the cadaveric hips studied and the con-
firmation that most of these tears occur in the
anterosuperior acetabular quadrant. In addi-
tion, a detailed histologic description of the
labral attachment to the bony acetabulum and
two distinct types of tears were described. The
microvascular anatomy of the labrum and
labrum tears also was documented.

The high prevalence of labral tears seen in
the cadaveric specimens in the current study
indicates that the acetabular labrum tear is a
common finding in the aging adult hip. It is
impossible to predict the clinical significance
of this finding in an anatomic study such as the
current one, although this finding is consistent
with the gross anatomic study of cadaveric
hips by Byers et al.2 In the Byers et al study of
365 cadaveric hips from patients ranging in
ages from 9 to 89 years, 88% of hips from pa-
tients older than 30 years of age had detach-
ments of the labrum from the articular carti-
lage. The prevalence of detachments increased
with increasing age. Of detachments, 64%
were located anteriorly. The presence of a tear
in hips from patients younger than 30 years of
age was extremely rare.

Several clinical studies3-7-318 have impli-
cated the anterior and superior quadrants as
the regions where acetabular labral tears most
commonly occur. Walker?6 in an anatomic
study of 74 normal fetal acetabula found that
14% of the labra had a cleft present in the an-

terosuperior acetabular quadrant between the
labrum and the cartilaginous socket that was
observed only microscopically. This region,
therefore, may be a weak area in the labrum
that predisposes it to detachments at a later
age. These detachments may be potentiated by
acetabular dysplasia where abnormal forces
act on the labrum-cartilage junction, which
may explain the high association of labral
tears seen in patients with hip dysplasia. In ad-
dition, a weak region in the labrum may ex-
plain why patients with a history of only mi-
nor trauma have labral tears develop. The
repeated stresses on the hip from everyday life
over several decades also may be enough to
cause a labral tear in a potentially weak region
as evidenced in the current study and in the
work of Byers et al.2

As aresult of the current study, two distinct
types of labral tears have been identified. One
occurring at the articular cartilage and labrum
transition zone and one within the substance of
the labrum. From the current findings, the au-
thors think that the labral tear is a factor in pe-
ripheral acetabular osteophyte formation. In
5% of the hips studied, osteophytes were in-
terposed within a labrum tear between the ar-
ticular cartilage and the labrum. This phenom-
enon also was confirmed histologically as
cystic destruction of bone with prominent re-
modeling and osteophyte formation were seen
within labrum tears that extended to the sub-
chondral bone. Osteophytes within labral tears
were present in some hips without advanced
arthritis. This phenomenon may be one of the
early stages (or a causative factor) of degener-
ative joint disease of the hip. Based on the
measurements of the labrum in the current
study, the labrum appears to contribute signif-
icantly to the morphologic features of the hip.
Therefore, a tear of the labrum might lead to
minor abnormal migration of the femoral
head, causing traction at the labral-bony ac-
etabulum junction and resulting in osteophyte
formation within the labral tear.

The attachment site of the labrum to the
bony acetabulum is an interesting construct. A
projection of bone from the bony acetabulum
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Fig 7. Photomicrograph of os-
teophyte formation (large arrow)
in the presence of a Type 1 labral
tear (arrow) between the labrum
(A) and the articular cartilage
(B); bony acetabulum (D) (Stain,
hematoxylin and eosin; magnifi-
cation, x10).

lesions. This adjacent articular cartilage became
detached from the subchondral bone, which
formed a flap of articular cartilage just above
the tidemark. The most striking degenerative
changes were seen when a labral tear pro-
gressed to a detachment of labrum from the un-
derlying bony projection of the acetabulum.
The degenerative changes that resulted in-
cluded tidemark reduplication and cystic de-
struction of the subchondral bone with promi-
nent remodeling. In some cases, osteophyte
formation resulting from a tear was seen (Fig 7).

Both types of tears were associated with
chondrocyte proliferation and hyalinization of

Fig 8. Photomicrograph show-
ing hypervasculatrity (small ar-
rows) within a Type 2 labral tear
(large arrow); labrum (A) (Stain,
factor VIII immunohistochemi-
cal stain; magnification x<10).

the labral fibrocartilage along the edges of the
defects. Evidence also was seen of myxoid
changes and cystic spaces in the fibrocartilagi-
nous substance of the labrum in some cases.
All labral tears were associated with increased
microvascularity within the substance of the
labrum at the base of the tear adjacent to the
labrum’s attachment to bone (Fig 8).

DISCUSSION

An acetabular labrum tear in a young adult pa-
tient not associated with major trauma is a re-
cently recognized entity. It first was described
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extends into the substance of the labrum. The
labrum attaches to this bony extension by a
tidemark and a zone of calcified cartilage. This
is an interesting observation because a tide-
mark and zone of calcified cartilage typically
are seen with hyaline or articular cartilage.
This bony extension of the acetabulum with
the fibrocartilaginous labrum firmly attached
by a tidemark effectively increases the articu-
lar weightbearing surface of the acetabulum.

The normal microvasculature of the acetab-
ular labrum consists of a group of small ves-
sels located in the substance of the labrum
traveling circumferentially around the labrum
at its attachment site on the outer surface of the
bony acetabular extension. In addition, the
labrum is surrounded by highly vascularized
synovium that is present in the capsular recess.
In all of the labral tears studied histologically,
neovascularization had occurred within the
tear and the substance of the labrum. This new
vessel formation may be the result of migra-
tion of the surrounding synovium into the tear
or a result of bleeding from the underlying
subchondral bone. A potential appears to exist
for healing of labral tears, which may have an
impact on treatment protocols for acute labral
tears. From the current anatomic study, it is
impossible to determine which labrum tears
were symptomatic and, therefore, complete
clinical correlation is still in question. How-
ever, based on the presence of neovasculariza-
tion seen within labral tears, it may be possi-
ble to heal a clinically symptomatic acute tear
with protected weightbearing for a period of
time or through surgical fixation of the torn
labrum to the bony acetabulum.

To understand the consequences of acetab-
ular labral tears and partial excision of the ac-
etabular labrum, the function of the acetabular
labrum needs to be better understood. As a
part of the current study, based on the mea-
surements made of the acetabulum and the
labrum, it was determined that the labrum con-
tributed an average of 22% to the articulating
surface of the hip and increased the volume of
the acetabulum by 33%. The acetabular
labrum does appear to contribute significantly

to the morphologic features of the hip. Ac-
etabular labrum tears and partial labrum exci-
sions may accelerate degenerative articular
changes attributable to altered hip biomechan-
ics. Additional study is needed to better un-
derstand the biomechanical implications at-
tributable to a tear or a partial excision of the
acetabular labrum.

The acetabular labrum tear appears to be an
acquired condition that is highly prevalent in
aging adult hips. A labral tear appears to occur
early in the arthritic process of the hip and may
be one of the causes of degenerative hip arthri-
tis. Two distinct types of labral tears occur,
which may be related to the histologic anatomy
of the attachment site of the labrum to the bony
acetabulum. A microvascular response consis-
tently occurs within labral tears. Protected
weightbearing or surgical fixation of labral
tears may be options for treatment of labral
tears but additional clinical studies are needed.
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