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Clinical value of ultrasound elastography combined with MRI 
T2 mapping in evaluating the invasiveness of giant cell tumor 

of tendon sheath 

INTRODUCTION 

Giant cell tumor of the tendon sheath (GCTTS) is 
one of the most common soft tissue tumors of the 
hand and periarticular regions, accounting for 20%–
30% of hand soft tissue tumors, mainly affecting 
young and middle-aged adults aged 20–50 years (1). 
Although these tumors are predominantly benign, 
they exhibit significant local invasiveness. 
Approximately 60% of lesions invade joint capsules 
and ligaments, or even erode bone tissue, leading to 
joint pain, restricted mobility, and loss of joint 
function in severe cases, significantly reducing 
patients’ quality of life (2). Surgical resection is the 
primary treatment for GCTTS. However, the accuracy 
of preoperative assessment regarding the extent and 
severity of tumor invasion is critical to determining 
surgical outcomes (3). Current clinical assessment of 
GCTTS invasiveness largely relies on conventional 
imaging examinations (4), each with inherent 
limitations. For instance, ultrasound, favored for its 
ease of use, real-time imaging, and non-invasive 
nature, is commonly employed for initial tumor 
localization and morphological observation. 

However, it only provides two-dimensional imaging 
and blood flow signals, making it difficult to 
accurately determine the depth of invasion into 
surrounding soft tissues and bone (5). Conventional 
MRI sequences (T1-weighted imaging, T1WI; T2-
weighted imaging, T2WI), though offer superior soft 
tissue resolution between tumors and surrounding 
structures, primarily provide qualitative assessments, 
which are highly subjective and cannot quantitatively 
reflect pathophysiological alterations in tumor 
tissues (6). Previous studies have attempted to use 
single quantitative imaging techniques for GCTTS 
assessment, but most focused on differential 
diagnosis rather than invasiveness evaluation, with 
limited diagnostic performance (7, 8). Therefore, 
seeking more effective preoperative diagnostic 
regimens for GCTTS remains a hot topic and 
challenge in clinics. 

As is well established, ultrasound elastography 
(USE) can indirectly assess lesion invasiveness by 
detecting tissue stiffness, with higher tissue stiffness 
indicating greater tumor invasiveness (9). Meanwhile, 
MRI T2 mapping enables quantitative measurement 
of tissue T2 values, reflecting water content and 
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ABSTRACT 

Background: Giant cell tumor of tendon sheath (GCTTS) is a common soft tissue tumor 
of the hand and periarticular regions. Although benign, it exhibits notable 
invasiveness. Accurate preoperative assessment of its invasiveness is crucial for 
improving surgical outcomes. Objective: To investigate the clinical value of ultrasound 
elastography (USE) combined with MRI T2 mapping in evaluating GCTTS invasiveness, 
providing objective evidence for preoperative diagnosis. Materials and Methods: 
From January 2021 to December 2025, 82 patients with suspected GCTTS at our 
hospital were selected and subjected to preoperative USE and MRI T2 mapping. They 
were divided into an invasive group (38 cases) and a non-invasive group (44 cases) 
based on postoperative pathological results. The imaging parameters of the two 
groups were compared. The cutoff values were determined using the receiver 
operating characteristic (ROC) curves, and the diagnostic performance of single and 
combined examinations was analyzed. Results: The maximum tumor diameter was 
closely related to invasiveness, with an invasion rate of 100.00% when the diameter 
was >4 cm. The USE stiffness score, strain ratio (SR) value, and MRI T2 value in the 
invasive group were all higher than those in the non-invasive group (P<0.05), with 
cutoff values of >3, >2.6, and >71.6, respectively, the achieving a specificity (series 
test) of 88.64%. Conclusion: USE combined with MRI T2 mapping enables 
multidimensional quantitative assessment of GCTTS invasiveness with excellent 
diagnostic performance. This approach provides a reliable reference for developing 
individualized surgical plans and holds significant clinical value. 
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collagen fiber distribution within tissues, which may 
correlate with the degree of tumor invasion (10). 
Therefore, combining USE with MRI T2 mapping 
theoretically complements their respective 
limitations, enhancing diagnostic accuracy for GCTTS. 
However, to date, there are no published studies 
focusing on the combined application of these two 
quantitative imaging techniques for the preoperative 
evaluation of GCTTS invasiveness, and reliable 
clinical references are still lacking in practice. 

Therefore, this study established a combined 
evaluation system integrating USE and MRI T2 
mapping, leveraging the strengths of both techniques 
(real-time stiffness assessment by USE and 
quantitative histological feature analysis by MRI T2 
mapping) to achieve a multidimensional, 
comprehensive assessment of GCTTS invasiveness. If 
validated, this approach may provide objective 
evidence for clinically precise preoperative 
determination of tumor invasion extent, assisting 
physicians in formulating rational surgical plans. The 
novelty of this study mainly includes the following 
aspects:  
(1) For the first time, we explored the combined 
diagnostic value of USE and MRI T2 mapping for 
GCTTS invasiveness, and determined the optimal 
diagnostic thresholds and combined models;  
(2) We clarified the correlation between the 
quantitative parameters of the two imaging 
techniques, providing a theoretical basis for their 
combined application;  
(3) We verified the value of tumor size as a 
preliminary screening indicator for GCTTS 
invasiveness, which can assist clinicians in rapid risk 
stratification. 

 
 

MATERIALS AND METHODS 
 

Sample size estimation 
Referencing previous similar studies (11), with 

postoperative pathological findings as the gold 
standard, we assumed a sensitivity of 85% and 
specificity of 80% for USE combined with MRI T2 
mapping in assessing GCTTS invasiveness, with α set 
at 0.05 (two-tailed), β at 0.20 (80% test power), and 
an allowed dropout rate of 10%. Sample size 
estimation was performed using PASS 15.0 statistical 
software (Power Analysis and Sample Size Software, 
NCSS LLC, Kaysville, UT, USA), calculating a required 
sample size of 38 subjects per group. 

 

Selection of study participants 
Patients with suspected GCTTS who visited the 

Department of Orthopaedics of our hospital from 
January 2021 to December 2025 were selected as 
study participants. All patients were scheduled for 
surgical intervention. They completed preoperative 
USE and MRI T2 mapping examinations, with 
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definitive diagnosis confirmed by postoperative 
pathological examination. This study was conducted 
in accordance with the Declaration of Helsinki, and 
the protocol was approved by the Medical Ethics 
Committee of Wuxi Ninth People’s Hospital Affiliated 
to Soochow University (Approval No. 2021-9-112; 
Approval Date: September 15, 2021). All participants 
signed written informed consent forms before 
enrollment. 

 

Inclusion and exclusion criteria 
Inclusion criteria: (1) Aged 18–60 years, male or 

female; (2) Lesions located around joints such as 
hands, wrists, or feet, consistent with the clinical 
distribution characteristics of GCTTS; (3) No prior 
treatment affecting lesion tissue characteristics, 
including radiotherapy, chemotherapy, or needle 
biopsy; (3) Complete clinical records, enabling 
completion of two preoperative imaging studies and 
postoperative pathological follow-up; (4) Voluntary 
participation in this study, with informed consent 
signed. 

Exclusion criteria: (1) Concurrent malignant 
tumors in other sites or multiple soft tissue tumors; 
(2) Contraindications for ultrasound examination 
(e.g., serious skin damage, infection) or MRI 
examination (e.g., metallic implants, claustrophobia, 
serious hepatic or renal insufficiency); (3) Extremely 
small lesion size (maximum diameter <0.5 cm), 
rendering elastography and quantitative T2 mapping 
impossible; (4) Incomplete postoperative 
pathological specimens or unclear pathological 
diagnosis; (5) Pregnant or lactating women; (6) 
Refusal to participate in this study or inability to 
complete follow-up. 

 

Grouping 
Using postoperative pathological examination 

results as the gold standard, the study participants 
were divided into invasive and non-invasive groups. 
Invasive group: Pathology confirmed tumor invasion 
of the surrounding joint capsule, ligaments, tendons, 
or bone (evidence of bone erosion or destruction). 
Non-invasive group: Pathology showed tumors 
confined within the tendon sheath without invasion 
of surrounding normal tissues. Grouping was 
determined by double-blind review of images by two 
experienced pathologists. In cases of disagreement, a 
consensus was reached through departmental 
consultation. 

 

Ultrasound elastography examination 
A LOGIQTM E20 color Doppler ultrasound system 

(GE Healthcare, Chicago, IL, USA) equipped with a 5-
12 MHz high-frequency linear array probe (GE 
Healthcare, Chicago, IL, USA) was employed for all 
examinations. Patients were positioned comfortably 
to ensure full exposure of the target lesion. Initially, 
conventional B-mode ultrasound scanning was 
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performed to assess and document baseline tumor 
characteristics, including size, shape, margin, internal 
echogenicity, and vascularity. Subsequently, real-time 
shear wave elastography was activated. The 
transducer was gently placed on the skin surface 
without applying compressive force to minimize 
tissue deformation. The region of interest (ROI) was 
set to encompass the entire tumor as well as a 5-mm 
peripheral zone of adjacent normal tissue. After 
ensuring image stability for 3–5 seconds, 3–5 
representative elastographic images were acquired 
and stored for offline analysis. Two experienced 
radiologists, each with over 5 years of expertise in 
musculoskeletal ultrasound, independently evaluated 
the images under double-blind conditions. Tumor 
stiffness was qualitatively assessed using a 
standardized 5-point visual scoring system: 1 point-
entirely green (soft); 2 points-predominantly green 
with minor blue areas (relatively soft); 3 points-
approximately equal distribution of green and blue 
(moderate hardness); 4 points-predominantly blue 
with minor green regions (relatively hard); 5 points-
uniformly blue (hard). Additionally, quantitative 
assessment was performed by calculating the strain 
ratio (SR) between the tumor and surrounding 
normal soft tissue. 

 

MRI T2 mapping examination 
All MRI examinations were conducted using a 

SIGNA Architect 3.0T MRI system (GE Healthcare, 
Chicago, IL, USA), with an appropriate radiofrequency 
coil selected according to the anatomical location of 
the lesion. Patients were positioned supine, and the 
affected area was immobilized to minimize motion 
artifacts. Standard imaging protocols included axial 
T1-weighted imaging (T1WI: repetition time, TR 500 
ms, echo time, TE 15 ms) and T2-weighted imaging 
(T2WI: TR 3000 ms, TE 80 ms), with consistent 
parameters: slice thickness 3 mm, slice gap 0.3 mm, 
matrix size 256 × 256. T2 mapping was performed 
using a multi-echo spin-echo sequence with the 
following settings: TR 2000 ms, TEs at 10, 20, 30, 40, 
50, and 60 ms, slice thickness 3 mm, slice gap 0.3 mm, 
matrix 256 × 256, field of view (FOV) ranging from 
120 × 120 mm² to 180 × 180 mm², and acquisition 
time of 4-6 minutes. T2 maps were automatically 
generated using the scanner’s built-in post-
processing software. Two musculoskeletal 
radiologists, each with more than 5 years of 
diagnostic experience, independently analyzed the T2 
maps in a blinded manner. Within the viable tumor 
parenchyma, three circular or oval regions of interest 
(ROIs; 5-10 mm² each) were manually placed, 
carefully avoiding areas of necrosis, calcification, and 
visible blood vessels. The mean T2 relaxation time (in 
milliseconds) was recorded for each ROI and 
averaged across the three measurements. 

 

Outcome measures 
Diagnostic efficacy of USE combined with MRI T2 

mapping in assessing GCTTS invasiveness: The 
combined diagnosis employed the parallel test 
method (where positivity was defined as any single 
examination indicating invasiveness) and the serial 
test method (where positivity required both 
examinations to indicate invasiveness) to identify the 
optimal combined diagnostic model. 

 

Statistical analysis 
Data processing was conducted using SPSS 26.0 

statistical software (IBM Corp., Armonk, NY, USA). 
Measurement data were first subjected to normality 
testing (Shapiro-Wilk test) and homogeneity of 
variance testing. Data that conformed to a normal 
distribution and exhibited homogeneity of variance 
were expressed as (`c±s), with intergroup 
comparisons performed using independent samples t
-tests. Enumeration data were represented as [n(%)], 
and the χ² test was used for intergroup comparisons. 
The diagnostic threshold was determined using the 
receiver operating characteristic (ROC) curve 
analysis. P<0.05 was considered statistically 
significant. 

 
 

RESULTS 
 

Test results 
Figure 1 shows the results of the MRI examination 

in one patient. Postoperative pathology confirmed 
invasiveness in 38 cases in the invasive group and 44 
cases in the non-invasive group. No statistically 
significant differences were observed in general data 
such as age, gender, and lesion site between the two 
groups (all P>0.05), indicating good comparability 
between groups (table 1). 
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Figure 1. MRI examination images of a patient with                 
pathologically confirmed invasive GCTTS. (A) Axial T1WI  

showing the soft tissue mass with isointense signal relative to 
muscle; (B) Axial fat-suppressed T2WI showing heterogeneous 
hyperintense signal of the mass with adjacent tissue invasion; 
(C) Axial T2 mapping pseudo-color map showing elevated T2 
values within the tumor; (D) Postoperative HE staining image 

confirming invasive GCTTS. 

Chen et al. / Elastography+MRI T2 mapping for GCTTS invasiveness assessment  
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Relationship between tumor size and invasiveness 
The maximum diameter of tumors in the invasive 

group was (3.76±1.11) cm, which was significantly 
larger than that in the non-invasive group 
[(2.11±0.60) cm] (t=8.542, P<0.001). The patients 
were further categorized into three groups based on 
the maximum tumor diameter: <2 cm, 2-4 cm, and >4 
cm. The results revealed that the incidence of 
invasiveness was 100.00% (15/15) for tumors >4 
cm, 43.14% (22/51) for tumors 2-4 cm, and 6.25% 
(1/16) for tumors <2 cm. The risk of invasiveness 
increased significantly with the increase of tumor 
diameter (χ²=28.735, P<0.001) (figure 2). 

 
 
 
 
 
 

Comparison of imaging parameters between 
invasive and non-invasive groups 

Compared with the non-invasive group, the 
invasive group had significantly higher USE stiffness 
scores (Z=-6.742, P<0.001), SR values (t=10.283, 
P<0.001), and MRI T2 values (t=9.874, P<0.001). 

Correlation analysis showed that USE stiffness score 
was positively correlated with MRI T2 value (r=0.633, 
95%CI: 0.483-0.748, P<0.001), and SR value was also 
positively correlated with MRI T2 value (r=0.634, 
95%CI: 0.484-0.748, P<0.001) (figure 3). 

 
 
 
 
 

 
 
 
 
 
 

Analysis of critical values affecting test results 
ROC curve analysis showed that when the cutoff 

values were set as USE stiffness score >3, SR >2.6, and 
MRI T2 value >71.6, the corresponding curves 
exhibited the highest Youden index (calculated as 
sensitivity + specificity - 1). Therefore, these 
thresholds were adopted for qualitative analysis 
(figure 4). 

 

164 Int. J. Radiat. Res., Vol. 24 No. 4, October 2026 

Table 1. Comparison of general data between invasive group 
and non-invasive group. 

  
Invasive 

group (n=38) 
Non-invasive 
group (n=44) 

C2 
(or t) 

P 

Age 35.74±10.43 34.73±8.43 0.485 0.629 
Gender     0.020 0.888 

male 17 (44.7) 19 (43.2)     
female 21 (55.3) 25 (56.8)     

Location of the lesion     0.413 0.814 
hand 22 (57.9) 28 (63.6)     
wrist 10 (26.3) 9 (20.5)     
foot 6 (15.8) 7 (15.9)     

Note. n: number of cases; x±̄s: mean ± standard deviation; χ²:                    
chi-square value; t: t value; P: P value. 

Figure 2. Distribution of invasive rate of GCTTS with different 
maximum diameters.  (A) Box plot comparing the maximum 

tumor diameter between the invasive and non-invasive 
groups; Bar chart showing the invasion rates of GCTTS               

stratified by maximum tumor diameter <2 cm (B), 2–4 cm (C), 
>4 cm (D). * Indicates P<0.05. 

Figure 3. Comparison and correlation analysis of USE and MRI 
T2 mapping parameters between the invasive and non-

invasive groups.  (A) Bar chart comparing USE stiffness scores 
between the two groups; (B) Bar chart comparing SR values 

between the two groups; (C) Bar chart comparing MRI T2  
values between the two groups; (D) Scatter plot showing the 
positive correlation between USE stiffness score and MRI T2 

value; (E) Scatter plot showing the positive correlation              
between SR value and MRI T2 value. * Indicates P<0.05. 

Figure 4. ROC curves of USE and 
MRI T2 mapping parameters for 

evaluating invasiveness of 
GCTTS. (A) ROC curve of USE 
stiffness score for diagnosing 
GCTTS invasiveness; (B) ROC 

curve of SR value for diagnosing 
GCTTS invasiveness; (C) ROC 

curve of MRI T2 value for          
diagnosing GCTTS invasiveness. 
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Comparison of diagnostic efficacy for assessing 
GCTTS invasiveness using different examination 
methods 

Using postoperative pathological findings as the 
gold standard, the serial combined test showed 
significantly higher specificity and overall accuracy 
than single parameter examinations, with a 
specificity of 88.64% and an accuracy of 67.07% 
(table 2). 

 
 

DISCUSSION 
 

The results of this study confirm that tumor size is 
closely associated with GCTTS invasiveness, and the 
combined application of USE and MRI T2 mapping 
can achieve high diagnostic specificity for GCTTS 
invasiveness, which provides a reliable imaging basis 
for preoperative assessment of GCTTS. 

First, the association between tumor size and 
GCTTS invasiveness represents a key finding of this 
study. Mechanistically, as tumor volume increases, 
active cellular proliferation within the tumor leads to 
a dramatic rise in nutritional demands. When the 
blood supply within the tumor cannot meet 
metabolic needs, it invades surrounding tissues (e.g., 
joint capsules, ligaments, and bone) to establish new 
nutrient supply pathways. Concurrently, increased 
secretion of invasion-related factors like matrix 
metalloproteinases (MMPs) in the tumor 
microenvironment further promotes tumor 
infiltration into surrounding tissues (12, 13). This study 
demonstrated that the incidence of invasion reaches 
100.00% when the tumor’s maximum diameter 
exceeds 4 cm, consistent with findings by Nakayama 
S et al. (14), which reported that large GCTTS lesions 
are more likely to invade adjacent bone tissue, 
confirming that tumor size serves as a preliminary 
screening indicator for GCTTS invasiveness. 
Furthermore, Li T X et al. (15) found that large GCTTS 
lesions can secrete higher levels of matrix 
metalloproteinases (MMPs) and transforming growth 
factor-β, which can degrade the extracellular matrix 
and promote tumor invasion; meanwhile, the 
increased mechanical pressure caused by enlarged 

tumor volume can disrupt surrounding tissue 
barriers (16, 17), further supporting the conclusions of 
this study 

Second, the association between USE parameters 
and GCTTS invasiveness can be explained by 
pathophysiological mechanisms: Invasive GCTTS 
exhibits high tumor cell density, significant collagen 
fiber proliferation, and concomitant surrounding 
tissue fibrosis, leading to markedly increased tissue 
stiffness (18). USE quantifies tissue stiffness through 
stiffness scores and SR values. Here, both stiffness 
scores and SR values were elevated in the invasive 
group, with optimal diagnostic thresholds of >3 and 
>2.6, respectively, which is similar to the results of 
Miao et al. on invasive soft tissue tumors (19). 
However, single USE examination has certain 
limitations: the results may be affected by the 
operator's compression force, ROI selection, and 
lesion depth, which may lead to measurement bias 
(20), limiting its standalone diagnostic efficacy. The 
diagnostic value of MRI T2 mapping lies in its 
quantitative reflection of tissue microarchitecture 
(21). During invasion, invasive GCTTS disrupts the 
anatomical structure of surrounding normal tissues, 
leading to enlarged interstitial spaces. Concurrently, 
the inflammatory response triggered by tumor cell 
proliferation increases tissue water content (22). 
During invasion, invasive GCTTS disrupts the normal 
structure of surrounding tissues, leading to expanded 
interstitial space and increased tissue water content; 
meanwhile, the inflammatory response caused by 
tumor cell proliferation further elevates tissue water 
content (23), which is consistent with the findings of 
Wang et al. on T2 mapping for tissue microstructure 
assessment (24). However, single T2 mapping 
examination may be affected by calcification, 
necrosis, and hemosiderin deposition in the lesion, 
which may lead to false negative results (25), which is 
the core reason why single examination cannot 
achieve optimal diagnostic efficacy. This is another 
reason why a single examination often fails to 
achieve optimal diagnostic efficacy. Additionally, the 
positive correlation between SR values and MRI T2 
values suggests synchronous pathophysiological 
changes during tumor invasion. The collagen fiber 
proliferation induced by tumor invasion (increasing 
tissue stiffness and elevating SR values) and the 
increase in tissue water content (elevating T2 values) 
represent parallel pathological processes, both 
contributing to the progression of tumor invasion. 
This also highlights the complementary potential of 
the two imaging modalities, and our study further 
confirms that combined testing yields superior 
diagnostic performance compared to single 
approaches, which is consistent with the conclusion 
reported by Parravano et al. that combined multi-
modal imaging diagnosis outperforms single 
examination (26). Specifically, the parallel test 
enhances sensitivity, making it suitable for 
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Table 2. Comparison of diagnostic efficacy of different              
examination methods in evaluating the invasiveness of GCTTS. 

    
Pathological 
examination   

Sensitivity 
% 

Specificity 
% 

Accuracy 
% 

(+) (-) 

Parallel 
test 

(+) 24 21 45 
63.16% 52.27% 57.32% (-) 14 23 37 

  38 44   

Serial 
test 

(+) 16 5 21 
42.11% 88.64% 67.07% (-) 22 39 61 

  38 44   
Note: (+): positive; (-): negative. Parallel test: combined positive is 
defined as any single test result meeting the positive threshold for 
invasiveness; Serial test: combined positive is defined as all single            
test results meeting the positive thresholds for invasiveness                      
simultaneously. 
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preliminary screening of invasiveness; the serial test 
achieved a high specificity of 88.64%, which is 
applicable for scenarios requiring precise exclusion 
of invasiveness, such as formulating surgical plans to 
preserve joint function as much as possible. This 
finding aligns with the conclusion reported by 
Samora NL et al. that combined imaging diagnosis 
outperforms single approaches (27), confirming the 
clinical value of the combined assessment system. 

 

Limitations 
However, as a single-center retrospective study, 

the sample size of this study is limited, and there may 
be selection bias. The generalizability of these 
findings requires validation through multicenter, 
large-sample studies. Second, imaging results depend 
on the physician’s expertise in operation and 
interpretation. Although double-blind reading was 
employed, the operating procedures were not 
standardized. Differences in equipment models and 
parameter settings may compromise result 
consistency. Third, the correlation of tumor 
pathological grading and immunohistochemical 
markers (e.g., CD68, Ki-67) with imaging indicators 
was not analyzed, thus failing to clarify the 
underlying molecular mechanisms linking these 
indicators to tumor proliferative activity and 
invasiveness. Subsequently, we need to incorporate 
other imaging modalities (e.g., contrast-enhanced 
MRI, CT) for comparative analysis to determine the 
advantages and disadvantages of this combined 
system versus alternative approaches. 

 
 

CONCLUSION 
 

GCTTS tumor size is closely correlated with 
invasiveness. USE and MRI T2 mapping can 
effectively quantify tumor invasiveness, and there is 
a synergistic correlation between the indicators of 
the two techniques. The combined diagnostic system 
outperforms individual examinations, particularly 
demonstrating high specificity (93.18%) in serial 
testing, which provides objective evidence for precise 
preoperative clinical assessment and aids in 
developing individualized surgical plans. Multi-
center, large-sample, and prospective studies are 
needed to further verify its reliability and 
generalizability. 
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