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Abstract. In  six cases o f  g ian t  cell t u m o r  the m a g -  
net ic  r e s o n a n c e  ( M R )  images  o b t a i n e d  wi th  var -  
ious  pulse  sequences  a n d  field s t rengths  were  c o m -  
p a r e d  to the c o r r e s p o n d i n g  c o m p u t e d  t o m o g r a p h y  
(CT)  scans a n d  p la in  r o e n t g e n o g r a m s .  M R I  was  
super io r  to  C T  a n d  p la in  films in d e m o n s t r a t i n g  
areas  o f  t issue i n h o m o g e n e i t y  wi th in  the t u m o r  as 
welt as sof t  t issue extension.  C T  was  super io r  in 
d e m o n s t r a t i n g  cor t ica l  th inning.  M u l t i p l a n a r  imag-  
ing capab i l i ty  a nd  v i sua l iza t ion  o f  a r t icu la r  cart i-  
lage m a y  d e m o n s t r a t e  in t r a -a r t i cu la r  t u m o r  spread.  
The  charac te r i s t i c  M R I  f indings  wi th  sho r t  T R / T E  
( T l - w e i g h t i n g )  a n d  long  T R / T E  (T2-weight ing)  are  
descr ibed.  W e  also descr ibe  one  case where  serial 
M R  scans were  used to  assess r e sponse  to  the rapy .  
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A l t h o u g h  it is relat ively new,  m a g n e t i c  r e s o n a n c e  
i m a g i n g  is b e c o m i n g  an  i m p o r t a n t  m o d a l i t y  in the 
e v a l u a t i o n  o f  diseases o f  the muscu loske le t a l  sys- 
tem. M R I ' s  m u l t i p l a n a r  capabi l i ty ,  excellent  sof t  
t issue con t ras t ,  a nd  lack  o f  side effects have  con-  
t r ibu ted  to  its effect iveness in eva lua t ing  b o n e  tu- 
mors .  M R I  is useful  in de t e rmin ing  the extent  o f  
m a r r o w  a n d  jo in t  i n v o l v e m e n t  a nd  sof t  t issue ex- 
tension.  Because  o f  its super io r  sof t  t issue con t ras t ,  
M R I  is the best  m o d a l i t y  fo r  d e m o n s t r a t i n g  t issue 
i n h o m o g e n e i t y .  I t  can  also be used to  fo l low pa-  
t ients af ter  r a d i a t i o n  the rapy .  W e  have  p e r f o r m e d  
M R I  in six pa t ien ts  wi th  g ian t  cell t u m o r s  us ing 
a va r ie ty  o f  m a g n e t i c  field s t reng ths  a~ad pulse  se- 
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quences .  W e  c o m p a r e  the mer i t s  o f  M R I  to  those  
o f  C T  a n d  p la in  fi lms in these six cases. 

Material and methods 

The authors have studied six patients with giant cell tumors. 
The patients ranged in age from 18 to 61 years; five were be- 
tween 18 and 38. Four were females. Three of the lesions were 
around the knee, one was in the femoral neck, one was in 
the distal ulna, and one was in the sacrum. Plain films were 
available for comparison in all cases, and five patients had CT. 
Arthrography was available in one of the cases. Three patients 
were studied on a Fonar 0.3 Tesla resistive magnet, two were 
studied with a GE 0.13 Tesla resistive magnet, and one was 
studied with a GE 1.5 Tesla superconductive magnet. Body 
coils and a 256 x 256 matrix were used in all cases. Slice thick- 
nesses, slice intervals, anatomic planes and pulse sequences are 
listed in Table 1. 

Case reports 

The radiological studies of three patients (4-6) were sent to 
us for review from other institutions. These cases were proven 
by biopsy, but the details of their clinical histories were not 
available. Therefore, only the radiological findings are de- 
scribed. 

Case 1 

An 18-year-old female presented with left knee pain after a 
sports injury. Radiographs revealed a classic giant cell tumor 
of the distal femur with a pathological fracture. The tumor 
extended to the subchondral bone (Fig. 1A). CT showed 
marked cortical thinning and minimal expansion (Fig. 1 B). 
MRI showed replacement of the marrow by a tumor corre- 
sponding in size to the plain film abnormality (Fig. 1 C). The 
sagittal and coronal images demonstrated no evidence of intra- 
articular extension. After healing of the fracture, the patient 
was treated with local curettage and bone grafting. Arthrogra- 
phy prior to surgery confirmed lack of joint involvement. The 
patient's postoperative course was uneventful. 

Case 2 

A 28-year-old male presented with a 5-month history of left 
groin pain following a "pulled groin muscle". Analgesics and 
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Table 1. Summary of the technical factors utilized in MR studies of each case 

Case Field strength Slice thickness/interval Plane Pulse sequences 
(T) (ram) (TE/TR, TI/TR-ms) 

1 0.3 9/1 Axial SE 28/500, 28/2000, 56/2000 
4/3 Sagittal SE 28/500, 28/2000 
4/3 Coronal SE 28/556 

2 0.3 9/1 Axial SE 28/500, 56/2000 
4/3 Sagittal SE 28/500 
4/3 Coronal SE 28/500 

3 0.3 9/1 Axial SE 28/1000, 28/1500, 28/2000 
IR 110/1500, 310/1500 

Sagittal SE 28/1000 

4 0.13 9/1 Axial SE 12/150 
Coronal SE 12/150 

5 0.13 5/7 Coronal SE 13/144 

6 1.5 N/A Axial SE 25/400 
Coronal SE 25/400, 40/2500, 80/2000 

heat failed to alleviate the pain, and it grew progressively worse. Case 5 
Radiographs of the pelvis demonstrated a lytic lesion of the 
left femoral neck with a pathologic fracture (Fig. 2A). CT 
showed thinning and erosion of the bony cortex, but no evi- 
dence of soft tissue invasion. The MR assessment of the tumor's 
extent corresponded to the CT and plain film findings 
(Figs. 2C, D). The patient underwent a percutaneous needle 
biopsy of the femoral neck that revealed a giant cell tumor. 
He elected to have resection of the lesion with replacement 
by a femoral head prosthesis. His postoperative course was 
unremarkable. Case 6 

Case 3 

A 25-year-old woman presented with low back pain and bilater- 
al sciatica which progressed over 4 months to incontinence and 
motor weakness. Past medical history was negative. On physical 
examination she had occult blood in the stool and hemoglobin 
was 9.5 gin. Plain films of the pelvis demonstrated a huge de- 
structive mass involving both sides of the sacrum, L5, and both 
iliac bones (Fig. 3A). CT showed that most of the sacrum was 
destroyed, and massive anterior soft tissue extension had dis- 
placed the rectum. The MR images demonstrated a massive 
tumor invading the soft tissues and bone, and both contained 
some areas of heterogeneous signal intensity (Figs. 3 B, C). An 
emergency lumbosacral decompression was performed, and 
biopsy at the time of surgery demonstrated giant cell tumor. 
The patient was treated with 5000 rads to the lumbosacral area. 
She developed weakness and recurrence of incontinence 
10 months after therapy and required an additional 5000 rads. 
Serial MR scans since therapy have shown some increasing 
signal heterogeneity attributed to postradiation fibrosis, but no 
real change in tumor size (Fig. 3 D). 

Case 4 

The plain films in this 61-year-old female showed a well-circum- 
scribed lytic lesion in the lateral proximal right tibia (Fig. 4A). 
CT revealed no evidence of cortical breakthrough or soft tissue 
extension (Fig. 4B). The MR scan demonstrated an intramed- 
ullary tumor of the same extent shown on CT and plain films 
(Fig. 4 C). 

The plain films in this 24-year-old female showed an ill-defined 
lesion of the lateral aspect of the proximal right tibia (Fig. 5 A). 
CT demonstrated prominent soft tissue extension with oblitera- 
tion of the cortical margin (Fig. 5 B). The extension of the tu- 
mor into the soft tissue was more clearly seen on the MR images 
(Fig. 5 C). 

Plain films showed that this 38-year-old male had a well-circum- 
scribed lytic lesion of the distal left ulna (Fig. 6A). The ulnar 
styloid process was spared, and there was no evidence of corti- 
cal breakthrough. MRI corroborated the plain film findings 
of tumor extent (Fig. 6B). CT was not performed in this case. 

Results 

All modalites showed a similar intraosseous extent 
of  tumor in all cases. In four cases, the tumor was 
well-circumscribed, and in two cases (3,5) there 
was prominent soft tissue invasion and cortical 
bone destruction. In each well-circumscribed case, 
with Tl-weighted sequences, the tumors showed 
homogeneous diminished signals when compared 
to those from adjacent uninvolved marrow, an in- 
dication of  prolonged T1 values (Figs. 1 C, 2C, 4C, 
6B). In all cases with T2 weighting, signals were 
isointense or hyperintense as compared to those 
from normal marrow indicating prolonged T2 
values in the tumors (Figs. 1 D, 2D). In case 3, 
there were areas of  both high and low signal inten- 
sity on the T2-weighted images (Fig. 3 C). In the 
first case, an intermediate pulse sequence SE (TE28, 
TR2000), neither predominantly T1- nor T2- 
weighted, produced a tumor signal which was in- 
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Fig. 1 A-D. A Plain film with typical appearance of giant 
cell tumor extending to subchondral bone in distal femur. 
B CT showing cortical thinning, erosion (arrowhead), and 
sclerotic margin between tumor and normal marrow 
(arrow). C Coronal T1 (TE28, TR500) with some motion 
artifacts demonstrates hypointense tumor and intact 
subchondral  cortex (arrow). D Axial T2 MRI  (TE56, 
TR2000) showing hyperintense tumor, poorer 
demonstrat ion of cortical erosion than CT (arrowhead), 
and partial low signal margin (arrow) 
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Fig. 2A-D. A Plain film shows a pathological fracture (arrowhead) in this femoral neck lesion. B CT showing marked cortical 
thinning and reactive sclerosis at margin (arrow). C Axial T1 MRI (TE28, TR500) showing low signal tumor and lower signal 
margin (arrow). D T2-weighted image (TE56, TR2000) better demonstrates the low signal margin than Tl-weighted image (arrow), 
which corresponds to reactive sclerosis on CT 

termediate in brightness between the T1 and T2 
weighted images. In four cases (1, 2, 4, 6), the tu- 
mors were separated from the adjacent uninvolved 
bone marrow by a thin rim of low signal intensity 
similar to that of  the cortical bone (Figs. 2D, 4C). 
In the two cases with extensive soft  tissue spread, 
such low signal margins were not apparent. As one 
would expect, this feature was best seen on T2- 
weighted images owing to increased contrast be- 
tween the brighter signal tumor and the low signal 
band (Fig. 2D). 

Discussion 

Before the advent of  MRI, CT and arthrotomogra- 
phy were the best-known radiologic modalities for 
demonstrating soft tissue or intra-articular inva- 
sion by giant cell tumors [6, 8]. Due to their highly 
vascular nature, angiography has also been used 

before surgery to evaluate tumor size, soft tissue 
extension, and relationship with major vessels [5]. 
There are several reports concerning the role of 
MRI in evaluating bone tumors in general [1, 3, 
7, 9, 10]. There is only one report (covering four 
cases) specifically dealing with MR imaging of 
giant cell tumor [2]. 

Zimmer et al. [10] consistently demonstrated 
significantly longer T1 and T2 relaxation times in 
a wide variety of  skeletal neoplasms regardless of 
their benignity or malignancy. Therefore, these neo- 
plasms produce lower signals on Tl-weighted im- 
ages and higher signals on T2-weighted images rel- 
ative to the signal of  normal marrow. In our cases, 
we also noted that tumor produced a lower signal 
relative to normal marrow on Tl-weighted images 
regardless of the pulse sequence or field strength 
used. On the T2-weighted images, we found that, 
depending on the degree of T2 weighting, signals 
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Fig. 3A-D. A Plain film demonstrating 
large destructive lesion of sacrum with 
soft tissue mass in pelvis. B Sagittal MRI 
(TE28, TR1000) demonstrating invasion 
of L5, intact intervertebral disc at L4~ 
L5, and large pelvic tumor with mixed 
intensity pattern. C Axial T2 MRI 
(TE56, TR2000) shows inhomogeneous 
areas of low signal within tumor (arrow). 
D Analogous axial T2 image (TE56, 
TR2000) following radiation therapy 
with more low signal areas than in 
Fig. 3 C 
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Fig. 4A-C.  A Plain fihn of tibial lesion with 
marginal sclerosis (arrows). B Coronal CT 
reconstruction demonstrating intact cortex and 
sclerotic margin (arrows). C Coronal T1 image 
(TEl2, TR150) shows low signal tumor with lower 
signal margin which is contiguous with intact 
cortex (arrows) 

were either isointense or hyperintense relative to 
marrow. Involvement of medullary bone is best 
seen on Tl-weighted images (Fig. 1 C) since the sig- 
nal intensity of tumor is almost equal to that of  nor- 
mal marrow fat on T2-weighted images (Fig. 1 D). 

Cortical invasion is best seen on T2-weighted 
images in which the normally black cortical bone 
may be focally replaced by higher intensity tumor 
(Fig. 1 D). With increased T2-weighting, the tumor 
signal brightens and tile level of  this contrast 
grows. However, CT remains dearly superior to 
MR for demonstrating subtle cortical destruction 
because MRI has (a)poorer  spatial resolution, 
(b) limited ability to demonstrate mineralized 
structures, and (c) increased motion artifact due 
to prolonged acquisition time, particularly with T2 
imaging. 

Due to its increased soft tissue contrast, MR 
is superior to CT in demonstrating extraosseous 
extension of tumor (Figs. 3 B, 5 C). Although mus- 
cle and tumor may have similar densities on CT, 
the inherent differences in T1 and T2 relaxation 
times between muscle and tumor can be demon- 
strated with MR. We did not demonstrate any dif- 
ference in signal intensity between intraosseous tu- 
mor and extraosseous extension. In Zimmer's se- 
ries, higher signals were found in those portions 
of  tumor in the surrounding soft tissues. Zimmer 

attributed the difference to the possible presence 
of low signal bone admixed with the tumor cells 
within the medullary cavity, while the extraosseous 
extension consisted of purely tumor cells. We feel 
that this claim requires histopathologic correla- 
tion. If this hypothesis is true, the lack of different 
signal intensities of bone and giant cell tumor may 
be due to the fact that the intraosseous and ex- 
traosseous lesions are composed purely of tumor 
cells without matrix production. 

In the three cases studied with coronal and/or 
sagittal imaging, the joint itself was thought to be 
free of tumor (Fig. 1 C). This lack of intra-articular 
spread was surgically confirmed in each case. The 
multiplanar imaging capability of MRI may prove 
to be useful in determining joint involvement, al- 
though the number of cases in this series is too 
small to yield a definitive conclusion. 

In four of our cases (cases 1, 2, 4 and 6) the 
margin of the tumor was partially or completely 
separated from the surrounding normal spongy 
bone by a band o f  low signal intensity. In all four 
cases, this band corresponded to an area of mar- 
ginal sclerosis of  varying thickness seen on CT and/ 
or plain films. In cases 3 and 5, where the tumors 
were radiographically more aggressive, this band 
of low signal was not present on MRI, nor was 
there a sclerotic margin on either the CT or plain 
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Fig. 5A-C. A Plain film with cortical destruction (arrow) and 
no reactive sclerosis. B Axial CT with cortical destruction and 
soft tissue spread (arrow). C Coronal T1 image (TEl3, TR144) 
demonstrating spread of low signal tumor into adjacent soft 
tissues (arrow) and lack of well-defined low signal margin (ar- 
rowhead) 

radiographs. Our series is too small to draw a defi- 
nite conclusion; however, since bony sclerosis is 
a host reaction against the tumor and correlates 
with a less aggressive radiographic appearance, a 
better prognosis might be predicted when the tu- 
mor is contained within this band of  low signal 
intensity. This sharp, smooth, well-defined border 
of  low signal has also been described in other os- 
seous tumors; however, no correlation has been 
made with the presence or absence of  bony sclero- 

sis. It has been concluded that this finding strongly 
suggests benignity, an explanation that concurs 
with our hypothesis [i 0]. 

In our series, the most radiographically aggres- 
sive tumor (case 3) demonstrated areas of  de- 
creased signal within the otherwise hyperintense 
tumor on T2-weighted images. This was most 
probably due to areas of  tissue inhomogeneity, a 
common finding in aggressive giant cell tumors [4]. 
These areas of  inhomogeneity were not visible on 
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Fig. 6A, B. A This distal ulnar tumor sparing the styloid 
process has a sclerotic margin proximally on plain film. 
B Coronal TI image (TE25, TR400) showing hypointense 
tumor, low signal margin (arrow), and normal marrow in 
the styloid process 

the Tl -weigh ted  images. Areas o f  inhomogenei ty  
within tumors  have been a t t r ibuted to areas of  
hemorrhage  and /o r  necrosis in those sites which 
do not  conta in  tumor  calcification. Other  investi- 
gators  have concluded that  the presence o f  inho- 
mogeneities within a t umor  is a s trong indicat ion 
o f  mal ignancy [I0], and this concurs  with the ag- 
gressive nature  o f  our  case. 

Despite the good corre la t ion between sclerotic 
rim and areas o f  tissue inhomogenei ty  with the 
resul tant  M R  signal pat terns,  we quest ion the sig- 
nificance of  these findings in the case o f  giant cell 
tumor .  These tumors  are no tor ious  for their unpre-  
dictable clinical behavior  on the basis o f  their his- 
tology [4]. Fur the r  studies and longer clinical fol- 
low-ups would be required to determine the true 
value o f  these findings. Serial M R I  scans can pro-  
vide valuable in format ion  in assessing the response 
o f  a t umor  t reated with radia t ion  therapy  by serial 
scanning because they reveal increasing amounts  
o f  inhomogeneous  low signal intensity within the 
tumor  that  might  result  f rom pos t rad ia t ion  fibro- 

sis. It might  also be possible to detect decreasing 
t umor  bulk. In our  case 3, even though the tumor  
size has not  changed during one year since treat- 
ment  the T2-weighted images contain  more  low 
signal areas, a finding compat ible  with the develop- 
ment  o f  fibrosis. 

In managing giant cell tumors,  we conclude 
that  M R I  has some advantages over CT. However ,  
neither modal i ty  adds anything to plain films in 
establishing the diagnosis o f  giant cell tumor .  The 
role o f  M R I  seems to be limited to preopera t ive  
evaluat ion o f  t umor  extent,  and possibly, to fol- 
low-up o f  those exceptional  patients t reated with 
radiat ion therapy.  
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