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Abstract
Introduction: Triangular fibrocartilage complex (TFCC) plays
a vital role in stabilizing the ulnar side of the wrist, whose
injury potentially causes ulnar sided wrist pain.
Conventional 2D-MR sequences have limitations in
exhibiting the fine anatomy of TFCC. A three-dimensional
fast spin-echo pulse sequence with parallel imaging and
extended echo train acquisition (3D-FSE-CUBE) sequence is
a sensitive imaging technique for ligaments and articular
cartilage. It can completely replace 2D FSE in clinical
application to complex joint examination, which helps
improve the accuracy of diagnosis. The number of
researches on the wrist joint is minimal. Therefore, we
applied the 3D cube sequence to estimate its diagnostic
significance in the wrist joint.

Materials and Methods: Seventeen adult healthy
volunteers (11 males and six females) were enrolled, which
in total makes thirty-four wrist joints, aged 22-42 years old
(mean ± SD; 29.00 ± 4.42). We utilized conventional MRI
and 3D cube sequences to examine all of these volunteers’
wrist joints, measure the signal-to-noise ratio (SNR) of each
sequence, and record the display rate of TFCC structures in
each sequence. We compared SNR among the various
sequences by using a paired t-test, and the difference was
statistically significant with P ≤ 0.05.

Results: The 3D Cube-T2 sequence has a higher display rate
compared to the 2D-FSE-T2 for displaying ulnolunate (UL),
ulnotriquetral (UT), and Ulnar collateral ligaments. The 3D-
Cube-T1 sequence has a higher display rate compared to
the 2D-FSE-T1 sequence for UL, UTand Ulnar collateral
ligaments. The SNR of 3D-Cube-T1 is significantly higher
when compared with 2D-FSE-T1 (p = 0.00). A significant
difference between the SNR of 3D Cube-T2 and 2D-FSE-T2
was not noticed (p = 0.56).

Conclusion: Coronal 3D cube sequence has better SNR and
a higher TFCC display rate, which can be used as a routine
sequence to observe TFCC and its surrounding ligaments.

Keywords: Triangular fibrocartilage complex; 3D-FSE-
cube; MRI; Anatomy

Introduction
Triangular fibrocartilage complex (TFCC) is an essential

stabilizing structure on the ulnar side of the wrist. Its
components include [1,2]: triangular fibrocartilage disc, dorsal
and volar distal radioulnar ligaments, ulnotriquetral ligament
(UT), ulnolunate (UL)ligament, Ulnar collateral ligament (UCL),
meniscus homolog (MH), the extensor carpi ulnaris tendon
(ECU) and the sheath of the extensor carpi-ulnaris tendon. Injury
of trigonal fibrocartilage complex is the leading cause of ulnar
sided wrist pain [3]. The pain and dysfunction of the wrist
seriously affect the quality of life of the patients. At present, the
gold standard for the diagnosis of TFCC is wrist arthroscopy [4],
but its invasive nature limited its popularity. High tissue contrast
and multiplanar imaging are some of the essential
characteristics of MRI. It is a thriving, noninvasive, and clinically
suitable method for assessing cartilage, tendon, and ligament
injury [5]. However, currently, some studies have shown that
conventional 2D-MR sequences have limitations in displaying
the fine anatomy of TFCC.

Three-dimensional fast spin-echo pulse sequence with parallel
imaging and extended echo train acquisition (3D-FSE-cube)
sequence [6] is a newly developed image technology. It adopts
parallel acquisition imaging and extended echo-train acquisition
length technology, has SE sequence contrast [7], and
dramatically reduces partial volume artifacts through thin-layer
volume scanning. In the current imaging of knee joint and ankle
joint [8,9], the 3D cube T2WI sequence is very sensitive to the
ligaments and articular cartilages. In the clinic, it can completely
replace 2D FSE for the examination of complex joints, which is
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helpful to improve the accuracy of diagnosis. However, there are
very few studies in the literature on the wrist joint.

The purpose of this study is to compare 3D-FSE-cube T2WI
with the traditional 2D-FSE scanning sequence and to
investigate the advantages and disadvantages of a 3D scanning
sequence in displaying the anatomical details structures of
triangular fibrocartilage of the wrist joint, to provide more
reliable technical support for MRI clinical diagnosis of the wrist.

Materials and Methods
This study was approved by the institutional review

committee of the First Affiliated Hospital of China Medical
University, Shenyang, Liaoning, P.R. China, and informed
consents were taken from all volunteers.

From December 2018 to February 2020, seventeen healthy
volunteers (eleven males and six females; mean age ± SD, 29 ±
4.5 years; aged from 22 to 42 years) were enrolled in this study.
All participants were medical professionals, either resident
students or hospital staff. All subjects were thoroughly screened
in a structured interview by a radiologic technologist. The
exclusion criteria were wrist pain in the past six months, wrist
trauma that needed medical intervention, wrist surgery, and
fracture, or dislocation of either component of carpal joint such
as variations of carpal bones, radius, ulna.

MR imaging protocol
Images of the examinees were obtained utilizing the 3.0T MR

imaging (signa pioneer, General Electric (GE) Healthcare,
Milwaukee, WI, USA). A 16-channel flex coil was used in both
2D-FSE and 3D cube sequences to scan bilateral wrist joints of all
seventeen participants in the conventional coronal plane.

We acquired a T2 weighted image (T2WI). All volunteers were
placed on the MRI table with a “superman” position (the patient
was prone with arm extended over the head). Their forearms
were extended and pronated; the back of the hand was fixed
with a pressurized sandbag. A cushion pad was placed under the
chest and head for extra comfort. We aligned the center of the
coil was with the wrist joint and placed it in the isocenter of the
imager. In the case of body displacement to the opposite side,
the maximum efforts was made to maintain the scanned wrist
joint closer to the center of the magnetic field as possible, and
the wrist was fixed so that it could not move in the coil. The
scanning parameters of all subjects are the same, and the
specific MR scanning parameters are as follows; 2D-FSE-T1: TR:
510(ms)TE:16.3/frFA:111 deg.Slices:3.0 (mm)FOV:20*20 cmScan
time: 1:35 min; 2D-FSE-T2: TR:1690 (ms)TE:57.3/frFA:111
degreeSlices: 3.0(mm) FOV: 20*20 cmScan time: 2.19 min; Cube-
T1: TR:562 (ms)TE:17.6/frFA:90-degree, Slices:1.00 (mm)FOV:
20*20 cmScan time:3:31 minCube-T2: TR:2113 (ms)TE: 121.4/
frFA: 90deg.Slices: 1.0 (mm)FOV: 20*20 cmScan time: 3:35 min.

Biopsy technique
CT biopsies were performed using a 19-gauge co-axial

introducer needle (Bard R Truguide) with a 22-gauge Chiba
biopsy needle (COOK) for fine-needle aspiration (FNA). All FNA

samples were assessed for adequacy by a cytopathologist and
cytotechnologist (Rapid On Site Evaluation, ROSE). Core samples
were obtained using a 20-gauge cutting needle (Care Fusion)
when the FNA samples were deemed inconclusive by the onsite
cytopathologist or in case of suspected lymphoma. When
performed, the core samples were fixed in 7.5% formalin
solution for histopathology analysis.

Image analysis
After scanning, the images were delivered to the Advantage

Windows (functool version 9.3.01, general electric, Milwaukee,
USA) workstation of GE company for analysis. Adw4.6
workstation was used for image analysis and review. A region of
interest (ROI) was manually defined. We measured three times
the signal of the same region of interest (ROI) at the same
anatomic level for each sequence and calculated the average
value. The average signal intensity of the background noise of
the triangular fibrocartilage disc homologs and the artifact-free
area medial to the wrist joint was measured. The measurement
method is shown in (Figure 1): ROI1: Triangular fibrocartilage
homolog. ROI2: The intensity of background noise on the medial
side of the wrist of the artifact-free area. The area of ROI was 2
mm*2 mm. Signal to noise ratio (SNR) was defined as “mean of
signal strength of ROI1/ mean of signal strength of ROI2”. Two
senior radiologist doctors familiar with the anatomy of TFCC
evaluated the anatomic structure of TFCC in 2D and 3D-FSE-cube
images and reached a unified conclusion. They calculated the
display rate of each anatomical structure.

Figure 1: SNR measurement method White ο is region of
interest (ROI) area; 1 is triangular fibrocartilage complex
(TFCC) signal intensity; 2 is background noise signal intensity;
the two ROI sizes are the same.

Statistical analysis
We used SPSS v.19.0 software (Chicago, IL, USA) to analyze the

data. The paired sample t-test was used to analyze and compare
the SNR differences between the sequences, and the Chi-square
test was used to analyze the display rate of 3D-FSE-cube and 2D
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sequences to show each anatomical structure of TFCC. A p ≤
0.05 was considered statistically significant in all tests.

SNR of each sequence
The SNR of 3D-Cube-T1 is significantly higher when compared

with 2D-FSE-T1 (p<0.05). A significant difference between the
SNR of 3D Cube-T2 and 2D-FSE-T2 was not noticed (p>0.05). See
Table 1 for specific values.

Table 1: Analysis of TFCC SNR difference between 3D cube
sequence and 2D-FSE sequence

Sequenc
e

Mean SD T value P value Sample
size N

3D-Cube
T2

1.87 0.31 4.74 0.56 34

2D-FSE-
T2

1.52 0.33

3D-Cube
T1

12.48 3.36 12.2 0.000 34

2D-FSE-
T1

5.39 1.57

TFCC display rates of different anatomical structures
in different sequences

Triangular fibrocartilage disc: 3D-Cube-T2 100% (34/34); FSE-
T2 100% (34/34); 3D-Cube-T1 100% (34/34); FSE-T1 100%
(34/34).

Dorsal and volar distal radioulnar ligaments: 3D-Cube-T2
100% (34/34); FSE-T2 100% (34/34); 3D-Cube-T1 100% (34/34);
FSE-T1 100% (34/34)

Ulnolunate (UL)ligament: 3D-Cube-T2 97.1% (33/34); FSE-T2
5.9% (2/34); 3D-Cube-T1 82.4% (28/34); FSE-T1 0% (0/34).

Ulnotriquetral ligament (UT): 3D-Cube-T2 100% (34/34); FSE-
T2 88.2% (30/34); 3D-Cube-T1 88.2% (30/34); FSE-T1 85.7%
(27/34).

Ulnar collateral ligament: 3D-Cube-T2 100% (34/34); FSE-T2
85.3% (29/34); 3D-Cube-T1 94.1% (32/34); FSE-T1 85.3%
(29/34).

The sheath of the extensor carpi-ulnaris tendon and meniscus
homolog (MH): 3D-Cube-T2 100% (34/34); FSE-T2 100% (34/34);
3D-Cube-T1 100% (34/34); FSE-T1 97.1% (33/34).

The 3D Cube-T2 sequence has a higher display rate compared
to 2D-FSE-T2 for displaying of ulnolunate (UL), ulnotriquetral
(UT), and ulnarcollateral ligaments (UCL) The 3D-Cube-T1
sequence has a higher display rate compared to the 2D-FSE-T1
sequence for UL, UT, and Ulnar collateral ligaments. As shown in
Figure 2.

Figure 2: shows the anatomical structures of TFF. A: White
narrow arrow demonstrates UL, white arrowhead
demonstrates UT, thick white arrow demonstrates UCL. Note:
UL: Ulnolunate; UT: Ulnotriquetral; UCL: Ulnarcollateral
Ligaments.

Discussion
The wrist joint is a biaxial, ellipsoid-type joint that bridges the

hand to the forearm. Its functional state directly affects the
function of the hand, especially the fine activity of hand. Wrist
joint pain and dysfunction seriously affect the quality of life of
the patient. Presently the gold standard for the diagnosis and
treatment of TFCC injury is thought to be wrist arthroscopy [10].
This modality diagnoses and treats the injuries of articular
cartilage and ligaments via direct vision. Still, the lack of
experience of the clinical doctors of this technique and leads to
less usage of wrist arthroscopy in China. Moreover, its invasive
nature is another obstacle to clinical application.

The high tissue contrast, multiplanar imaging, and non-
invasiveness of MRI made it a practical and clinically useful
modality for the evaluation of cartilage, tendon, and ligament
injury [11-14]. It is extensively utilized to diagnose and assess of
carpal diseases due to its high diagnostic sensitivity and accuracy
[15].

The wrist joint has a complex structure with short ligaments
that run in different directions. The main difficulties for the
conventional 2D sequence to clearly visualize TFCC are the
inherent pitfalls of the conventional 2D sequence, such as the
layer thickness, the layer spacing, and the partial volume effect
as well as the complexity of the TFCC with its surrounding
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attached ligaments. Three-dimensional volume scanning
technology overcomes these limitations [16-21]. There is no
layer thickness and layer spacing limitations in 3D cube
scanning. It can maintain the same resolution within and
between layers, avoid partial volume artifacts. It can carry out
image reconstruction in any direction after a single scan, can
realize multi plane reconstruction after a single scan, and
facilitate the accurate evaluation of joint ligament, tendon, and
cartilage.

The rapid advancement of imaging modalities, software
development, and application of many novel imaging sequences
significantly shortened the scanning time of MRI. The significant
shortage in the scanning time of the MRI overcomes the long
time and low SNR limitations of previous three-dimensional
sequences, and make it possible to apply long time-consuming
3D sequences in the clinical practice. Three-dimensional fast
spin-echo pulse sequence with parallel imaging and extended
echo train acquisition(3D-FSE-CUBE) sequence [6] is a newly
developed image technology. It adopts parallel acquisition
imaging and extended echo train length, has SE sequence
contrast, and dramatically reduces partial volume effect artifacts
through thin-layer volume scanning.

In this study, the SNR of 3D-CUBE-T1 was significantly higher
than that of 2D-FSE-T1, 3D-CUBE-T2 and 2D-FSE-T2 were not
significantly different. Preliminary studies in China and abroad
have applied this sequence to ankle joint examination [7,20,22],
and have confirmed this sequence’s superiority. It can provide
information that cannot be obtained by conventional MRI
examination, and its SNR is not lower than that of the 2D FSE
sequence [23,24], which is consistent with our research results.
Furthermore, KJ et al. used 1.5T MRI to examine the wrist joint
3D-CUBE in healthy volunteers, and the SNR of the image was
not lower than that of the conventional 2D-FSE sequence [25].
Nevertheless, we found that the 3D-CUBE-T2 sequence has a
higher display rate for UL, UT, and Ulnar collateral ligaments
than that of 2D-FSE-T2. The 3D CUBE-T1 sequence has a higher
display rate for UT, UL, and UCL than the 2D-FSE-T1 sequence,
which shows the superiority of the 3D sequence.

Moreover, the scanning time is one of the critical issues for
the application of 3D scanning technology. In this study, the
scanning time of 2D-FSE-T1 is 1:35min, that of 2D-FSE-T2 is
2.19min, that of CUBE-T1 is 3:31min, and that of CUBE-T2 is
3:35min. Considering the time consumption for the multi-
directional scanning of the 2D-FSE sequences, and that of multi-
directional reconstruction after every single scanning of 3D
sequences, the total examination time is not significantly
prolonged.

MRI is the most effective noninvasive examination method for
a TFCC injury. It has the characteristics of high-level multiplanar
imaging with soft tissue resolution. Only by mastering the
normal anatomical MR manifestations of TFCC, we can make a
correct diagnosis of its injury. The three-dimensional sequence
improves spatial resolution. Only by learning the three-
dimensional MR sequence of healthy TFCC structure, we can
easily detect even a slight injury of TFCC.

Like every other study, this work also has several limitations.
First of all, there are fewer samples in this study. Larger sample
size will help to increase the accuracy of the results further.
Secondly, to improve the subjects' compliance, the 3D cube
sequence was selected in this study, so we needed to compare
the axial view of the MR image of the writ joint between
different 3D sequences. Further research is significantly crucial
for optimizing MRI parameters and reducing the scanning time
as much as possible.

Conclusion
In this study, the coronal view of 2D-FSE and 3D CUBE FSE

sequences were compared and found out that MRI is an
advantageous diagnostic method to find out the vital index of
TFCC injury noninvasively. The coronal 3D cube sequence has
good SNR and a higher TFCC display rate. It can be used as a
routine sequence to observe TFCC and its surrounding
ligaments, which provides a sufficient basis for clinical diagnosis,
a broad clinical application prospect.
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