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Abstract: Background: The ligamentum teres (LT) is covered by synovium. It acts as a stabilizer of the hip and as 
such it has been compared to the ACL of the knee joint. Pathologic changes occur in the LT with aging and os-
teoarthritis (OA), including degeneration, occasional chondroid metaplasia, and synovial chondromatosis are well-
recognized in the literature. However, there are no reports of intraligamentous synovial osteochondroma occuring in 
the LT. Methods: We reviewed the pathology reports of 542 osteoarthritic femoral arthroplasty specimens between 
January 2016 and December 2018. The LT was examined histologically in 55 cases because it was abnormal on 
gross examination. Results: A single synovial osteochondroma, ranging in size from 0.4-1.7 cm in diameter, was 
present in the body of the LT in 14 cases (9 males; 5 females, aged 34 to 81 years), representing 2.6% of 542 
arthroplasty cases. Ten of the osteochondromas had bone marrow fat without hematopoietic elements, 1 had he-
matopoietic elements, and 3 had no marrow among the bony trabeculae. Radiographically, all cases had moderate 
to severe osteoarthritis with no mention of an abnormality of LT. Conclusion: To our knowledge, this is the first report 
of intraligamentous synovial osteochondroma in the LT in osteoarthritis patients undergoing hip arthroplasty. It pro-
vides further support for microscopic examination of arthroplasty specimens for histologic abnormalities. Further 
prospective study is needed to determine if this lesion contributes adversely to the development or progression of 
osteoarthritis and if it is a reactive or neoplastic process. 
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Introduction

The ligamentum teres (LT) is a short, triangular 
connective tissue structure at the top of the hip 
joint. The base of the LT arises from the sides of 
the acetabular notch where it blends with the 
transverse acetabular ligament, and the apex 
attaches to the fovea capitis on the medial 
aspect of the femoral head [1-3]. The LT is com-
posed of a mixture of collagen types I, III, IV and 
V interspersed with blood vessels, nerves, and 
adipose tissue, and is covered by a single layer 
of synoviocytes [4, 5]. The LT has structural 
anatomy and functions that are similar to those 
of the anterior cruciate ligament of the knee 
joint [4, 6]. It plays a significant role in stabiliza-
tion of the hip [1, 4, 7] and protects the femoral 
head from subluxation. 

The LT undergoes a variety of degenerative 
changes associated with aging and osteoarthri-
tis (OA) in which all structures in the hip joint, 
including the articular cartilage, ligaments, and 
subchondral bone are affected. Microscopic 
tears, mucoid and fibromatous degeneration, 
fatty change of the LT, and chondroid metapla-
sia of fovea capitis were reported by Sam- 
patchalit et al. [8] in a study of LT of 11 cadav-
eric hips that had been frozen, thawed for 36 
hours without fixation, MRI-scanned, fixed in 
formalin for 3 days, and then decalcified for 8 
days. The authors had no clinical information 
on these individuals other than age, which 
ranged from 60-95 years, and sex (8 females 
and 3 males) [8]. Dehao et al. [5] described 
osteochondroid and chondroid metaplasia in 3 
of 11 LTs removed at arthroplasty for femoral 
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fracture (8 cases) or OA (3 cases). Metaplasia 
was more prevalent in patients with more se- 
vere degenerative changes. The focus of this 
study was to describe the microstructure of  
the ligamentum teres of the hip, with special 
emphasis on the presence of osteochondroid 
and chondroid metaplasia since they had not 
been described histologically in detail, making 
it unclear whether these were bone fide exam-
ples of synovial osteochondromas of the liga-
mentum teres. Thus, to our knowledge, osteo-
chondroma has not been reported in the LT, 
and no cases were included in a recent review 
of the literature of the hip [9] or in a compre-
hensive review of MRI studies of the LT [10].  

Here, we report the histologic, clinical, and 
radiologic features of 14 cases of synovial 
osteochondroma within the body of LT identi-
fied in a systematic histopathologic review of 
patients undergoing arthroplasty for osteoar-
thritis of the hip over a 3-year period in a ter-
tiary medical center.

Materials and methods 

The senior author (BFB) diagnosed 2 cases of 
intraligamentous synovial osteochondroma of 
the LT within a 2-week period in 2016. This 
prompted a retrospective and prospective re- 
view of our surgical pathology database over a 
3-year period from January 2016 to December 
2018 for femoral heads that had been submit-
ted with an attached LT from patients undergo-
ing arthroplasty for degenerative joint disease. 
We found 542 arthroplasty cases submitted for 
histologic analysis, of which 55 had the LT sub-

mitted for histologic examination mainly be- 
cause they had areas of nodularity or firmness 
identified during gross examination; a few were 
submitted randomly with no significant chang-
es grossly. Fourteen of these 55 cases had a 
diagnosis of osteochondroma of the ligamen-
tum teres made in formalin-fixed, acid decalci-
fied, paraffin-embedded, 4 μm thick, hematoxy-
lin and eosin (H&E)-stained sections. The histo-
logic features of H&E sections from the associ-
ated decalcified, paraffin-embedded femoral 
heads were reviewed. The severity of degenera-
tive joint disease was assessed histologically 
by applying the Osteoarthritis Research Society 
International (ORSI) working group grading and 
staging systems, which are based on the depth 
and extent of cartilage involvement, respective-
ly [11] (Table 1). We correlated these data with 
the clinical and radiologic findings. 

Results

A single synovial osteochondroma was found 
within the body of the ligamentum teres in 14 
of the 55 cases (9 males; 5 females, aged 
34-81 years). The osteochondromas were iden-
tified grossly as a single, small nodule in 13 
cases. They varied in size from 0.4-1.7 cm in 
diameter, and one case had only a focus of firm-
ness. None of these lesions had been iden- 
tified on routine radiographs before surgery 
and no loose bodies were identified. Histo- 
logically, these nodules were well-circumscri- 
bed and consisted of mainly woven trabecular 
bone covered by cellular viable cartilage, with 
overlying synovium, features typical of synovial 
osteochondroma (Figure 1A-C). The bone was 

Table 1. Osteoarthritis Research Society International (ORSI) working group grading and staging sys-
tems

Grade Assessment Stage Assessment

Grade Key Features Stage % Involvement
(Surface, area, volume)

G0 Surface intact, cartilage morphology intact S0 No OA features seen
G1 Surface intact S1 <10%
G2 Surface discontinuity S2 10-25%
G3 Vertical fissure (cleft) S3 25-50%
G4 Erosion: Cartilage matrix loss of superficial layer and mid zone S4 >50%
G5 Denudation: Sclerotic bone or reparative tissue, including fibrocartilage 

within denuded surface. Microfracture, with repair limited to bone surface
G6 Deformation: Bone remodeling (more than osteophyte formation only). 

Includes: microfracture with fibrocartilaginous and osseous repair extend-
ing beyond the bone surface
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necrotic in one case (Figure 1B), but it was via-
ble in most cases, with active osteoclastic 
resorption and new bone formation (Figure 1C). 
Ten specimens had bone marrow fat with no 
marrow hematopoietic elements, one had mar-
row hematopoietic elements, and three had  
no marrow among the bony trabeculae. Twelve 
of the 14 cases had mild to moderate hyper- 
plasia of the joint synovium and four of these 
had associated mild to moderate focal chronic 
inflammation in the synovial tissues. Of the 
remaining 41 LT specimens, 2 had a focus of 
reactive chondroid metaplasia within the LT 
with no associated synovial covering, one had 
synovial chondromatosis present on the fe- 
moral head articular surface and in the joint 
cavity, and one had calcium pyrophosphate 
crystal deposits. The other 37 LT specimens 
had non-specific reactive changes, including 
mild to moderate synovial hyperplasia, fibrosis, 
mild focal chronic inflammation, focal calcifica-
tion and bony detritus. 

Twelve of the 14 synovial osteochondroma 
cases had primary and 2 had secondary OA. 
One patient had developmental dysplasia of 

the hip and the other had post-traumatic arthri-
tis. Radiologically, all of the cases had moder-
ate to severe arthritic changes without any 
mention of abnormality of the LT. In three cases, 
avascular necrosis of the femoral head was 
diagnosed histologically with viable overlying 
cartilage. Most of the cases had histologically 
advanced grade OA with varying degrees of 
eburnation of the articular cartilage (Figure 1D) 
and underlying subchondral cyst formation  
and microfracture repair (Figure 2A, 2B). Eight 
cases were ORSI grade G5, 5 were G6, and 1 
was G4, with minimal loss of articular cartilage. 
In addition, 11 cases had extensive loss of 50% 
or more of the articular cartilage (ORSI Stage 3 
& 4) and 3 had <50% loss (Stage 2; Table 2).

Discussion

To our knowledge this is the first definitive 
report of osteochondroma of the ligamentum 
teres (LT) occurring in 14 of 55 hip arthroplasty 
cases over a 3-year period as solitary discrete 
nodules submitted for histologic examination. 
This represents 2.6% of 527 arthroplasty speci-
mens from OA patients and 25.5% of the sub-

Figure 1. Synovial osteochondromas of the ligamentum teres. (A and B) Low (H&E ×20) and higher (H&E ×40) mag-
nification images of an osteochondroma with cellular cartilage, central ossification, and a covering rim of fibrous 
tissue. Chondrocytes and fibroblastic cells in the marrow cavity are viable, but osteocyte lacunae are empty, indica-
tive of osteonecrosis, presumably due to inadequate blood supply. (C) (H&E ×40) Osteochondroma with cellular car-
tilage and a covering of fibrous tissue with a thin outer layer of synoviocytes. Central, mostly viable, remodeling bone 
with active osteoclastic resorption and osteoblastic new bone formation and fatty marrow. (D) (H&E ×40) Eburnated 
surface of femoral head from same case as (C), with subchondral fractures repair, and osteonecrosis.
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mitted LT specimens. The osteochondromas 
were not suspected clinically, and despite one 
being 1.7 cm in diameter, none was detected 
during routine radiographic examination, which 
would be difficult, given the complexity of the 
bones at the hip. Tumors or tumor-like lesions 
of the LT are extremely rare. We are aware of 
only 2 reported cases: a giant cell tumor in a 
46-year-old woman with an 18-month history of 
groin, thigh, and buttock pain [12], and a fibro-
myxoid pseudotumor in a 29-year-old man with 
a 2-year history of right hip pain [13]. All of our 
arthritic patients had hip pain, but we do not 
know whether the osteochondromas of the LT 
contributed to the pain.

The LT and ACL share many structural, anatom-
ic, and functional characteristics [4, 6], includ-
ing showing degenerative changes during aging 
and in OA, disorganization of collagen fibers, 
mucoid and chondroid metaplasia, calcifica-
tion, and synovial chondromatosis [14-19]. 

Ligament-derived stem cells with adipogenic, 
osteogenic, and chondrogenic potential have 
been isolated from human ACLs [20-22] and 
other ligaments [20], and were more often 
found in ACLs of older than younger patients 
[22], although they had similar multilineage dif-
ferentiation potentials. Hasegawa et al. [23], 
hypothesized that chondrocyte-like cells prolif-

Figure 2. Femoral heads with advanced grades of osteoarthritis. A. G5 degenerative joint disease with complete loss 
of articular surface (H&E ×20). B. G6 degenerative joint disease with complete loss of articular surface, subchon-
dral microfracture, and subchondral cyst.

Table 2. Clinicoradiologic and histologic correlation
Case 
No. Age Sex Radiologic findings Histologic 

Grade
Histologic 

Stage
1 67 F Advanced DJD with osteophytes and avascular necrosis G4 S2
2 66 F Post traumatic moderate DJD with osteophytes G6 S4
3 70 M Advanced DJD G5 S3
4 61 F Advanced DJD G5 S2
5 65 M Advanced DJD G6 S4
6 66 F Advanced DJD G5 S3
7 73 F Advanced DJD G5 S3
8 81 F Advanced DJD with complete erosion of femoral head G5 S4
9 34 F Flattening of the femoral head and superior aspect of the acetabulum with 

severe DJD, developmental dysplasia of the hip and avascular necrosis
G5 S4

10 70 F Advanced DJD G5 S3
11 55 M Advanced DJD G5 S2
12 60 F Advanced DJD G6 S4
13 71 M Advanced DJD with osteophytes G6 S4
14 59 M Loss of the superior lateral joint space in the hip joint with contiguous bony 

sclerosis. Subchondral cysts are present. Large marginal osteophytes arise 
from the lateral and medial aspects of the acetabular margin and also from 
the lateral and medial aspects of the femoral head and neck. Findings are 
consistent with moderately severe degenerative changes.

G6 S4
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erate from abnormally differentiated progenitor 
cells in degenerating ACLs. Wagenbrenner et 
al. [24] isolated mesenchymal stromal cells 
(MSCs) from the LTs of five patients who un- 
derwent total arthroplasty and documented 
that these cells had adiopogenic and osteogen-
ic differentiation potential but the chondoro-
genic differentiation potential was not con-
firmed. Further, they did not do a quantitative 
measure of this differentiation potential [24] 
and we found no studies reporting the density 
of ligament-derived stem cells in the LT. 

OA affects every structure in the joint and 
causes degeneration of ligaments, triggered by 
inflammatory mediators and cytokines secret-
ed by synovial cells and chondrocytes [25]. We 
do not know whether the osteochondromas 
started in the LT as a neoplastic or reactive pro-
cess or whether they developed before the 
degeneration of articular cartilage or avascular 
necrosis occurred, or as a result of the joint 
pathology. Blankenbaker et al. [26] reported 
partial LT tears in 116 patients undergoing pre-
operative MR arthrography and hip arthrosco-
py, but none had intraligamentous osteochon-
droma. More recently, tears but no osteochon-
dromatous lesions, were reported in 14-45% of 
LTs in a comprehensive review of reports of 
1456 MRI examinations to determine the diag-
nostic performance of MRI and MR arthrog- 
raphy for depicting LT lesions [10]. Because 
osteochondromas have not been reported pre-
viously in the LT, they could have been present 
in some cases, but not recognized. MRI was not 
done in most of our cases, and is not medically 
indicated preoperatively in most patients with 
arthritis.

The purpose of this study is to report that 
osteochondromas can be detected in the LT by 
careful gross and histologic examination. In 
many hospitals, arthroplasty specimens are 
examined grossly to confirm features of OA, 
and no histologic sections are examined. The 
cost effectiveness of examination of these 
specimens has been questioned [27-30], most-
ly in relatively small studies, but histologic an- 
alysis can lead to diagnosis of unsuspected 
pathology, including calcium pyrophosphate 
crystal disease, primary and metastatic tumors, 
pigmented villonodular synovitis (tenosynovial 
giant cell tumor), and synovial chondromatosis 
[27, 31-34]. The largest study to date reported 
that the cost of histologic analysis was <0.5% 
of the medical cost of the procedure [35]. 

We cannot tell whether ostoechondromas of LT 
contributed adversely to the development of 
OA, occurred independently, or are an end-
stage manifestation of OA, or a neoplastic pro-
cess. This would have required pre-operative 
MRI and other imaging studies, coupled with 
careful histologic examination, karyotype analy-
sis, and molecular genetic testing of resected 
specimens. A limitation of current pathology 
practice is that arthroplasty specimens are  
typically decalcified in acid-containing solu-
tions. Thus, we were unable to perform FISH 
analysis, targeted RNA sequencing, or next 
generation sequencing studies, which require 
decalcification in EDTA, to determine whether 
synovial osteochondromas of the LT are neo- 
plastic.
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