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Abstract. The purpose of  this study was to investigate 
technet ium-99m pertechnetate (Tc-99m) as a tumor- 
scanning agent in patients with extra-abdominal  fibro- 
matosis, and to establish the sensitivity o f  this type o f  
scintigraphy. Eleven patients with extra-abdominal  fibro- 
matosis were studied: all but one having postsurgical  
recurrences. Of  the 11 patients, diagnosed histologically, 
5 underwent  repeated Tc -99m scintigraphic fol low-up 
examinations.  The injected 370 MBq  Tc-99m gave us an 
early scint igram within 10 min and a delayed one 2 h la- 
ter. For adequate comparison,  the region of  interest 
(ROI) o f  the scint igram was placed over the tumor. The 
tumor- to-background (T/BG) count  ratio was computed.  
Extra-abdominal  f ibromatoses,  even recurrences, were 
demonstrated scintigraphically in both the early and the 
delayed phase, in all 11 patients. The average T /BG ratio 
was 2.11 in the early scintigram and 2.15 in the delayed 
one. The sensitivity and the specificity were both 100%. 
Tc -99m scintigraphy has proved useful in detecting ex- 
t ra-abdominal  f ibromatoses and in the fol low-up of  pa- 
tients. 

Key words: Diagnosis  - Scint igraphy - Soft  tissue tu- 
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Extra-abdominal  f ibromatosis  is a benign tumor but it is 
locally aggressive and recurrent [1-9].  Diagnosing local 
recurrence o f  this tumor  is a great problem, since no 
really adequate imaging procedure exists for it. The pur- 
pose o f  the present study was to investigate scintigraphy 
using technet ium-99m pertechnetate (Tc-99m) as a scan- 
ning technique in patients with this tumor, and to deter- 
mine its effectiveness [10]. 
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Materials and methods 

From March 1985 to May 1993 (a period of 8 years and 2 
months), 11 patients with extra-abdominal fibromatosis were stud- 
ied with Tc-99m scintigraphy. There were three male and eight fe- 
male patients, with an average age of 27 years (range 1443 
years). Histological diagnoses were determined by R.Y. (a consul- 
tant to the Bone and Soft Tissue Tumor Pathology Section of the 
Japanese Orthopedic Society) from surgical and/or biopsy speci- 
mens stained with hematoxylin and eosin. In addition to the rou- 
tine pathologic examination, both the vascularity and the cellulari- 
ty of the tumors were quantified using Yokoyama's method [9]. 
Briefly, the vascularity was quantified as follows. The number of 
slit-like blood vessels less than 20 ~m in caliber within an ocular 
micrometer grid (2.5x2.5 mm) was counted under low magnifica- 
tion (x40) with a light microscope. Vascularity of the tumor tissue 
was divided into three categories based on the number of slit-like 
blood vessels per 6.25 mm 2 (2.5x2.5 mm): low (less than 9 ves- 
sels), moderate (9-15 vessels), or high (more than 15 vessels). In 
the case of huge tumors, a mixed type of vascularity was ob- 
served, part moderate, part high. We classified this as moderate- 
high vascularity. 

The cellularity of the tumor was also divided into three catego- 
ries based on the number of fibroblastic cells, again low, moder- 
ate, and high, and again we classified a mixed type of cellularity 
as moderate-high cellularity. 

Magnetic resonance imaging (MRI) was performed in only six 
patients and showed eight lesions. MRI was performed using a 
1.5-T (MRT 200FX Toshiba, Tokyo) superconducting magnetic 
system and the multislice conventional spin-echo technique. Both 
Tl-weighted images (TR/TE: 600/15) and T2-weighted images 
(TR/TE): 2000/80) were obtained. The signal intensity of the tu- 
mor on T1- and T2-weighted images was graded relative to the 
intensities of muscle and fat. These MR images were evaluated by 
Y.M. in a retrospective study without knowledge of the scintigram 
results. 

Tumor size and number were determined clinically and/or by 
examination of the specimens. Of the 11 patients, one presented 
with a tumor without previous treatment while the other 10 pre- 
sented with a tumor that had recurred locally after one to several 
episodes of surgical treatment. Five out of 11 patients underwent 
consecutive scintigraphic follow-up studies using Tc-99m. A total 
of 22 examinations were carried out, from a minimum of twice to 
a maximum of five times per patient according to the characteris- 
tics of each case. 

Scintigraphy was performed in the following way. A dose of 10 
mCi (370 MBq) Tc-99m pertechnetate was administered intrave- 
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nously and scintigraphic images were recorded twice, the early 
scintigram 5-10 rain after the injection, the delayed scintigram 2-3 
h later, in order to evaluate the tumor vacularity. The collimator 
used was of the low-energy, parallel-hole type, and images were ac- 
quired with a 64x64 matrix for 5 rain per view in each scintigram. 
The early scintigram was then used for a whole-body study. The 
early and delayed scintigrams were compared in regard to the up- 
take of Tc-99m in the tumor. For a final judgement on the Tc-99m 
uptake in a tumor, we relied, as is our practice, on the delayed scin- 
tigram (to exclude the effect of vascularity). Scintigraphically, our 
follow-up assessments were based on the following conclusions: (1) 
if there was no Tc-99m uptake by the tumor after treatment, this in- 
dicated complete remission; (2) if there was no significant change 
in uptake on the scintigram, this indicated tumor persistence. 

For the quantitative evaluation, the counts of the image data of 
the spot images in a 64x64 matrix of the early and the delayed 
scintigrams were stored for 5 min per image in a data analysis 
computer. Tc-99m accumulates in the tumor and can be recorded 
on the scintigram. We considered two regions of interest (ROI) as- 
signed to each image; first, over the tumor area, and, second, over 
the normal soft tissue as the background. The ROI of the back- 
ground for both the early and the delayed scintigram remained the 
same. For each ROI, the average counts per pixel were determined 
by computer. 

The tumor-to-background count ratio was determined by di- 
viding the average per pixel counts of the tumor by the counts of 
the background. Finally, for statistical reasons, we compared the 
tumor-to-background tissue ratios (T/BG) of both the early and 
the delayed scintigram. 

Results 

From the initial scintigrams, 20 tumors were identified 
in the 11 patients (Table 1). These tumors varied in size 

as measured clinically and/or by specimen measurement,  
ranging f rom 0.8 to 25 cm (mean 5.2 cm). Five (45.5%) 
patients had a single lesion, 3 (27.3%) had two lesions of  
the same type, and the remaining three each had three le- 
sions. All o f  the 20 tumors were revealed as hot spots on 
the Tc -99m scintigram and all presented clear images;  
Tc -99m uptake in the tumor was registered in both the 
early and the delayed scintigrams (Figs. 1-3) and proved 
greater than the related background activity. 

There were two patterns of  Tc -99m distribution in the 
tumors in the early scintigrams. In 7 of  the 11 patients 
an even uptake in the tumor  was shown in both the early 
and the delayed scintigram, and the size o f  the accumu- 
lation did not change. In the other four patients a slight 
difference in uptake pattern was shown between the ear- 
ly and the delayed scintigrams: on the early scintigrams 
there was a patchy, uneven uptake in the tumors (Figs. 
1B, 2A, 3A), whereas on the delayed scintigrams these 
accumulat ions in the tumors extended diffusely to the 
outer side and seemed to grow in size, al though the mar- 
gin o f  the accunmlat ion still remained remarkably well 
defined (Figs. 1C, 2B, 3B). 

The histological diagnoses and tumor  M R  signal in- 
tensities in the 11 patients are summarized in Table 1: 
high vascularity in 8 cases, moderate  vascularity in 2, 
and moderate-high vascularity in 1. As to the cellularity, 
this was high in 4 cases, moderate-high in 1, and moder-  
ate in 6 cases. 

M R  images detected all eight tumors.  On T t -weight-  
ed images, the predominant  signal intensity was isoin- 
tense to skeletal muscle. On T2-weighted images,  the 

Table 1. Results of Tc-99m pertechnetate scintigraphy in 11 patients with extra-abdominal fibromatosis 

Case Sex/age Location No. of Size Uptake pattern on Pathology 
(years) Tumors (cm) Tc-99m scintigram 

MRI findings 

Early Delayed Vascularity Cellularity T1 T2 

Follow-up 
Period a 
(years) 

Prog- 
nosis 

1. M/25 Chest 1 7x5 Even Even, High Moderate NT NT 4.7 
wall same size 

2. F/37 Thigh 2 4.1x2.2 Uneven Fused, High High NT NT 4.8 
enlarged 

3. F/14 Buttock, 2 9x9 Uneven Fused, High Moderate Iso. High & low b 2.1 
thigh 2.5x2.5 enlarged Iso. Iso. 

4. F/24 Back 1 2.5x2 Even Even, High Moderate NT NT 4.3 
same size 

5. F/30 Hand 3 3.4x 1.4 Even Even, High High NT NT 2.1 
same size 

6. M/20 Back 2 8x5.6 Even Even, Moderate Moderate NT NT 4.3 
same size 

7. F/20 Lower 3 6x4.5 Uneven Fused, High High Iso. High & low 4.0 
leg enlarged Iso. Iso. 

8. M/43 Buttock 1 4.5x4.5 Even Even, High High Iso. High & low 2.8 
same size 

9. F/27 Shoulder 1 6x6.5 Even Even, Moderate Moderate Iso. High & low 2.7 
same size 

10. F/32 Thigh 1 3x2.5 Even Even, High Moderate Iso. High & low 2.0 
same size 

11. F/24 Buttock, 3 25x12 Uneven Fused, Moderate Moderate Iso. High & low 6.4 
thigh enlarged high high 

AWD 

NED 

AWD 

NED 

NED 

NED 

NED 

NED 

NED 

NED 

AWD 

a Disease-free or inactive period from last recurrence or operation 
b High and low intensity 
NT, Not tested; Iso., isointensity; AWD; alive with disease; NED, no evidence of disease 
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Table 2. Diagnostic reliability of Tc-99m pertechnetate scintigra- 
phy for detection of extra-abdominal fibromatosis 

Number of studies 
Number of correct studies: true positive 

true negative 
Number of incorrect studies: false positive 

false negative 
Positive predictive value (%) 
Negative predictive value (%) 
Sensitivity (%) 
Specificity (%) 
Diagnostic accuracy (%) 

22 
18 
4 
0 
0 

100 
100 
100 
100 
100 

Table 3. Average tumor-to-background count ratio (T/BG) on Tc- 
99m pertechnetate scintigrams of extra-abdominal fibromatosis 

No. of T/BGratio 
studies 

Average Minimum Maximum SD 

Early 22 2.11 0.86 3.45 1.50 
scintigram 

Delayed 22 2.15 1.12 4.03 0.9 
scintigram 

signal intensity was inhomogeneous in six tumors; the 
other two showed the same intensity as skeletal muscle. 
Inhomogeneous signal intensity reflected inhomogeneity 
of the number of collagen fibers and of the extent of cel- 
lularity. Less collagenous, hypercellular areas corre- 
sponded to those with higher intensity on T2-weighted 
MR images, whereas collagenous, hypocellular portions 
were represented by lower intensity. In hypercellular ar- 
eas, collagen fibres were loosely textured, occasionally 
undergoing myxoid change. 

Comparing the scintigrams with the MR images, a 
strong uptake in the early scintigram corresponded to 
both the rich cellularity of the tumor and its vascularity. 
In the delayed scintigram, the whole tumor, even the pe- 
ripheral hypocellular collagenous areas, was demonstrat- 
ed (Fig. 1A-E). 

The diagnostic effectiveness of the Tc-99m scinti- 
gram, based on the 22 examinations, is summarized in 
Table 2. In both the primary and the recurrent cases, the 
Tc-99m scintigram showed no false positive results. 
Thus both sensitivity and specificity rated 100%. 

Five out of 11 patients underwent a total of 16 con- 
secutive scintigraphic follow-up examinations with Tc- 
99m. Among these 5 patients, 2 experienced no further 
recurrence (complete remission) and 3 had residual tu- 
mor or developed local recurrence (tumor persistence). 

T/BG ratio was calculated from the visualized tumors 
on the Tc-99m scintigram (Table 3). The T/BG ratio of 
the Tc-99m scintigram was 2.11 on the early scintigram 
and 2.15 on the delayed one. 

For illustration, three significant medical histories are 
given below. 

Case 7 (Fig. 1) is that of a 20-year-old woman with 
extra-abdominal fibromatosis of the left posterior thigh 
which has recurred after surgery. The whole-body scin- 
tigram shows two abnormal accumulations; one is a 

horseshoe-shaped strong uptake in the left posterior 
thigh and the other a weak uptake in the left leg posteri- 
orly (Fig. 1A). The latter tumor was identified clinically 
only with the Tc-99m scintigram. Accumulations in the 
parotid glands, submandibular glands, thyroid glands, 
stomach, and bladder are normal variants. On the early 
scintigram, tumors of the left thigh are well defined 
(Fig. 1B). On the delayed scintigram, the accumulations 
of the tumors fuse and extend to the margin of the tu- 
mor (Fig. 1C). The accumulation thus seems to grow in 
size, though its margin is still remarkably well defined. 
On MRI, these tumors are shown as a high intensity ar- 
ea on T2-weighted images (Fig. 1D, E). The tumors 
were subsequently surgically excised as completely as 
possible. The post-operative scintigram shows no abnor- 
mal accumulations (Fig. IF). Microscopy of sections 
from the surgical specimens showed fibroblastic cells 
and intercellular collagen fibers (Fig. 1G). Both the vas- 
cularity and the cellularity were classified as high in 
this case. 

Case 11 (Fig. 2) is an example of a 24-year-old wom- 
an with recurrent extra-abdominal fibromatosis of the 
right posterior thigh. On the posterior view of the early 
scintigram, huge nodular accumulations are present, 
consistent with the clinically palpated tumors, and these 
margins are well defined (Fig. 2A). On the delayed scin- 
tigram, accumulation extends diffusely to the surround- 
ing tissue and its uptake becomes evenly spread (Fig. 
2B). The margin that has emerged is well defined. We 
diagnosed this margin on the delayed scintigram as a 
real tumor extension. 

Case 5 (Fig. 3) is the case of a 30-year-old woman 
with recurrent extra-abdominal fibromatosis on the back 
of the left had. She had undergone surgery 2 years be- 
fore. Three tumors measuring 34x17 mm, 22x12 mm, 
and 17x14 mm respectively were still palpable in the 
hand. The early scintigram shows a well-defined nodular 
accumulation consistent with the palpable tumors (Fig. 
3A). On the delayed scintigram, the accumulation ex- 
tends diffusely and the lower part of the margin reaches 
the wrist (Fig. 3B). We concluded that the tumors were 
now actively growing. 

Figure 3C shows the early scintigram taken 42 
months after Fig. 3A and B: it is similar to the scinti- 
gram obtained 42 months earlier. Figure 3D shows the 
same appearance, although it has been obtained by a 
new delayed scintigram. The tumor appears to be inac- 
tive. 

Discuss ion 

Extra-abdominal fibromatosis is not only a rare but also 
a unique lesion which tends to recur in spite of its harm- 
less microscopic appearance [1-9]. The recurrence rate 
as reported so far varies from 25% to 77% [3-9, 11-13]. 
A far greater problem than diagnosing the primary tu- 
mor is accurately judging the extent of a locally recur- 
rent extra-abdominal fibromatosis, because a part of the 
recurrent tumor is often confused with operative scar 
tissue. 



Fig. 1A-G. Case 7: a 20-year-old woman with an extra-abdominal 
fibromatosis of the left posterior thigh which has recurred after 
surgery. A Whole-body posterior scintigram obtained at 10 min 
after administration of Tc-99m pertechnetate. Two abnormal accu- 
mulations are in the left posterior thigh and the left posterior leg 
(arrows). B Spot images of the early scintigram demonstrate un- 
even uptake of Tc-99m in the left posterior thigh (left) and even 
uptake in the left posterior leg (right, arrow). C Spot images of 
the delayed scintigram obtained 2 h after administration of Te- 
99m pertechnetate. The uptake of Tc-99m in the left posterior 
thigh (left) and the left posterior leg (right) have fused and extend- 
ed to the outside. The accumulation seems to have grown in size, 

though its margin is still remarkably well defined. D T2-weighted 
MR image of the thigh shows a well-defined soft tissue mass. Sig- 
nal intensity is both hyperintense and isointense to skeletal mus- 
cle. E T2-weighted image of the lower limb shows a well-defined 
soft tissue mass (arrow). Signal intensity is isointense to skeletal 
muscle. F Whole-body posterior scintigram obtained at 10 rain 
after administration of Tc-99m pertechnetate. This is a post-opera- 
tive study performed 1 year after the surgery and shows no abnor- 
mal accumulations. G Photomicrograph showing slit-like vessels 
and spindle-shaped ceils composed of sweeping bundles. Both the 
vascularity and the cellularity are high. (H&E, x50) 
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Until the present study, radionuclide scans have not 
been routinely used in dealing with extra-abdominal fi- 
bromatosis [10, 14-20]. 

Using Tc-99m pertechnetate scintigrams, we were 
able to visualize and define the extent of  extra-abdomi- 
nal fibromatosis in all 11 patients. The advantage of Tc- 
99m scintigrams is that they allow one to survey the 

Fig. 2A, B. Case 11: a 24-year-old woman with a recurrent extra- 
abdominal fibromatosis of the right posterior thigh. A Early scin- 
tigram of the posterior of the right thigh demonstrates huge nodu- 
lar accumulations consistent with the clinical findings. The mar- 
gins of the tumors are well defined. B Delayed scintigram taken 3 
h after A. The accumulation is diffusely extending to the sur- 
roundign tissue and its uptake becomes evenly spread. However, 
the margin is still well defined 

whole patient as well as to detect recurrent extra-abdom- 
inal fibromatosis (Fig. 1A). The mechanism of uptake of 
Tc-99m in the tumors is unknown at present. Accumula- 
tions in the early scintigram most likely depend on both 
blood flow and the capillary permeability of Tc-99m or 
active transport through the cell membranes of the tumor 
cells. The early scintigram is considered to reflect blood- 
pooling, while no such phenomenon has been observed 
in the delayed scintigram. The following hypothesis 
seems to be reasonable: Tc-99m is transported either 
passively or actively through the cell membrane into the 
cytoplasm of the active tumor cells. This seems to be 
confirmed by the T/BG (tumor/background) ratio, which 
is higher in the delayed scintigram than in the early one 
(Table 3). 

Histologically, extra-abdominal fibromatosis consists 
of spindle-shaped fibroblastic cells accompanying inter- 
cellular collagen fibers in sweeping bundles. In addition, 
other changes may be seen, including myxoid change, 
focal hemorrhage, and focal inflammation [9, 12]. Haw- 
naur et al. [21] describe the way MRI reflects the patho- 
logical findings; the very low signal intensity of fibrous 
tissue being predominantly peripheral and the areas with 
enhancing, intermediate signal intensity being more cen- 
tral. 

Our study did not carry out a precise comparison be- 
tween MRI and Tc-99m scintigraphy, as MRI began to 
function in our hospital only in July 1989, whereas our 
clinical study began in 1985. During the period between 

Fig. 3A-D. Case 5: a 30-year-old wom- 
an with a recurrent extra-abdominal 
fibromatosis on the back of the left hand. 
A Early Tc-99m scintigram shows a 
well-defined nodular accumulation in 
the back of the left hand. B The delayed 
scintigram shows the accumulation 
extending diffusely with the lower part 
of the margin reaching the wrist. C Early 
scintigram taken 42 months after A and 
B. It provides the same picture as the 
earlier delayed scintigram (B). D The 
delayed scintigram obtained 3 h after C. 
Compared with C, the uptake of Tc-99m 
did not change and did not spread dif- 
fusely 
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1989 and 1991, we performed MRI examinations with- 
out scintigraphy; it is only since 1991 that we have been 
combining MRI and scintigraphy. This disease being 
rare, they have been very few patients admitted even to 
our large hospital, preventing us from acquiring many 
patients with MRI/scintigraphic correlation. 

Although only eight tumors have been examined and 
their scintigrams compared with MR images, we feel 
confident in asserting that the strong uptake of the early 
scintigram corresponds to both the rich cellularity and 
the vascularity of the tumor, and the fused and extended 
uptake of the delayed scintigram corresponds to the tu- 
mor cells embedded with the collagen fibers. This indi- 
cates that the Tc-99m appearances of extra-abdominal 
fibromatosis correlate well with the histological chang- 
es, and the areas of even Tc-99m uptake of the tumor on 
the delayed scintigram apparently correspond to the tu- 
mor extension. 

As yet, we do not understand the two types of Tc- 
99m uptake pattern on the early scintigram. Increased 
uptake on the delayed scintigram compared with the ear- 
ly scintigram implies that the tumors may be in the ac- 
tively growing stage. On the other hand, no difference in 
the distribution of Tc-99m in the tumors between the 
early and the delayed scintigram suggests that the tu- 
mors are either in a nonactive stage or have simply 
ceased growing (Fig. 3C, D). 

MRI is certainly one of the best imaging methods for 
detecting and identifying the extent of soft tissue disease 
[9, 21-26]. Tc-99m scintigraphy in conjunction with 
MRI is clinically truly useful and offers an accessible 
examination tool in the follow-up of patients suffering 
from these rare tumors. 
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