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Abstract

Purpose The clinical and imaging characteristics of fibromas of the tendon sheath (FTS) closely resemble those of giant cell

tumors of the tendon sheath (GCTTS). We aimed to study MRI features of FTS and GCTTS to distinguish the two entities and

improve their differential diagnosis.

Materials and methods We retrospectively analyzed data from 18 patients (9 men, 9 women; age, 17—62 years) and 24 patients (13

men, 11 women; age, 15-67 years) treated between May 2011 and May 2016, with histologically confirmed FTS and GCTTS,

respectively. Specific MRI features of the two groups were compared using the independent sample ¢ tests and chi-square tests.

Results FTS exhibited round or oval shapes. Proton-weighted images (PDWI) showed heterogeneous hypointensity that ap-

peared striped or disordered and was located in the lesion center. Enhanced scans demonstrated asymmetrical signal in the foci.

GCTTS mostly exhibited a lobulated or casting mold pattern, with a hypointense ring on PDWI. The hypointense components

appeared granular/flaky or separated, sometimes behaving as a uniform signal on PDWI. Significant differences in the following

features were observed between the two groups: lesion morphology (p < 0.001); imaging features on PDWI, including whether

the signal is homogeneous (p < 0.001); the presence of a hypointense ring (p = 0.006); the location and morphology of

hypointensity (» < 0.001); bone absorption (p = 0.008); enhancing pattern (p = 0.008); and whether the tumor crossed the joint

(p=0.026).

Conclusions FTS and GCTTS demonstrate distinctive MRI features, which can be used for differential diagnosis with sensitiv-

ities, specificities, and diagnostic accuracies of 83—100%, 29—79%, and 60—89%, respectively.

Key Points

* Fibromas and giant cell tumors of the tendon sheath have distinct features on MRI, including differences in lesion morphology
and intensity patterns, which can be used for differential diagnosis.

* Among other signs, GCTTS are more uniform than FTS, and FTS have a striped or disordered pattern.

o Tumors were classified with 90% accuracy into either FTS or GCTTS based on a combination of two features: homogenous
signal and hypointensity shape on PDWI.

Keywords Fibroma - Giant cell tumors - Magnetic resonance imaging

Abbreviations PDWI  Proton density-weighted imaging

FTS Fibromas of the tendon sheath TIWI T1-weighted spin-echo imaging

GCTTS Giant cell tumors of the tendon sheath T2WI T2-weighted spin-echo or fast spin-echo imaging
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Introduction

Fibromas of the tendon sheath (FTS) are rare, benign, soft
tissue tumors first described in 138 patients in 1979 [1],
with few subsequent tumor and imaging studies [2]. The
clinical and imaging characteristics of FTS closely resem-
ble those of giant cell tumors of the tendon sheath
(GCTTS). Both tumors are intimately associated with ten-
dons [3] and may present as painless, slowly enlarging
masses, almost exclusively in the extremities. Most FTS
appear on magnetic resonance imaging (MRI) as well-
defined soft tissue masses with low or variable signal in-
tensities on T1- and T2-weighted sequences, respectively,
with either no enhancement or mild to significant homoge-
neous enhancement on contrast-enhanced MRI [2]. Both
types appear similar on MRI [4-8]. Most GCTTS appear
isointense relative to the muscle on T1-weighted images,
with variable intensity on T2-weighted images because of
variable hemosiderin, liquid, lipid, fibrous tissue, and hem-
orrhagic components [9]. GCTTS show lack of or mild
enhancement on contrast-enhanced MRI, similar to that
of FTS [5, 6, 10, 11].

Gradient echo images are typically used to diagnose
GCTTS because of susceptibility artifact, which can distin-
guish them from other soft tissue tumors. However, gradient
echo images are easily affected by non-uniform magnetic
field, so they are difficult to apply to all parts of the body.
FTS consist of a dense fibrocollagenous stroma with scattered
spindle-shaped fibroblasts and narrow slit-like vascular spaces
[1], and GCTTS of multinucleated giant cells, foamy histio-
cytes, and hemosiderin-laden xanthoma cells [3, 8]. Other
than gradient echo images, histopathological analysis is pres-
ently regarded as the primary method for differentiating FTS
from GCTTS.

Although both FTS and GCTTS are benign, GCTTS
may undergo malignant transformation or rapidly destruc-
tive progression [12, 13]. Since the first malignant giant
cell tumor was described in 1979 [12], 17 patients have
been reported with malignancies secondary to treatment of
benign GCTTS, and 15 have been reported with primary
malignant GCTTS, with four disease-related deaths. To
our knowledge, malignant transformation of FTS has nev-
er been described. Therefore, MRI before surgical exci-
sion may distinguish between these two types of lesions,
potentially affecting treatment decisions.

Most reports on FTS have been single case studies, and the
paucity of cases has made it difficult to establish a consensus.
To determine whether MRI can provide information useful for
distinguishing between FTS and GCTTS, we retrospectively
compared MRI data from 18 patients with histologically con-
firmed FTS and 24 patients with localized GCTTS. To our
knowledge, this is the largest analysis of MRI features of
FTS and GCTTS in the English language literature.
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Materials and methods
Case selection

We retrospectively searched the pathology and radiology
databases in our institutions to identify consecutive pa-
tients with (1) newly diagnosed histologically confirmed
FTS or GCTTS and (2) clear MR images from May 2011
to May 2016. The exclusion criteria were (1) previous
biopsy or surgery for FTS or GCTTS and (2) pigmented
villonodular synovitis (a diffuse form of GCTTS), which
was excluded through MRI because differential diagnosis
between this form of GCTTS and FTS is easy.

MRI examination

All patients underwent MRI using a 1.5-T (n=19) or 3.0-T
(n=23) MRI scanner (Signa, GE Healthcare, USA) with
either a TOSOPA phased-array coil, an EXTREM surface
coil, or a GPFLEX surface coil, depending on the body part.
Field of view ranged from 8 to 30 cm, slice thickness from 2
to 6 mm, and slice gap from 0 to 2.7 cm. Matrices of 256 x
128-256 were used. Axial plus sagittal and/or coronal im-
ages were obtained for all lesions. All 42 lesions underwent
T1-weighted spin-echo imaging (T1WI; pulse sequences,
360-560/9—18 (TR/TE)), whereas eight underwent T2-
weighted spin-echo or fast spin-echo imaging (T2WI; pulse
sequences, 2200-3600/108—127 (TR/TE)). In addition, all
42 lesions underwent sagittal dual-echo proton density-
weighted imaging (PDWI; pulse sequences, 2200-3600/
11-29 (TR/TE)) to obtain fast spin-echo sequences. Fat-
suppressed short-time inversion recovery sequences (pulse
sequences, 4500-5400/48-53 (TR/TE)) were obtained for
36 lesions, and fat-suppressed T1WI images with gadolini-
um enhancement (0.2 mmol/kg) were obtained for 18
lesions.

MRI and statistical analysis

All images were independently analyzed by two senior
radiological diagnosticians (Yuxi Ge and Gen Yan, with
7 and 17 years of clinical experience of MR image inter-
pretation, respectively) who were blinded to the patholog-
ical results. The demographic and clinical features
assessed in the FTS and GCTTS groups included age,
sex, and lesion location and diameter. The MRI features
evaluated included lesion morphology (e.g., round or
ovoid, lobular pattern, or casting mold; Fig. 1) and the
imaging features were obtained on PDWI. The latter in-
cluded the homogeneity/non-homogeneity of the signal,
the presence/absence of a hypointense ring, and the loca-
tion and morphology of hypointensity. Enhancing patterns
on TIWI were also compared, including whether
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Fig. 1 Classification and
definition of the shapes of FTS
and GCTTS. If the morphology of
the nodule (a) or mass-like tumor
(b) was oval, it was defined as an
oval tumor. ¢ If the morphology
of the tumor was lobulated, it was
classified as lobulated tumor
group. d If the tumor was drilled
into the surrounding gap, it was
defined as a mold casting

enhancement was homogeneous or heterogeneous, wheth-
er the tumor crossed the joint or not, and the absorption of
adjacent bone including cortical erosion or subchondral
cysts. Lesions showing homogeneous signal intensity on
PDWI, and homogeneous enhancement, were defined as
having homogeneous signaling. The appearance of
hypointense components on PDWI was defined as striped,
disorderly, granular/flaky, or separated (Fig. 2). The loca-
tion of hypointensity was classified as central or marginal
based on the location of the low signal component; if this
occurred in the periphery of the tumor, it was defined as
marginal. Other locations are considered central.

All MRI findings were characterized separately by two
diagnosticians who were blinded to patient outcomes, with
disagreements resolved by consultation. Two weeks later,
the two radiologists re-interpreted the MR features.
Statistical analysis was conducted using SPSS 22.0 software
(IBM Corporation). We used the chi-square tests to compare
imaging findings between FTS and GCTTS, and the ¢ tests to
compare the age and diameter of the lesions between the two
groups. A p value <0.05 was considered significant. Inter-
and intra-observer agreements were assessed by calculating
a simple kappa value for the subjective parameters. A kappa
value less than 0.20 was interpreted as poor agreement, 0.21—
0.40 as fair, 0.41-0.60 as moderate, 0.61-0.80 as good, and
more than 0.81 as excellent agreement.

Results

Demographic and clinical features

We finally identified 18 patients with FTS and 24 with
GCTTS. Seven cases of FTS and 12 cases of GCTTS were
scanned on 1.5 T, and 11 cases of FTS and 12 cases of GCTTS
on3T.

The 18 patients with FTS included nine men and nine
women, aged 17-62 years (median 45 years). All FTS mani-
fested clinically as painless, soft, slow-growing tissue lumps
without local redness, swelling, or ulceration. One of the wrist
lesions was associated with carpal tunnel syndrome symp-
toms, including numbness and pain in the palm and fingers.
Two knee lesions were associated with recent joint soreness,
and one knee and one wrist lesion were associated with mild
restriction of joint activity.

The 24 patients with localized GCTTS included 13 men
and 11 women, aged 15—67 years (median 43 years). All
GCTTS manifested clinically as slow-growing soft tissue
lumps without local redness, swelling, ulceration, or move-
ment disorders. Three knee lesions were associated with joint
soreness, and one palmar lesion was associated with local
soreness and swelling. Demographic and clinical features
did not differ significantly between patients with FTS and
GCTTS.
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a stripe

b disorder

Fig. 2 Classification and definition of the hypointensity shapes of FTS
and GCTTS on PDWI. a The low signal components in tumors are cords
and stripes. b The low signal components in tumors are disordered. ¢ The
low signal around the tumor goes inward to form a septum structure. d
The low signal intensity in tumors is patchy or granular

MRI features
Intra-observer and inter-observer agreements for the subjec-

tive MRI features were excellent (Table 1). The two observers
agreed on the features of homogeneous signal on PDWI, bone
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absorption, enhancing pattern, and joint crossing in 100% of
cases. The corresponding linear weighted kappa values for
hypointensity ring, location of hypointensity, morphology of
hypointensity on PDWI, and morphology were also high at
0.899, 0.955, 0.879, and 0.925, respectively. Intra-observer
kappa values were between 0.910 and 1, showing excellent
agreement.

Of'the 18 FTS lesions, most were located in the palms (n =
6, 33.3%), feet (4, 22.2%), and knees (4, 22.2%), followed by
the wrists (2, 11.1%), shoulders (1, 5.6%), and elbows (1,
5.6%). The maximum tumor diameter ranged from 5 to
76 mm across locations, with an average of 34.7 mm.
Fifteen (83.3%) lesions were round or ovoid (Fig. 3), two
(11.1%) were lobular, and one (5.6%) extended into the joint
or grew in casting mold, including two (11.1%) which exhib-
ited bone erosion.

T1WI showed non-homogeneous isointensity or
hypointensity relative to muscle for 16 (88.9%) lesions and
homogeneous hyperintensity for two (11.1%) lesions. On
PDWI, 10 (55.6%) lesions demonstrated heterogeneous
hyperintensity, and eight (44.4%) exhibited heterogeneous
hypointensity. Hypointense components on PDWI exhibited
a striped appearance in seven (38.9%) lesions, and a disorder-
ly appearance in 11 (61.1%) lesions (Fig. 4).

All nine lesions assessed by gadolinium-enhanced imaging
showed heterogeneous enhancement (Fig. 5). Of the 24
GCTTS lesions, most were located in the palms (n =10,
41.7%) and feet (5, 20.8%), followed by the knees (4,
16.7%), wrists (2, 8.3%), ankles (2, 8.3%), and hip (1,
4.2%). The maximum tumor diameter ranged from 9 to
79 mm across locations, with an average diameter of
32.5 mm. Twelve (50%) lesions were lobular, five (20.8%)
were oval-shaped, and seven (29.2%) extended into the joint
or grew in casting mold (Fig. 3). More than half these lesions
showed bone erosion (Fig. 3c).

PDWI showed homogeneous signaling in seven (29.2%)
lesions and heterogeneous lesions in 17 (70.8%, Fig. 4c). The
seven lesions with homogeneous signals exhibited
isointensity or hypointensity compared with muscle on
T1WI, and hyperintensity on PDWI. Hypointense signals on
PDWI, which were granular/flaky or septum-like for 13 le-
sions (Fig. 4d, e) and were located near the periphery of the
tumor in eight lesions, were apparent for the other 17 lesions
that showed heterogeneous signaling. PDWI showed com-
plete or incomplete hypointense rings found around 14
lesions.

Of the nine lesions that underwent gadolinium-enhanced
imaging, six showed homogeneous enhancement (Fig. 5).

Statistical comparisons of MR features

Imaging features differed significantly between PDWI and
other MRI sequences (Table 2). FTS and GCTTS differed
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Table 1 Intra-observer and inter-

observer agreements for the sub- MRI features Kappa values of intra-observer Kappa values of inter-observer
jective MRI features (agreement number/total) (agreement number/total)
Observerl Observer2
PDWI
Homogeneous 1 1 1
Hypointensity ring 0.950 1 0.899
Location of hypointensity 0.955 1 0.955
Morphology of hypointensity 0.969 0.910 0.879
Other sequences
Morphology 0.925

Bone absorption
Enhancing pattern
Cross the joint

1

1 1
1 1 1
1 1
1 1 1

The two observers agreed on the features of homogeneous signal on PDWI, bone absorption, enhancing pattern, and
joint crossing in 100% of cases. The corresponding linear weighted kappa values for hypointensity ring, location of
hypointensity, morphology of hypointensity on PDWI, and morphology were also high at 0.899, 0.955, 0.879, and
0.925, respectively. Intra-observer kappa values were between 0.910 and 1, showing excellent agreement

significantly in their degree of lesion morphology (p < 0.001),
prevalence of bone absorption (p =0.008), presence of a
hypointense ring (p =0.006), signal homogeneity
(p<0.001), and location and morphology of hypointensity
(p<0.001).

Diagnostic performance for differentiating FTS
from GCTTS

Using the characteristics of lesion shape, location, and signal,
38 of 42 cases (90%) were correctly classified as either FTS or
GCTTS based on a combination of the two features of homog-
enous signal and hypointensity shape on PDWI (Fig. 6). The
remaining four cases were all GCTTS, with more complex
low signal patterns that were difficult to differentiate from
FTS. Additional features may have utility for differential

diagnosis: central location of hypointensity, and striped or
disordered shape of hypointensity on PDWI revealed 100%
sensitivity for FTS. For other characteristics, the sensitivities,
specificities, and diagnostic accuracies ranged from 83 to
100%, 29 to 79%, and 60 to 89%, respectively (Table 3).

Discussion

Although the MRI features of FTS and GCTTS are simi-
lar, our results highlight differences. First, FTS give a
non-uniform signal on the PDWI sequence; tumors with
uniform signal are more likely to be GCTTS. Second, the
low signal patterns of the two tumor types in PDWI dif-
fer: FTS are strip-like or irregular, while GCTTS are pre-
dominantly flaky/granular or separated. Combining these

Fig. 3 Morphological comparison of FTS and GCTTS. a Representative
images of oval-shaped of FTS. MRI in a 55-year-old woman shows an
oval nodule with a high signal around the flexor tendon (arrow). b Images
of separated shape of GCTTS. Axial PDWI of a 22-year-old woman, a

lobulated high-signal tumor is revealed around the extensor tendon (c)
images of casting mold of GCTTS. Coronal PDWI of a 61-year-old man,
a cast-shaped high-signal tumor, accompanied by bone absorption of the
scaphoid, is shown around the wrist
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Fig.4 Low signal morphology comparison between FTS and GCTTS on
PDWI. a Representative images of stripe hypointensity of FTS. MRI in a
25-year-old woman shows strip-like low signal in the nodule on the index
finger (arrow). b Images of disordered hypointensity of FTS. A 44-year-
old woman demonstrates irregularly arranged low signal in the lesion of
the shoulder (arrow). ¢ The image of homogenous signal of GCTTS. A

two characteristics enabled us to classify 90% of tumors
correctly as FTS or GCTTS. Third, FTS are predominant-
ly round or ovoid, and GCTTS are cast and lobulated.
Finally, other signs that suggest GCTTS include low sig-
nal on the PDWI located near the periphery of the tumor,
and a low signal ring were found, bone resorption, uni-
form enhancement, and cross-articular.

Morphologically, most FTS in our study were round or
ovoid [14], whereas most GCTTS were lobulated or ex-
hibited a casting mold pattern, consistent with the litera-
ture [15]. FTS are histologically characterized by a dense
fibrocollagenous stroma with scattered spindle-shaped fi-
broblasts and narrow, slit-like vascular spaces [1] with a
hard texture. Consequently, these lesions appear nodular
and mass-like. In contrast, most GCTTS are characterized
by the presence of histiocytes, monocytes, multinucleated
giant cells, foam cells, hemosiderin-laden macrophages,
and siderophages, with fissures of different shapes, false
glandular spaces, and pseudoacinar structures. Because
their cellular morphology is diverse and loosely arranged,
GCTTS that grow in a joint cavity or between bones may
exhibit a casting mold pattern. Some GCTTS wrap around
the fibrous capsule, which can extend deeper into the tu-
mor and result in a lobulated appearance.

@ Springer

26-year-old male with an even hyperintensity on the knee (arrow). d
Image of separated hypointensity of GCTTS. A visible separately low
signal on the edge of the lesion at the finger was shown in a 31-year-
old female (arrow). e Image of granular low signal of GCTTS. A 62-year-
old female patient showed a granular low signal in a lesion on the small
toe (arrow)

Although both FTS and GCTTS have been reported to
cause absorption of adjacent bone, only a few cases of FTS
with bone erosion have been described [5]. In contrast, the
incidence of bone erosion is higher with GCTTS [16]. One
case series reported bone erosion associated with only 14% of
GCTTS [17], in contrast to our findings of cortical erosion or
subchondral cysts in 12 of 24 GCTTS lesions, and bone ero-
sion or cysts in 2 of 18 FTS lesions. The relatively high pro-
portion of GCTTS with bone erosion (50%) that we report
may be due to both our small sample size and different imag-
ing methods. Bone erosion may be caused by tumor compres-
sion in patients with FTS whereas GCTTS lesions contain
macrophages, which function as osteoclasts that dissolve cor-
tical bone and form a cavity on the bone surface [18]. GCTTS
were thus more likely to cause bone erosion and surrounding
destruction, more extensively so when malignant [19].

PDWI showed a complete or incomplete hypointense ring
around the lesion in three (16.7%) of our 18 patients with FTS,
a finding that may be related to the thin or absent envelope on
FTS. In contrast, for 14 (58.3%) of the 24 GCTTS lesions,
PDWI showed a hypointense ring that extended into the tumor
and formed a separate, cauliflower-like structure. The mor-
phological features of GCTTS may be attributed to a fibrous
envelope on the surface of the lesion.
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Fig. 5 Comparison of MRI enhancement between FTS and GCTTS. a—d
Representative images of FTS enhancement. MRI in a 61-year-old female
demonstrates a low signal nodule on the dorsal side of the 4th finger on
axial T1-weighted image (a). Contrast-enhanced MR image of axial (b)
and sagittal (¢) T1-weighted image shows an uneven enhancement lesion.
Staining of the lesion with hematoxylin and eosin (original magnification,
% 100) (d), showing spindle-shaped tumor cells surrounded by a dense
fibrocollagenous stroma with narrow, slit-like vascular spaces. e—h

Although both FTS and GCTTS demonstrate
hypointensity on PDWI, the morphology and distribution of
the hypointense components distinguish the two lesion types.
FTS showed striped or disordered hypointensity on T2WI,
probably due to the presence of dense collagen fiber bundles
with a low H* content. In some patients, T2WI/PDWI results
were characterized by hypointensity, mainly because these
tumors contain multiple collagen bundles. In our study,
hypointensity on PDWI appeared striped in seven (38.9%)
and disorderly in 11 (61.1%) FTS, with all hypointense areas
at the center of the lesion, probably because most spindle cells
were present at the center [1]. In contrast, GCTTS demonstrat-
ed granular and separated hypointensity on PDWI, which may
have been due to the deposition of the paramagnetic com-
pound caused by repeated bleeding [20]. We found that
76.4% (13/17) of non-homogeneous GCTTS lesions demon-
strated granular/flaky or separated hypointensity on PDWIL.
This hypointensity was scattered or located at the periphery
of the lesion, perhaps because foam cells can engulf hemosid-
erin, which is patchy or nested, and is located around the
lesion [1].

Although both FTS and GCTTS may demonstrate mild to
significant enhancement on gadolinium-enhanced MRI [2,
14], their enhancement patterns differ completely. We found
that FTS lesions exhibited heterogeneous enhancement of

LNES (SO |

Representative images of GCTTS enhancement. MRI in a 47-year-old
male demonstrates a low signal nodule on the dorsal side of the 4th finger
on axial T1-weighted image (e). Contrast-enhanced T1-weighted MR
axial (f) and coronal (g) images show a homogeneously enhanced lesion.
Staining of the lesion with hematoxylin and eosin (original magnification,
% 100) (h), showing histiocyte-like mononuclear cells, foamy cells, a
small number of multinuclear giant cells, and collagen fibers infiltrating
the interstitial space

mild to high intensity and primarily dependent on their pro-
portions of collagen fibers, which are not enhanced on en-
hanced MRI sequences. In contrast, nine GCTTS lesions that
underwent contrast-enhanced imaging demonstrated mild to
high intensity, with six lesions showing homogeneous en-
hancement despite the presence of hypointensity at the periph-
ery. Similarly, Beuckeleer et al [15] described strong homoge-
neous enhancement in ten of 13 GCTTS, possibly due to
blood vessel proliferation in the GCTTS lesions.

We found that patient age and sex, as well as lesion size and
location, did not differ significantly in the FTS and GCTTS
groups. However, FTS occur more frequently in male adults
(peak age, 30-50 years), predominantly in the upper limbs [1].
They reported that 82% of fibromas of the tendon sheaths
occurred in the fingers, hands, and wrists, and seven cases
were found extra-articularly around the knee joint. FTS occur-
ring around large joints such as the elbows, shoulders, hips,
knees, and ankles are rarely reported [21]. However, in our
study, 8/18 cases of FTS occurred in large joints. Of these
lesions, two were intra-articular FTS in the knee joint. A fur-
ther 44% were located in the fingers, hands, and wrists. This
may be due to small sample size and referral bias to our insti-
tution, and if the lesion is too small, magnetic resonance ex-
amination may not be performed in our unit. Therefore, some
hand lesions may have been excluded from our study. Our
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Table2 MRI features of patients diagnosed with FTS and GCTTS
MRI FTS GCTTS Chi-square test
feature (n=18) (n=24) (p value)
Morphology
Oval like 15 5 <0.001*
Lobulated 2 12
Casting 1
mold
Bone
absorp-
tion
Yes 2 12 0.008*
No 16 12
Hypointensity ring on PDWI
Yes 3 14 0.006*
No 15 10
Homogeneous on PDWI
Yes 0 7 <0.001*
No 18 17
Morphology of hypointense on PDWI
Striped 7 2 <0.001*
Disorderly 11 2
Granular/flaky or 0 13
septated
Location of hypointensity
on PDWI
Margin 0 8 <0.001*
Central 18 9

*Statistically significant

data show an average age of patients with FTS of 42.8 +4.37,
consistent with the literature. In contrast, GCTTS occur more
frequently in the hands and feet of women aged 31-40 years
[8], also in accordance with our findings.

Involvement of the tenosynovial space was detected in nine
of 10 localized GCTTS [22], leading to a conclusion that MR

Total FTS and GCTTS

tumors
(n=42)
|
] )
Hom(oge7n)eous T
n= N .
GCTTS(n=7) hypoi T;esnSIty
FTS(n=0) (n=35)

v
hypointensity shaped
striped or disordered

2
hypointensity shaped
granular or separated

(n=13) (n=22)
GCTTS(n=13) GCTTS(n=4)
FTS(n=0) FTS(n=18)

Fig. 6 Classification of FTS and GCTTS based on the major imaging
findings (homogeneity of signal and shape of hypointensity on PDWI).
Among all patients, 18/18 FTS and 20/24 GCTTS were correctly differ-
entiated in our analyses, and four cases of GCTTS remained unclassifi-
able. Accuracy was thus 90%
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imaging is useful in assessing tumor extent and involvement
of the joint and tenosynovial space. Similarly, our data show
that nine of the 24 patients with GCTTS had lesions that
crossed the joint longitudinally. Lesion range and size should
therefore be evaluated in patients diagnosed with GCTTS,
with resection extended during surgery as required.
Preoperative MRI examination is important for differential
diagnosis of FTS and GCTTS, and MRI is an important tool
for postoperative follow-up assessments.

Among all 18 cases of FTS and 24 cases of GCTTS, across
small and large joints, many MRI characteristics were shared
by tumors of various sizes and locations. For FTS, the imaging
features of even small finger lesions shared the characteristic
features, with heterogeneous oval masses with low signal in a
striped or disordered shape in the center of the lesion on PDWI
sequence. GCTTS involving small joints such as the hand or
foot often appeared as lobulated lesions surrounded by a low
signal ring, with the low signal components separated or gran-
ular/flaky. However, GCTTS in large joints such as the knee
and wrist tended towards mold shape and homogeneous
signals.

Kappa values for the intra- and inter-observer agreements
were lowest for PDWI sequences with low signal patterns, but
were nonetheless 0.879. Four disagreements between the two
observers resulted from confusion between flaky and irregular
shape. This suggests that the clinical experience of observers
is important for differential diagnosis of these two tumor
types.

Limitations of our study include first its retrospective na-
ture and use of images obtained from different scanners with
inconsistent imaging protocols. For example, T2 fat-saturated
images, STIR images, and gradient echo images, all of which
may be helpful in differential diagnosis of these two tumor
types, are not available at our institution. It is uncertain wheth-
er our results are applicable to fluid-sensitive MRI sequences
other than PDWI, which is not always available for imaging of
soft tissue masses. Second, the rarity of FTS restricted our

Table 3  Diagnostic performance of FTS MRI features
MRI features Sensitivity Specificity PPV NPV  Accuracy
of FTS (%) (%) (%) (%) (%)
PDWI 100 29 51 100 60
Inhomogeneous
Central location of 100 47 67 100 74
hypointensity
Striped or 100 76 82 100 &9
disordered shape
of hypointensity
Other sequences 83 79 75 86 8l
Nodule/mass-like
morphology
Inhomogeneous 100 67 75 100 83
enhancing
pattern




Eur Radiol (2019) 29:3441-3449

3449

sample size, particularly for the enhanced MR cases. This may
have introduced bias in our summaries of the MR features of
FTS. Third, the blinded observers had participated in patient
diagnosis in daily practice; hence, recall bias might have
occurred.

In conclusion, MR imaging depicts the characteristics of
FTS and GCTTS. Characteristics useful for discriminating
between FTS and GCTTS appear to be a non-homogeneous,
low-intensity signal with a stripe or irregular shape on PDWI,
round or oval shape, and uneven enhancement. Although MRI
differences between FTS and GCTTS are sensitive and spe-
cific enough to differentiate between the two lesions, confir-
matory histological diagnosis is still recommended.
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