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I. Introduction 
Anemia is a major public health concern in India. The prevalence of anemia is 60-90% in different age 

groups
1
. Pregnant women, infants, young children, and adolescents are at a risk of anemia as they have a high 

demand of iron, folic acid and other nutrients.  Anemia refers to a decrease in the total number of circulating red 

cells, a decrease in the hemoglobin concentration, or a decrease in the hematocrit when compared with a normal 

group
2
. Such a definition must also take into account the functional ability of the blood to deliver oxygen to 

deprived tissues. The symptoms of anemia depend on the degree of reduction in the oxygen-carrying capacity of 

the blood, the change in the total blood volume, the rate at which these changes occur, the degree of severity of 

the underlying disease contributing to the anemia, and the power of the cardiovascular and hematopoietic 

systems to recuperate and compensate
3
. Anemia can be associated with increased morbidity and mortality from 

a variety of infectious diseases
4
. 

Bone marrow is the 5
th

 largest organ of the human body
5
. Its chief function is hematopoietic, providing 

the optimal supply of circulating platelets, white and red blood cells to meet the body’s requirements for 

coagulation, immunity, and oxygenation. Hematopoietically active bone marrow is referred to as hematopoietic 

marrow or red marrow. Red marrow contains approximately 40% water, 40% fat, and 20% protein. 

Hematopoietically inactive marrow is referred to as yellow marrow or fatty marrow. It contains approximately 

15% water, 80% fat, and 5% protein
6
.   

At birth, red marrow is present throughout the entire skeleton. Normal physiological conversion of red-

to-yellow marrow occurs in a predictable and orderly fashion with completion by the age of 25 years when the 

adult pattern is reached. In adults, reconversion of yellow marrow to red marrow occurs under stressful 

conditions such as anemia, or infiltrative marrow disorder, when the demand for blood cell production exceeds 

the existing marrow’s ability to manufacture these products.Conversion of hematopoietic to fatty marrow occurs 

at different rates in different bones; the general view is that marrow in distal bones is converted more rapidly 

than marrow in proximal bones. Of facial bones, the maxilla and zygoma contain fatty marrow only; whereas 

the ethmoid bone does not have any marrow tissues at all. The mandible, on the other hand, still contains 

hematopoietic marrow in adults, conversion occurs first in the mandibular body, followed by the angle, ramus, 

and finally the condyle
7
.   

Magnetic resonance (MR) imaging has become an important noninvasive technique for bone marrow 

disorders. On spin-echo T1-weighted MR images (T1W1), red marrow is seen as a low to intermediate signal 

intensity (SI) area, whereas yellow marrow is seen as a high signal intensity area.  

To date, MRI is the only modality that enables direct visualization of bone marrow in vivo. Accurate 

interpretation of MR images of bone marrow requires an understanding of the anatomy, physiology, distribution, 

and conversion patterns.Osteonecrosis is thought to occur as a result of bone marrow oedema, presence its first 

manifestation in the femoral head, knee, clivus and vertebrae. Such changes can also present in the condylar 

head leading to pain and marrow changes. Larheim et al
8
, in their study of core biopsies of the mandibular 
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condyle, confirmed the existence of mandibular condyle bone marrow oedema and osteonecrosis in the 

temporomandibular joint (TMJ). Their results suggested that osteonecrosis can affect the mandibular condyle 

and oedema may be a precursor for osteonecrotic development among temporomandibular disorder (TMD) 

patients.   

The SI changes in the TMJ such as the mandibular condyle bone marrow in chronic anemia patients, 

which can be a precursor for osteonecrosis, have not been adequately documented. Moreover, there is no 

sufficient data to study the SI changes of the TMJ disc among anemia patients.  

 

II. Materials And Method 
This study is an observational study conducted from the Department Of Oral Medicine And Radiology, 

Meenakshi Ammal Dental College in Chennai, in co-ordination with inpatients from the Department Of 

Hematology and Department Of Internal Medicine, the imaging were carried out from the Barnard  

Institute Of Radiology at Rajiv Gandhi Government General Hospital in Chennai.   

Based on the inclusion and exclusion criteria the subjects were selected for this study. Following an 

informed consent, a brief clinical history, TMJ screening questionnaire and anaemia screening questionnaire 

were taken. This was followed by clinical and oral examination, following which haematological values were 

recorded and then they were subjected to MR imaging of the TMJ bilaterally.   

T1-weighted image were imaged using a MR scanner with a magnetic field of 1.5 Tesla using a dual 

cone surface head coil with a diameter of 6-12 cm. The imaging sequence included both coronal and sagittal 

plains. T 1-weighted images were acquired with a repetition time (TR) = 400 ms, eco time (TE) = 15 ms, eco 

train length (ETL) = 10, 192 x 256 matrix, 3 mm slice thickness, number of excitations (NEX) = 2 and a field of 

view (FOV) = 197 mm.   

 

Inclusion Criteria  
1. This study includes the subjects with age above 30 years and bellow 50 years.  

2. The study group should have haemoglobin percentage less than 10 mg/dl.  

3. This study includes both the genders.  

 

Exclusion Criteria  
1. This study excludes the subjects with any TMJ degenerative disorders.  

2. This study excludes the subjects with prior surgical interventions in TMJ.  

3. This study excludes subjects with an age group less than 30 years and above 50 years.  

 

The imaging of temporomandibular joint to evaluate disc signal intensity and condyle bone marrow 

were carried out in anaemia patients. It revealed changes in the joint structures like condyle, articular disc, 

capsule and its contents. Forty joints of twenty known anaemia patients revealed significant changes in the joint. 

The age range of the study group was between thirty to fifty years (mean age is 39.1 years). The subjects were 

selected based on a detailed evaluation. Both paediatric and geriatric age group were excluded from the study. 

The haemoglobin percentage was less than 10mg/dl among the subjects. Efforts were also taken to exclude 

subjects with any known temporomandibular joint degenerative disorders and past surgical intervention of 

temporomandibular joint. Of the twenty patients, forty five percent were anaemic secondary to systemic 

diseases; twenty-five were diagnosed with aplastic anaemia, twenty percent with bleeding disorders and patients 

with megaloblastic anaemia constitute the remaining ten percentage. The control group consists of twenty joints 

of ten patients, with a mean age of 37.2 years. They were apparently healthy with haemoglobin levels more than 

10 mg/dl. 

 

III. Results: 
Magnetic resonance images of various structures within the temporomandibular joint were evaluated 

with a focus on condyle bone marrow, anterior and posterior band of the disc. The study revealed a mean 

mandibular condyle bone marrow (MCBM) value as 234.11. The anterior band of the disc pronounced a value 

of 91.96 and posterior band exhibited 116.67 respectively. The control group showed a mean MCBM value as 

330.38. The anterior and posterior bands of the disc were valued at 112.55 and 115.67. The results of this study 

were subjected to a statistical analysis by employing student’s independent T test, to evaluate the various MR 

changes using SPSS (statistical package for social seience) software. The analysis showed statistically 

significant changes involving the mandibular condyle bone marrow  (P value < 0.001), anterior band (P value < 

0.036) and less significant in relation to the posterior band (P value < 0.885) (Table 1).  
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DISC SIGNAL AND CONDYLE BONE MARROW INTENSITY OF TEMPOROMANDIBULAR 

JOINT AMONG ANAEMIA PATIENTS  

 
 

MA – Megaloblastic Anaemia; AA – Aplastic Anaemia; CA- Carcinoma; GI – Gastrointestinal; MCBM – 

Mandibular Condyle Bone Marrow; AB – Anterior Band; PB – Posterior Band; SI – Signal Intensity.  

 

DISC SIGNAL AND CONDYLE BONE MARROW INTENSITY OF TEMPOROMANDIBULAR  

JOINT – CONTROL GROUP 
     MRI-TMJ SI  

S.No 
 

Name  
 

A/S  
 

Haemoglobin 

Gms/dl  
 

 RT-SIDE  LT-SIDE  

MCBM  TMJ Disc  
- AB  

TMJ Disc  
- PB  

MCBM  TMJ 

Disc  

- AB  

TMJ Disc  
- PB  

1  CHRISTY  32/F  11.50%  378.2  126.3  141.3  419  129  134.1  

2  DHANALAKSHMI  36/F  14.20%  352.3  127.8  172.9  290  122.8  160.3  

3  VASUKI  32/F  12.60%  318.6  116.6  126.8  279.7  118.2  117.3  

4  MUTHURISHNA  48/F  13.40%  307  95.3  81.5  386.1  146.7  94.9  

5  SRUTI  30/F  11.30%  239.7  110.3  113.9  383  116.8  111.7  

6  MANOHAR  45/M  14.30%  307  95.3  81.5  386.1  146.7  94.9  

7  SENTHILVEL  41/M  14.20%  274.3  114.6  85.1  337.5  123.2  160  

8  SNMUGAVADIV  30/F  11.20%  270.6  91.9  81.5  370.4  71.5  112  

9  GEETHA  32/F  11.20%  222.7  110.8  119.9  406.9  111  147.4  

10  GIRIJA  46/F  12.20%  319.5  99.4  71.4  358.9  76.8  104.9  

 

MCBM – Mandibular Condyle Bone Marrow; AB – Anterior Band; PB – Posterior Band; SI – Signal Intensity.  

 

TABLE 1 
 

Variable  Study group  
Mean ± SD n= 40  

Control group  
Mean ± SD n = 20  

t - value  P – Value  

MCBM  234.11 ± 72.24  330.38 ± 56.20  5.215  < 0.001  

TMJ Disc - AB  99.96 ± 22.13  112.55 ± 19.84  2.148  < 0.036  

TMJ Disc - PB  116.67 ± 22.69  115.67 ± 29.73  0.145  < 0.885  
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GRAPH1 

 
 

To detect marrow abnormalities on MR images, an understanding of the normal temporal patterns of 

red and yellow bone marrow is important. The composition of marrow varies with age. At birth and throughout 

early childhood marrow is predominantly haematopoietic. With ageing, haematopoietic marrow is gradually 

converted to yellow bone marrow. Conversion of marrow from the red to the yellow form begins in the 

peripheral skeleton and progresses centrally. In healthy subjects, red marrow is almost completely converted to 

yellow marrow during the first and second decades of life.  Rates of conversion vary within particular regions of 

axial skeleton. The normal conversion in the mandible follows a well-defined sequence first seen in the mental 

region early in childhood, then in the body, the ramus and finally the condyle. The rate of conversion from red 

to yellow in the mandibular condyle is 60% until 15 years of age and 100% at 30 years 
60

.   

In a recent study, it was found that MR signal conversion from red to yellow marrow was almost 

complete by 15 years of age. The mean age of our study group was 39.1 years; for the control group, it was 37.2 

years. It can be suggested that the age-related bone marrow conversion was completed in both the study and 

control groups and hence the conversion process does not play a role in altering the signal intensity in this study. 

In adults, reconversion of yellow to red marrow occurs in pathological states such as anaemia, or infiltrative 

marrow disorder, when the demand for blood cell production exceeds the existing marrow’s ability to 

manufacture these products. Reconverted bone marrow appears as diffuse or focal areas of diminished SI on T1 

weighted images and exhibits a variable appearance on T2 weighted images 
61

. Numerous studies have 

investigated the bone marrow reconversions of the vertebrae, femur, pelvis and knee in the settings of 

haematological malignancy, chronic anaemia and osteomylities using the various signal characteristics of the 

marrow on T1 and T2 weighted sequences, chemical shift imaging and fat suppression techniques. However, no 

such studies are documented to evaluate the marrow changes of TMJ in systemic diseases. Recent studies on the 

TMJ have focused on bone marrow alterations (oedema, osteonecrosis) in the mandibular condyle and 

investigated their relationships with age, joint pain and effusion 
62

. Most of these studies stated that bone 

marrow oedema is closely related to internal derangement, osteoarthrosis and effusion. They also reported that 

oedema may be a precursor for osteonecrosis in the mandibular condyle, and suggested that osteonecrosis might 

be a separate entity and primarily a bone marrow disease
63

.   

The present study is, to the best of our knowledge, the second that reports the bone marrow signal 

intensity evaluated in the mandibular condyle and TMJ disc on MR images in a series of chronic anaemia 

patients. The first study was done by K Orhan et al
59

 (2006) in MRIs of 18 patients with chronic anaemia and 

was compared with 12 healthy subjects. The SI of MCBM and the TMJ disc were quantitatively evaluated. In 

accordance with this study, our study also had the mean MCBM SI lower in anaemia patients than in healthy 

subjects (P < 0.001). However, no statistically significant data were found between the groups with respect to 

the posterior band, whereas the mean SI value of the anterior band in the study group was significantly lower 

than in healthy subjects (P < 0.036).    

Fewer studies have been reported to evaluate the MR imaging characteristics of cranial bone marrow 

among adult patients with underlying systemic disorders and compared with healthy subjects
64

. They graded 

calvarial and clival bone marrow SI. Their analyses identified CBM as hypointense to white matter and gray 
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matter. Yildirim et al
65

 also investigated CBM SI and its thickness among anaemia patients. Their results also 

proved the CBM intensity was much lower among the study group when compare to the controls and proved 

that there was no co-relation between the age and the signal intensity both in the study and control group. From 

the previous studies, it was shown that anaemia has an effect of chronic haemolysis on vascular bed function. 

Haemolysis results in the release of free haemoglobin, which scavenges nitric oxide by oxidizing it to nitrate 

and in release of red blood cell arginase, hence limiting nitric oxide bioavailability and its action. At the same 

time, free haemoglobin catalyses the formation of reactive oxygen species that cause direct oxidate damage to 

the cellular structure
66

.  

One possible explanation for high SI in posterior band could be the presence of various blood vessels in 

the posterior disc attachment, which extend through the posterior band into the intermediate zone of the disc. 

The effect of anaemia in these vessels might cause the lower SI values in the patient group. Previous studies 

found that the posterior band of the disc has vascularity, and this vascularity can be affected by internal 

derangements. In a study, Orhan et al
67

 found that the posterior band SI increased significantly with the progress 

of internal derangement. The SI of the posterior bands was found to be higher than that of the anterior bands in 

the internal derangements. The authors explained this finding as the volume density of blood vessels being 

significantly higher in patients than healthy individuals. Blood vessels and connective tissue at the posterior 

band of the discs may account for the increased signal intensity of the posterior band. This finding was also 

supported by the other previous studies, which reported on the histological features of TMJ disc in 

asymptomatic and symptomatic patients 
68

. Kurita et al
69

 reported a proliferative layer of fibrous connective 

tissue in the inferior–anterior part of the thickened posterior band of the patient’s surgically removed discs.  

Kurita et al also reported about blood vessels that were located at the posterior band of the disc and 

surrounded by a high density of fibroblasts
70

. Paegle et al
71

 found blood vessels in the posterior disc attachment, 

which extended relatively frequently through the posterior band into the intermediate zone of the disc in 

symptomatic patients. Recently, Chiba et al
72

 concluded that high SI in their study in the posterior disc 

attachment may be consistent with the increased vascularity. Thus, our study also proved that the increased 

vascularity of posterior band has given increased SI in both study and control group. Whereas the anterior disc 

with less vascularity had even more reduced vascularity in anaemia patients and expressed reduced SI than 

normal subjects.   

 

IV. Conclusion 
Magnetic resonance images of various structures within the temporomandibular joint were evaluated 

with a focus on condyle bone marrow, anterior and posterior band of the disc. The study results showed 

statistically significant changes involving the mandibular condyle bone marrow (P value < 0.001), anterior band 

(P value < 0.036). However, a positive correlation with a significant P value was not evident in respect to the 

posterior band. Hence, a large population and follow-up studies must be addressed to evaluate this relationship 

and additional studies need to be conducted about comparisons of the bone marrow SI changes within groups, 

including TMJ internal derangement and chronic anaemia together, to ascertain how these findings can be useful 

in terms of clinical application.  
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