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 The value of short inversion time inversion recovery (STIR) 
imaging in differentiating patients with aplastic anemia 
(AA) from those with myelodysplastic syndrome (MDS) 
was investigated. Thirty-nine patients with pancytopenia 
were diagnosed hematologically as having AA or MDS. 
These patients and 95 volunteers without hematologic disor-
ders were then examined with STIR imaging. Hyperintense 
posterior pelvis was present in 25 of the 29 patients with MDS, 
including 17 of the 19 patients with refractory anemia. In 
contrast, high intensity of the posterior pelvis was absent in 
8 of the AA 10 patients. High intensity of the femoral ele-
ments was present in 6 of the 8 patients with severe MDS and 
3 of the 19 patients with refractory anemia. High intensity in 
the femoral elements was absent in all 10 AA patients. STIR 
imaging was useful in differentiating patients with AA from 
those with MDS.

Introduction 

 The signal intensity observed with magnetic resonance 
(MR) imaging of the bone marrow reflects hematopoietic 
function and cellularity1. Findings of normal marrow 
conversion and bone marrow disease using standard spin 
echo sequences have been well described'-". Short inversion 
time inversion recovery (STIR) detects and characterizes 
hematopoietic disorders 11_.. To our knowledge, only one 
report regarding normal marrow conversion investigated 
by STIR has been published". In the present study, we 
determined the marrow signal intensity (MSI) pattern of 
the pelvis and femora in normal adults using STIR and 
investigated the potential value of STIR imaging in 
differentiating patients with aplastic anemia (AA) from 
those with myelodysplastic syndrome (MDS).

Materials and Methods 

 Ninety-five volunteers were investigated by MR imag-
ing. There were 41 men, ranging in age from 25 to 67 years 
(mean, 43.7 years), and 54 women, ranging in age from 25 
to 69 years (mean, 43.7 years). They had no evidence of

disease that could affect marrow conversion and showed 
normal results of complete blood counts. Histological 
confirmation was not available in these volunteers. 

 The MR findings of 39 patients, 10 with severe AA and 
29 with MDS, were retrospectively reviewed. Pathological 
diagnosis was made by bone marrow biopsy of the sternum 
in all patients. The AA patients were 5 men and 5 women, 
ranging in age from 17 to 70 years (mean 51.4 years). The 
MDS patients were 15 men and 14 women raging in age 
from 16 to 75 years (mean, 50.7 years). Among the 29 

patients with MDS, 19 were diagnosed as having refrac-
tory anemia (RA), 2 had RA with ringed sideroblasts 
(RARS), 5 had RA with excess of blasts (RAEB), 1 had 
RAEB in transformation (RAEB-T), and 2 had chronic 
myelomonocytic leukemia (CMMoL), according to the 
French-American-British group classification (Table 1)18 . 
Six patients with AA (cases 2, 4-7, and 9) and 8 patients 
with RA (cases 13-17, 21, and 25) had been treated prior to 
MR examination. 

 All MR studies were performed using a 1.5-T unit 
(Signa ; GE Medical Systems, Milwaukee, WI, USA). 
These studies included coronal STIR imaging [2000/20/ 
160/2 (repetition time/echo time/inversion time/excita-
tions)], using 5 mm section thickness with a 2.5 mm 
intersection gap and a field of view of 35 cm with a matrix 
of 256*128. 

 The pelvis and femora were divided into eight anatomi-
cal regions : the pubis, anterior ilium, posterior ilium, 
ischium, acetabulum, femoral neck, intertrochanteric 
region, and proximal femoral diaphysis. The epiphyseal 
cap of the femur was not evaluated in this study. A 
coronal section through the center of the femoral heads 
was used to divide the ilium into the anterior and the 

posterior. 
 A visual evaluation of the MSI pattern in each region 

was then made. The MSI patterns on STIR images were 
divided into four grades according to the following crite-
ria : grade H-d, diffuse high intensity, hyperintense or 
isointense relative to adjacent muscles ; grade H, focal 
high intensity foci, hyperintense or isointense relative to 
adjacent muscles; grade M, focal intermediate intensity



Table 1. Clinical diagnosis and marrow signal intensity in the patients with aplastic anemia and myelodysplastic syndrome 

                                                  Marrow Signal Intensity                                                                                               Th
erapy   C

ase/Age/Sex Type of Disease 
Ant Femoral Femoral prior to MR 

                                      . Pelvis Post. Pelvis El
ements Diaphysis 

    1/17/F AA M M M H N.D. 

    2/17/F AA H L L L Done 

    3/41/M AA H L L L N.D. 

    4/54/M AA H H L H Done 

    5/58/M AA L L L L Done 

    6/59/F AA H H L H Done 

    7/65/F AA L L L L Done 

    8/66/F AA L L L H N. D. 

    9/67/M AA L L L M Done 

   10/70/M AA L L L L Done 

    11/16/F RA H-d H-d H H N. D. 

    12/16/F RA H H L H N. D. 

    13/17/F RA H-d H L H N. D. 

    14/23/F RA H-d H-d L M Done 

   15/31/F RA L L L H Done 

    16/34/F RA H H-d L H-d Done 

   17/39/M RA H H L H-d Done 

   18/39/M RA H L L H Done 

   19/45/F RA H H L L N.D. 

    20/55/F RA H-d H L L N. D. 

   21/58/M RA H H H H N. D. 

   22/58/F RA L H L H Done 

   23/62/M RA M H L H N.D. 

   24/63/M RA H H L H-d N. D. 

   25/67/M RA H H L M Done 

   26/67/M RA H H L L N.D. 

   27/69/F RA H H L H Done 

   28/70/F RA H H L H N.D. 

   29/75/M RA H H L H N. D. 

   30/55/M RARS H H L H-d N. D. 

   31/73/M RARS H-d H-d H H-d N. D. 

   32/55/M RAEB M M L H-d N. D. 

   33/57/F RAEB H H M H N. D. 

    34/62/M RAEB H-d H-d H-d H-d N. D. 

   35/63/M RAEB H H-d H-d H-d N. D. 

    36/67/F RAEB H-d H-d H-d H-d N. D. 

   37/62/M RAEB-T M M H H N.D. 

    38/21/M CMMoL H-d H-d H-d H-d N.D. 

    39/50/F CMMoL H-d H-d H-d H-d N. D. 

1) Anterior pelvis = anterior ilium and pubis 
2) Posterior pelvis = posterior ilium, ischium, acetabulum 
3) Femoral elements = femoral neck and intertrochanteric region of the femur 
4) N.D. = not done



foci, hypointense relative to adjacent muscles, hyper-
intense relative to adjacent fat ; grade L, diffuse low 
intensity, isointense relative to adjacent fat (Fig. 1). 

 After the analysis of the loco-regional MSI patterns in 
the normal volunteers, the MSI patterns of the patients 
were compared with those of the normal volunteers. 
Finally, the MSI patterns in each anatomical region of the 

patients with AA were compared with those of the pa-
tients with MDS. Statistical analysis was done using the 
chi 2 test.

Figure 1. A 43-year-old male volunteer, short inversion time 
inversion-recovery (STIR) coronal images. (A) The anterior 
ilium and pubis show grade H. (B) The posterior ilium, 
acetabulum and intertrochanteric region of the femur show 
grade M, the proximal femur shows grade H, and the femo-
ral neck shows grade L.

Results 

 The loco-regional MSI patterns in the male and female 

volunteers are shown in Figs. 2 and 3, respectively. The 
eight anatomic regions were classified into four groups on 
the basis of MSI pattern : anterior pelvis (anterior ilium 
and pubis), posterior pelvis (posterior ilium, ischium, and 
acetabulum), femoral elements (femoral neck and inter-
trochanteric region), and proximal femoral diaphysis. 

 In the normal male subjects, grade H-d was not present 
in any region. Grade H was present in 17 of the 41 images 
of the anterior pelvis, and 3/41 of the posterior pelvis. 
Grade H was absent in the femoral elements. Grade M was 

present in 24 of the 41 images of the anterior pelvis, 38/41 
of the posterior pelvis, and 35/41 of the femoral elements. 
Grade L was present in the femoral elements only ; 4/41 of 
the intertrochanteric region and 29/41 of the femoral neck. 
Grade L was absent in the anterior and posterior pelvis. 

 In the normal female subjects, grade H-d was present in 
6 of the 54 images of the anterior pelvis and was absent in 
the posterior pelvis and femoral elements. Grade H was 

present in 33/54 of the anterior pelvis, 22/54 of the poste-
rior pelvis, and 8/54 of the femoral elements. Grade M was 

present in 15/54 of the anterior pelvis, 32/54 of the poste-
rior pelvis, and 46/54 of the femoral elements. Grade L 
was present 17/54 of the femoral neck only. There was 
significance in the incidence of grades H-d and H among 
the three regional groups in both genders (p<0.02); its 
incidence decreased in order the anterior pelvis, posterior 

pelvis, femoral elements.
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Figure 2. Loco-regional MSI patterns in male volunteers. 
The frequency (percentage of the total examinations) of 
grades H, M and L in each anatomic area is shown. Grade L 
was observed in the femoral neck and intertrochanteric 
region of the femur. Grade H-d was not observed in any 
anatomical area. 
ant. = anterior, post. = posterior, aceta. = acetabulum, 
intertro. = intertrochanteric region of the femur, neck = 
femoral neck, diaphysis = proximal femoral diaphysis.
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Figure 3. Loco-regional MSI patterns in female volunteers. 
The frequency (percentage of the total examinations) of 
grades H and M in each anatomic area is shown. Grade L 
was observed in the femoral neck. Grade H-d was observed in 
six subjects aged 35 years or younger in the anterior ilium 
and pubis, but they were classified together as grade H in this 
figure. 
ant. = anterior, post. = posterior, aceta. = acetabulum, 
intertro. = intertrochanteric region of the femur, neck = 
femoral neck, diaphysis = proximal femoral diaphysis. 

 The proximal femoral diaphysis of the normal male and 
female subjects was grade H or grade M. The incidence of 

grade H in this region was higher than that in the posterior 
pelvis and lower than that in the anterior pelvis, although 
not significantly so. 

 The clinical and MR findings in the patients with AA 
and MDS are summarized in Table 1. Although the grade L 
pattern was not observed in the pelvis of the normal 
volunteers, grade L marrow was seen in the pelvis of the 
patients: among the 10 patients with AA, 7 showed grade 
L in the pelvis (Fig. 4); of the 19 patients with RA, 3 
showed grade L pattern in the pelvis. The grade H marrow 
of the patients with RA was markedly heterogeneous in 
comparison with that of the normal subjects (Fig. 5). The 
signal intensity of the grade H-d and H marrow in the 

patients was much higher than that of the normal sub-
jects. Grade H-d marrow was present in 6 of the 15 female 
volunteers aged 35 or younger and in 15 of 29 patients with 
MDS. 

 In the posterior pelvis, the grade H-d and H patterns 
were present significantly more often in the patients with 
MDS (25/29) than in the patients with AA (2 of the 10) 
(p<0.05). The grade H-d/H marrow in the posterior pelvis 
was also present significantly more often in the patients 
with RA (17/19) than in patients with AA (2/10) 
(p<0.05). The grade L marrow in the posterior pelvis was 
present in 7 of the 10 patients with AA, but in only 2 of the 
29 patients with MDS (p<0.05).

Figure 4. STIR coronal images in a 58-year-old man with 
aplastic anemia (case 5). (A) The anterior pelvis (anterior 
ilium) and (B) the posterior pelvis (posterior ilium, ishium) 
show isointensity relative to adjacent fat (grade L) (not 
observed in normal volunteers). The femoral elements 
(intertrochanteric region of the femur) also show grade L.

 In the anterior pelvis, the grade H-d and H patterns were 
present in 4 of the 10 AA patients and in 24 of the 29 MDS 
patients including 16 of the 19 RA patients; no significant 
difference existed among these groups in this parameter. 

 In the femoral elements, the grade H-d and H patterns 
were present in 6 of the 8 patients with severe MDS 
(RAEB, RAEB-T, and CMMoL) but in only 3 of the 19 
patients with RA (Fig. 6) (p<0.05). Grade H-d and H 
patterns in the femoral elements was absent in all ten 
patients with AA. 

 In the proximal femoral diaphysis, the grade H-d and H 
pattern was present in 4 of the 10 AA patients and 24 of 
the 29 MDS patients (no significance). 

 One patient (case 15) with RA transformed from AA 
did not have grade H-d/H marrow in the pelvis.



Figure 5. STIR coronal images in a 55-year-old woman with 
refractory anemia (case 20). (A) The pubis shows grade H-d, 
and the right anterior ilium shows grade H. (B) The right 
posterior ilium and left ischium show grade H. The signal 
intensity of the grade H-d/H marrow is much higher than 
that of the adjacent muscle and is markedly hetrogeneous.

Discussion 

 The conversion of red to yellow marrow begins just 
before birth, and the marrow conversion progresses with 
age from the peripheral bones toward the central bones". 
The adult pattern of red marrow distribution is attained 
by the age of 25 years, and red marrow generally exists in 
the skull, vertebrae, ribs, sternum, pelvis and proximal 
femora and humeri. Red marrow is composed of about 
40% water, 40% fat, and 20% protein, while these propor-
tions in yellow marrow are about 15%, 80%, and 5%, 
respectively'. The relative ratio of water/fat is regarded 
as the major factor affecting MSI, but the influence of the

Figure 6. STIR coronal images in a 67-year-old woman with 
refractory anemia with excess of blasts (case 36). (A) The 
anterior pelvis (left anterior ilium, right pubis), and (B) the 
posterior pelvis (right posterior ilium, right acetabulum, 
bilateral ischium), femoral elements (bilateral intertrochan-
teric region of the femur), and right proximal femoral 
diaphysis show grade H-d.

protein component on MSI has not been clarified'. Since 
water shows high signal intensity and fat shows low signal 
intensity on STIR, red marrow (which is abundant in 
water) shows high signal intensity and yellow marrow 
(abundant in fat) shows low or asignal intensity on 
STIR". 
 The MSI of the normal pelvis using standard spin echo 

sequences has been well described, but reports regarding 
MSI classification using STIR have not been published". It 
is very interesting that in the present study, location-
related differences were observed in the incidence of the 
grade H-d and H marrow, and that the pelvic bones could



be classified into the anterior and posterior pelvis accord-
ing to its incidence. The MSI of the anterior pelvis was 
higher than that of the posterior pelvis on STIR images in 
this study, and this finding suggests that the bone marrow 
of the anterior pelvis is more abundant in water than is 
that of the posterior pelvis. In contrast, Dawson et al. 
reported that the MSI of the acetabulum and anterior 
ilium was higher than that of the posterior ilium on 
T1-weighted spin echo images, and their findings suggest 

that the bone marrow of the acetabulum and anterior 
ilium is more abundant in fat than is that of the posterior 
ilium3. Vogler mentioned that the MR appearance of bone 
marrow is dramatically influenced by the pulse sequence 
used'. Although the true cause of the disagreement be-
tween our data and Dawson's is not clear, this may be a 
reflection of the characteristics of the pulse sequences ; 
STIR imaging delineates water in the bone marrow and 
T1-weighted spin echo imaging delineates fat in it'. 

 AA and MDS are disorders of the stem cells and are 

characterized by pancytopeniala 28. The basic pathophysio-
logies of AA and MDS differ in that in AA, the marrow is 
unable to produce sufficient cells due to the reduction in 
the number of stem cells, and in MDS, the clonal increase 
in the number of the sick stem cells or atypical 
myeloblasts results in ineffective hematopoiesis. Our data 
using STIR imaging indicate that the MSI of the posterior 

pelvis is helpful for the differential diagnosis between AA 
and MDS : in the posterior pelvis, 7 of the 10 (70%) 

patients with AA had grade L marrow ; in contrast, grade 
L marrow was absent in 27 of the 29 (93%) patients with 
MDS. Grade H-d/H marrow of the posterior pelvis was 

present in 25 of the 29 (86%) MDS patients and in only 2 
of the 10 (20%) AA patients. These observations strongly 
suggest that the MSI reflects the histologic features of AA 
and MDS; marrow in AA is hypocellular and that in MDS 
is hypercellular. Although two patients with AA had grade 
H marrow, these patients had been treated at the time of 
the MR examination. This finding is considered to be a 
reflection of treatment effect. 

 In the femoral elements, 6 of the 8 patients with severe 
MDS (RAEB, RAEB-T, and CMMoL) had grade H-d/H 
marrow. In contrast, only 3 of the 19 patients with RA and 
none of the 10 AA patients had grade H-d and H marrow in 
these regions. The presence of grade H-d and H patterns in 
the femoral elements suggests the diagnosis of severe 
MDS, but the absence of those grades cannnot differenti-
ate AA from MDS. Our results are equivalent to those 
already published : it is difficult to diagnose MDS types 
accurately on the basis of MRI pattern'. The combination 
of the MSI of the posterior pelvis and that of the femur 
appears to be useful not only for the differentiation 
between AA and MDS but also for the diagnosis of severe 
MDS. 
 MDS patients usually have more hypercellular marrow 
with an increase in the numbers of both normal hemato-

poietic cells and atypical myeloblasts than do normal 
subjects. MDS with hypocellular marrow has recently been 
reported in the English-language literature-, '3031. Three of 
the MDS patients in the present study (cases 15, 18, and 
32) could not be diagnosed as having MDS according to the 
STIR findings; they did not show grade H-d/H marrow in 
the posterior pelvis and femoral elements. The absence of 
H-d/H marrow in the posterior pelvis may suggest that the 
marrow of the posterior pelvis is hypocellular. One MDS 

patient (case 15) suffered from RA that was tranformed 
from AA. The other two MDS patients (cases 18 and 32) 
might have had hypocellular marrow in the posterior 
pelvis; their biopsy specimens were obtained from the 
sternum, not the posterior pelvis. These paradoxical MR 
findings may be a reflection of the criteria of the French-
American-British category: MDS was classified on the 
basis of the percentage of the atypical myeloblasts in the 
bone marrow irregardless of the total bone marrow 
cellularity; MR imaging delineates the total bone marrow 
cellularity, of both the atypical myeloblasts and normal 
hematopoietic cells'. 

 In conclusion, grade H-d and H marrow of the posterior 

pelvis was present in 25 of 29 patients with MDS. In 
contrast, grade H-d and H marrow in this region was 
absent in 8 of 10 patients with AA. Since each disease 
clinically results in pancytopenia, these findings could be 
very helpful in differentiating between AA and MDS. 
Although 2 of the 10 patients with AA had grade H mar-
row in the posterior pelvis, this is probably a reflection of 
the increased cellularity after treatment. The MSI pattern 
in the posterior pelvis appears to be important in differen-
tiating patients with AA from those with MDS.

References 

1) Negendank W, Weissman D, Bey TM, et al. Evidence for clonal disease 
   by magnetic resonance imaging in patients with hypoplastic marrow 

   disorders. Blood 1991 ; 78: 2872-2879. 
2) Moore SG, Dawson KL. Red and yellow marrow in the femur ; 

   age-related changes in appearance at MR imaging. Radiology 1990; 
   175: 219-223. 

3) Dawson KL, Moore SG, Rowland JM. Age-related marrow changes in 
   the pelvis ; MR and anatomic findings. Radiology 1992; 183: 47-51. 

4) Ricci C, Cova M, Kang YS, et al. Normal age-related patterns of 
   cellular and fatty bone marrow distribution in the axial skeleton ; MR 

   imaging study. Radiology 1990; 177: 83-88. 
5) Mitchell DG, Rao VM, Dalinka M, et al. Hematopoietic and fatty 

   bone marrow distribution in the normal and ischemic hip ; new 
   observation with 1.5-T MR imaging. Radiology 1986; 161: 199-202. 

6) Weinreb JC. MR imaging of bone marrow : a map could help. 
   Radiology 1990; 177: 23-24. 

7) Kricun ME. Red-yellow marrow conversion : its effect of the location 
   of some solitary bone lesions. Skeletal Radiol 1985; 14: 10-19. 

8) Okada Y, Aoki S, Barkovich AJ, et al. Cranial bone marrow in child-
   ren : Assessment of normal development with MR imaging. Radiology 

  1989; 171: 161-164. 
9) Zawin JK, Jaramillo D. Conversion of bone marrow in the humerus, 

   sternum, and clavicle : changes with age on MR images. Radiology 
  1993; 188: 159-164. 

10) Richardson ML, Patten RM. Age-related changes in marrow



   distribution in the shoulder : MR imaging findings. Radiology 1994; 
   192: 209-215. 

11) Olson DO, Shields AF, Scheurich CJ, Porter BA, Moss AA. Magnetic 
   resonance imaging of bone marrow in patients with leukemia, aplastic 

   anemia, and lymphoma. Invest Radiol 1986; 21: 540-546. 
12) Lewis S, Wainscoat JS, Moore NR, Golding SJ. Magnetic resonance 

   imaging in myelodysplastic syndrome. BJR 1995; 68: 121-127. 
13) Cohen MD, Klatte EC, Baehner R, et al. Magnetic resonance imaging 

   of bone marrow disease in children. Radiology 1984; 151: 715-718. 
14) Amano Y, Hayashi H, Kumazaki T. Gd-DTPA enhanced MRI of 

   reactive hematopoietic regions in marrow. J Comput Assist Tomogr 
   1994; 18: 214-217. 

15) Ishizaka H, Kurihara M, Heshiki J, et al. MR imaging of the bone 
   marrow using short TI IR ; Part-2- Normal and pathological intensity 

   distribution of the bone marrow. Nippon Acta Radiologica 1989; 49: 
   128-133. 

16) Jones KM, Unger EC, Granstrom P, Seeger JF, Carmody RF, Yoshino 
   M. Bone marrow imaging using STIR at 0.5 and 1.5 T. Magnetic 

   Resonance Imaging 1992; 10: 169-176. 
17) Ishizaka H, Kurihara M, Heshiki J, et al. MR Imaging of the bone 

   marrow using short TI IR ; -Part 1- Normal and pathological 
   intensity distribution of the bone marrow. Nippon Acta Radiologica 
   1989; 49: 128-133. 

18) Bennett JM, Catovsky D, Daniel MT, et al. Proposals for the 
   classification of the myelodysplastic syndromes. Br J Haematol 1982; 

   51: 189-199 
19) Kinoshita, M. On the distribution of fatty marrow in the pelvic bones. 

   J Kyushu Hem Soc 1959; 9 : 359-384.

20) Vogler JB, Murphy WA. Bone marrow imaging. Radiology 1988 ; 168: 
   679-693. 

21) Custer RP, Ahlfeldt FE. Studies on the structure and function of bone 
   marrow. J Lab Clin Med 1932; 17: 951-962. 

22) Piney A. The anatomy of the bone marrow. Br Med J 1922 ; 2 : 792-795. 
23) Dunnill MS, Anderson JA, Whitehead R. Quantitative histological 

   studies on age changes in bone. J Pathol Bacteriol 1967; 94: 275-291. 
24) Emery JL, Follett GF. Regression of bone marrow haemopoiesis from 

   the terminal digits in the foetus and infant. Br J Haematol 1964 ; 10: 
   485-489. 

25) Hashimoto M. The distribution of active marrow in the bones of 
   normal adult. Kyushu J Med Sci 1960; 11: 103-111. 

26) Saito, T. A study on the distribution of fatty marrow in the bones of 
   the humann corpse trunk. J Kyushu Hem Soc 1955; 5 : 394-443. 

27) Snyder WS, Cook MJ, Nasset ES, Karhausen LR, Howells GP, Tipton 
   IH. Report of the Task Group on Reference Man. Oxford : Pergamon, 

   1974; 79-98. 
28) Atlas hitopathology of bone marrow. Shimanine T ed. Bunkoudo : 

   aplastic anemia, 1984, 193-198. 
29) Tanaka 0, Takagi S, Matsuura K, Ichikawa T, Kobayashi Y, Nagai J. 

   MR imaging findings of the femoral marrow in myelodysplastic 
   syndrome. Nippon Acta Radiologica, 1995; 55: 837-844. 

30) Fohlmeister I, Fischer R, Modder B, Rister M, Schaefer HE. Aplastic 
   anemia and the hypocellular myelodysplasia ; Histomorphological, 

   diagnostic and prognostic features. J Clin Pathol, 1985 ; 39: 1218-1224. 
31) Nand S, Godwin JE. Hypoplastic myelodysplastic syndrome. Cancer, 

   1988; 62 : 958-964.


