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Abstract 
Bone marrow lesions (BMLs) on magnetic resonance (MR) images in knee osteoarthritis patients 
are considered to predict the severity and progression of the disease. We evaluated the histologi-
cal findings of BMLs on MR images of the subchondral area of the medial femoral condyle in varus 
osteoarthritic knees. In 24 patients with varus knee osteoarthritis who underwent total knee 
arthroplasty (TKA), sagittal T1- and T2-weighted MR images of the affected knee were acquired 
before TKA. During TKA, resected bone pieces from the distal medial femoral condyle were ob-
tained. Sagittal specimens obtained from the center of the bone pieces were histologically ex-
amined. Twenty patients had BMLs. Histological findings of BMLs in the subchondral area showed 
various features, such as fibrovascular tissue, cyst formation, active bone remodeling with bone 
formation and bone resorption, and hyaline cartilage. BMLs were not found in four patients; his-
tological findings of these patients showed normal bone marrow tissue with normal-thickness 
trabeculae. Subchondral bony end plate in knees with BMLs was usually thin or destroyed, while 
that without BMLs was thick or normal. The condition of the subchondral bony end plate would 
explain the differences in the severity and progression between patients with or without BMLs. 
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1. Introduction 
Osteoarthritis of the knee is extremely common. Nearly 75% of individuals aged ≥65 years in the United States 
have evidence of degenerative joint disease on knee radiographs [1]. A recent Japanese epidemiological study 
revealed that the prevalence of radiographic knee osteoarthritis was 42.6% in men and 62.4% in women aged 
≥40 years [2]. Because knee osteoarthritis reduces the quality of life of elderly people, the high incidence of os-
teoarthritis and increased average lifespan have resulted in worldwide social problems in terms of reduced mo-
bility. To address these issues, prediction and prevention—in addition to treatment of osteoarthritis—have be-
come increasingly important. 

In order to predict the severity and progression of osteoarthritis, several methods such as biological markers 
[3] and diagnostic imaging [4]-[6] have been used to date. Bone marrow lesions (BMLs) on magnetic resonance 
(MR) images, which have been previously defined as “ill-defined low-signal-intensity areas on T1-weighted 
images (T1WI)” [7] and “high-signal-intensity areas on T2-weighted images (T2WI)” [8] [9] within subchondral 
regions, have been reported to correlate with the severity [8] [10], progression [11] [12] and cartilage damage 
[13]-[16] of knee osteoarthritis. However, the exact pathology of BMLs remains uncertain since only a few stu-
dies have investigated the histological findings of these lesions [7] [17] [18] and no histological explanations of 
the differences in the severity and progression between patients with or without BMLs have been reported. 
Therefore in the present study, we evaluated histological findings of the subchondral area of the medial femoral 
condyle with BMLs on MR images and compared them with those without BMLs.   

2. Patients and Methods 
The study protocol was approved by the Ethics Committee of our clinic. Written informed consent for the use of 
data in the study was obtained from all patients. 

2.1. Patients 
Between October 2012 and February 2013, 24 total knee arthroplasties (TKAs) were consecutively performed 
for 24 patients with varus knee osteoarthritis. Those patients were the subjects of this study. The study com-
prised 4 males and 20 females. The demographic data of the patients are shown in Table 1. The average age at 
surgery, height, weight and body mass index were 72 years (range 62 - 80 years), 1.52 m (range 1.39 - 1.75 m), 
66 kg (range 54 - 89 kg) and 28.3 kg/m2 (range 23.3 - 37.2 kg/m2), respectively. Grade of osteoarthritis in all pa-
tients showed grade 4 according to Kellgren and Lawrence grading system [19]. The average femoro-tibial angle 
on a standing posteroanterior radiograph was 186˚ (range 179˚ - 198˚). 

2.2. MRI Examinations 
MR images of the affected knee were acquired before the TKA. In our clinic, a Signa-Profile system (0.2 T; GE 
Healthcare, Milwaukee, WI) is used routinely to acquire T1- and T2-weighted sagittal and coronal images to as-
sess knee pathologies. The section thickness of the sagittal planes was 4 mm. Because the patients had varus 
knee osteoarthritis, we used T1- and T2-weighted sagittal MR images through the center of the medial femoral 
condyle for the imaging evaluation of the patients. BMLs were generally represented by ill-defined areas of 
low-signal intensity on T1WI [7] and by areas of high-signal intensity on T2WI [8] [9] in the subchondral area 
(Figure 1).  

2.3. Histological Examinations 
During the TKA, bone pieces were obtained from the distal medial femoral condyle. They were cut sagittally 
and the specimens—approximately 5 mm thick, from the center of the medial femoral condyle—were prepared 
for histological examinations (Figure 2). The specimens were immediately fixed in 10% formalin, decalcified 
with ethylenediaminetetraacetic acid at 4˚C, embedded in paraffin, and stained with hematoxylin-eosin and elas-
tica-Masson. Antibodies against type-II collagen were also used to prepare the specimens for immunohistologi-
cal examination. Stained specimens were analyzed using light microscopy. 

3. Results 
The MR images revealed BMLs for 20 patients but no BMLs for 4 patients. All the lesions were confirmed by 
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Table 1. Demographic data of the patients in the present study.                                                   

No. Age Sex R/L Height (m) Weight (kg) BMI (kg/m2) Femoro-Tibial Angle 
1 66 F R 1.54 71 29.9 184 
2 69 F L 1.5 67 29.7 181 
3 62 F L 1.47 68 31.4 184 
4 76 F L 1.5 62 27.5 185 
5 79 F L 1.46 57 26.7 198 
6 77 F L 1.48 60 27.3 187 
7 78 F R 1.52 86 37.2 179 
8 63 M L 1.71 89 30.4 186 
9 73 F L 1.52 59 25.5 185 

10 63 F L 1.56 64 26.2 180 
11 79 F L 1.51 54 23.6 182 
12 64 F R 1.39 54 27.9 191 
13 69 F R 1.5 58 25.7 187 
14 74 M R 1.62 68 25.9 179 
15 64 M L 1.75 89 29 185 
16 79 F L 1.46 63 29.5 180 
17 77 F L 1.44 58 27.9 182 
18 79 F L 1.59 59 23.3 195 
19 71 F R 1.42 60 29.7 185 
20 70 F L 1.56 87 35.7 191 
21 76 M L 1.61 62 23.9 192 
22 76 F L 1.46 57 26.7 190 
23 68 F L 1.46 58 27.2 190 
24 80 F R 1.43 54 26.4 186 

 

 
Figure 1. T1- and T2-weighted MR images of bone marrow le- 
sions. Diffuse low-signal intensity on T1-weighted images (T1, 
white arrow) and high-signal intensity on T2-weighted images 
(T2, black arrow) demonstrates bone marrow lesions.           

 
imaging of the middle slice of the medial femoral condyle. Plain radiographs showed no differences between 
patients with or without BMLs on MR images (Figure 3(a), Figure 3(b)). Histologically, BMLs were shown to 
exhibit various features: the formation of fibrofatty or fibrovascular bone marrow; cyst formation (Figure 4(a)); 
active bone remodeling with bone formation and resorption (Figure 4(b)); and the formation of cartilaginous 
tissues, including articular cartilage, subchondral bony end plate and bone trabeculae. In all 20 patients, the ar-
ticular cartilage either partially remained or had completely disappeared. Bared subchondral bony end plate was 
thin or disintegrated. Dense fibrous or fibrovascular bone marrow tissues with thick trabeculae were observed  
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Figure 2. Photo of medial femoral condyle during total knee 
arthroplasty. A central sagittal specimen (asterisk) was obtained 
from the resected distal medial femoral condyle.              

 

 
(a)                               (b) 

Figure 3. Plain radiographs of the patients with or without BMLs on MR 
images. No obvious differences can be detected by the plain radiographs. 
(a) A plain radiograph of the patient with BMLs; (b) A plain radiograph of 
the patient without BMLs.                                         

 
under the end plate (Figure 4(c)). Bone necrosis with empty lacunae was occasionally found in this end plate. 
After immunostaining for type-II collagen, cartilaginous tissues were detected not only on the surface of the 
specimen but also in the subchondral region (Figure 4(d)). In some specimens, articular cartilage partially re-
mained. Moderately fibrofatty or fibrovascular bone marrow and normal-thickness trabeculae were observed 
beneath a thin or disintegrated subchondral bony end plate (Figure 4(e)). 

The histological findings of the four patients with no BMLs showed normal bone marrow tissue beneath ei-
ther well-preserved articular cartilage with a normal-thickness subchondral bony end plate (Figure 5(a)) or a 
completely bared articular surface with a thick subchondral bony end plate (Figure 5(b)). Cyst formation or 
bone necrosis were not found. 

4. Discussion 
BMLs are defined, based on MRI findings, as “low-signal-intensity on T1WI” [7] and “high-signal-intensity on 
T2WI” [8] [9] within subchondral regions. Recently, many studies have revealed an association between BMLs 
and knee pain and the structural progression of osteoarthritis [8]-[16]. Felson et al. [8] reported that BMLs were 
strongly associated with the presence of pain. Iwasaki et al. [10] stated that irregularity of BMLs served as a 
possible indicator of objective severity when assessed by the Lysholm knee scoring scale. A couple of longitu- 
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(a)                                                       (b) 

  
(c)                                                       (d) 

 
(e) 

Figure 4. Histological features of bone marrow lesions. (a) Stained with elastica—Masson, original magnification ×20; (b) 
Stained with elastica—Masson, original magnification ×100; (c) Stained with elastica—Masson, original magnification ×20; 
(d) Stained with antibodies against type-II collagen, original magnification ×20; (e) Stained with hematoxylin-eosin, original 
magnification ×20. Cy: cyst formation; C: articular cartilage; M: bone marrow region; P: subchondral bony end plate. (a) 
Cyst formation is observed in the bone marrow lesion; (b) Active bone remodeling with bone formation (black arrow) and 
resorption (white arrow) are observed; (c) Thick trabeculae and dense fibrofatty or fibrovascular marrow tissues are observed 
under bared and thin or disintegrated subchondral bony end plate. Cartilaginous tissue (asterisk) is also observed; (d) The 
cartilaginous tissue shows positive staining for type-II collagen; (e) Normal-thickness trabeculae and moderately fibrofatty or 
fibrovascular marrow are observed under partially remaining articular cartilage and thin or disintegrated subchondral bony 
end plate.                                                                                               
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(a)                                                       (b) 

Figure 5. Histological features of the knees with no bone marrow lesions (stained with hematoxylin-eosin, original magnifi- 
cation 20×). (a) Well-preserved articular cartilage, normal-thickness subchondral bony end plate, normal-thickness tra- 
beculae, and normal bone marrow tissue are observed; (b) Bared subchondral bony end plate, thick subchondral bony end 
plate, normal-thickness trabeculae, and normal bone marrow tissue are observed. (C: articular cartilage; M: bone marrow 
region; P: subchondral bony end plate).                                                                       
 
dinal studies revealed a significant relationship between BMLs and progression of knee osteoarthritis [11] [12]. 
Studies have also shown an association between BMLs and articular cartilage damage [13]-[16]. Lim et al. [9] 
reviewed the association between non-biomechanical factors and BMLs. Therefore, BMLs should play an im-
portant role in the etiology of osteoarthritis; however, only a few studies have been conducted in which the his-
tology of BMLs has been directly observed [7] [17] [18].  

Zanetti et al. [7] compared tibial plateau abnormalities on MR images with those on histological maps for 16 
patients. They concluded that the bone marrow edema depicted on MR images in osteoarthritis knees mainly 
consisted of normal tissue with smaller areas of various abnormalities, such as bone marrow necrosis, necrotic 
or remodeled trabeculae, bone marrow fibrosis, bone marrow edema and bone marrow bleeding. In another 
study, Bergman et al. [17] reported that seven of nine osteoarthritis knees exhibited MR signal abnormalities 
corresponding predominantly to the replacement of fatty marrow with fibrous tissue. In addition, Sadat et al. [18] 
observed subchondral ingrowth of fibrovascular tissue and increased bone remodeling in the bone marrow ede-
ma pattern zone on the MR images of one patient. Although such studies have explored an aspect of BML pa-
thology, the full and exact significance of the lesions is yet to be elucidated.  

In the present study, the center of the medial femoral condyle—where BMLs were confirmed by MR imag-
ing—was histologically examined. In addition, histological differences between patients with or without BMLs 
were evaluated. BMLs were shown to exhibit various histological features: the formation of fibrofatty or fibro-
vascular bone marrow; cyst formation; active bone remodeling with bone formation and resorption; and the hya-
line cartilage in the subchondral region. Nevertheless, the MR images of the four patients with no BMLs re-
vealed normal bone marrow tissues. The most interesting histological difference between patients with or with-
out BMLs was the condition of the subchondral bony end plate; the end plate was thin or disintegrated in pa-
tients with BMLs but thick in patients with no BMLs. Although histological findings of BMLs in this study were 
similar to those of previous studies [7] [17] [18], those studies did not describe the condition of the subchondral 
bony end plate in detail, regrettably. Based on the current study, the condition of the subchondral bony end plate 
should play a key role in the pathology of BMLs and should explain the differences in the severity and progres-
sion of knee osteoarthritis between patients with or without BMLs. It is not known whether the disintegration of 
the subchondral bony end plate is the cause or result of the underlying pathology of BMLs. However, once the 
plate has been disintegrated, the bone marrow beneath the plate becomes directly exposed by compression force, 
which may accelerate the disease progression of osteoarthritis. Furthermore, once the plate is disintegrated, un-
myelinated free nerve endings present in the subchondral bone can presumably worsen the severity of osteoarth-
ritic pain [20]. 

In addition to the relatively small sample size and imbalance in the number of samples with or without BMLs, 
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the current study has some limitations. First, only 0.2 T T1- and T2-weighted MR images, which were routinely 
acquired in our clinical practice, could be used for this study. Such MR images cannot detect cartilage, but can 
identify BMLs. Second, the specimens examined in this study were obtained from advanced osteoarthritis knees 
during TKAs. Therefore, it may be difficult to surmise the etiology of BMLs in early-stage osteoarthritis knees 
and the progression of the lesions. Finally, it was very difficult to determine the exact correlations between the 
BMLs and the histological findings since the MR images were acquired using sections 3 - 4 mm in thickness 
while histological examinations were conducted on very thin specimens.  

5. Conclusion 
BMLs on MR images of the subchondral area of the medial femoral condyle of varus osteoarthritis knees exhi-
bited various histological findings. The condition of the subchondral bony end plate is likely to influence the 
histological features of the subchondral area—whether or not BMLs are present. We consider that the histologi-
cal findings of BMLs are critical to better understand the severity or progression of knee osteoarthritis. 
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