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Introduction

Triangular fibrocartilage complex  (TFCC) is composed 
of multiple distinct anatomic structures including the 
triangular fibrocartilage (TFC, the articular disk), meniscal 
homolog (MH), dorsal and volar distal radioulnar ligaments, 
the extensor carpi ulnaris tendon  (ECU), ulnar collateral 
ligament  (UCL),  ulnotriquetral  (UT) ligament, and the 
ulnolunate  (UL) ligament.[1,2] The TFCC is the main 
stabilizer of the ulnar‑sided wrist and the distal radioulnar 
joint (DRUJ). It is of significance in biomechanics and can 
dissolve and absorb the force between the ulna and ulnar 
side of the wrist. It helps to maintain the stability of the 

ulnocarpal joint and allows the stable motion of the wrist 
and the rotation of the forearm.[3‑10]

Injury on structural components of the TFCC may cause 
ulnar‑sided wrist pain and may lead to wrist instability. 

High‑resolution 3T Magnetic Resonance Imaging of the 
Triangular Fibrocartilage Complex in Chinese Wrists: 

Correlation with Cross‑sectional Anatomy
Hui‑Li Zhan1, Wen‑Ting Li2, Rong‑Jie Bai1, Nai‑Li Wang2, Zhan‑Hua Qian1, Wei Ye1, Yu‑Ming Yin3

1Department of Radiology, Beijing Jishuitan Hospital, Beijing Institute of Traumatology and Orthopedics, Beijing 100035, China
2Institute of Basic Medical Sciences, Chinese Academy of Medical Sciences, School of Basic Medicine, Peking Union Medical College, Beijing 100005, China

3MRI and CT Services, Radiology Associates, LLP, Corpus Christi, TX 78411, USA

Hui‑Li Zhan and Wen‑Ting Li contributed equally to this work.

Background: The injury of the triangular fibrocartilage complex (TFCC) is a common cause of ulnar‑sided wrist pain. The aim of this 
study was to investigate if the high‑resolution 3T magnetic resonance imaging (MRI) could demonstrate the detailed complex anatomy 
of TFCC in Chinese.
Methods: Fourteen Chinese cadaveric wrists (from four men and three women; age range at death from 30 to 60 years; mean age at 
46 years) and forty healthy Chinese wrists (from 20 healthy volunteers, male/female: 10/10; age range from 21 to 53 years with a mean 
age of 32 years) in Beijing Jishuitan Hospital from March 2014 to March 2016 were included in this study. All cadavers and volunteers had 
magnetic resonance (MR) examination of the wrist with coronal T1‑weighted and proton density‑weighted imaging with fat suppression in 
three planes, respectively. MR arthrography (MRAr) was performed on one of the cadaveric wrists. Subsequently, all 14 cadaveric wrists 
were sliced into 2 mm thick slab with band saw (six in coronal plane, four in sagittal plane, and four in axial plane). The MRI features 
of normal TFCC were analyzed in these specimens and forty healthy wrists.
Results: Triangular fibrocartilage, the ulnar collateral ligament, and the meniscal homolog could be best observed on images in coronal 
plane. The palmar and dorsal radioulnar ligaments were best evaluated in transverse plane. The ulnotriquetral and ulnolunate ligaments 
were best visualized in sagittal plane. The latter two structures and the volar and dorsal capsules were better demonstrated on MRAr.
Conclusion: High‑resolution 3T MRI is capable to show the detailed complex anatomy of the TFCC and can provide valuable information 
for the clinical diagnosis in Chinese.

Key words: Anatomy; Magnetic Resonance Imaging; Triangular Fibrocartilage Complex; Wrist

Access this article online

Quick Response Code:
Website:  
www.cmj.org

DOI:  
10.4103/0366-6999.202746

Abstract

Address for correspondence: Dr. Rong‑Jie Bai, 
Department of Radiology, Beijing Jishuitan Hospital, Beijing 

Institute of Traumatology and Orthopedics, Beijing 100035, China 
E‑Mail: bairongjie@126.com

This is an open access article distributed under the terms of the Creative Commons 
Attribution‑NonCommercial‑ShareAlike 3.0 License, which allows others to remix, 
tweak, and build upon the work non‑commercially, as long as the author is credited 
and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

© 2017 Chinese Medical Journal  ¦  Produced by Wolters Kluwer ‑ Medknow

Received: 11-01-2017 Edited by: Ning-Ning Wang
How to cite this article: Zhan HL, Li WT, Bai RJ, Wang NL, Qian ZH, 
Ye W, Yin YM. High-resolution 3T Magnetic Resonance Imaging of the 
Triangular Fibrocartilage Complex in Chinese Wrists: Correlation with 
Cross-sectional Anatomy. Chin Med J 2017;130:817-22.



Chinese Medical Journal  ¦  April 5, 2017  ¦  Volume 130  ¦  Issue 7818

Due to the anatomic complexity of TFCC, it remains a 
challenge for radiologists to make an accurate imaging 
diagnosis.[11] Therefore, some injuries may be missed 
or misdiagnosed, especially in the early stage, resulting 
in delayed diagnosis and treatment, delayed functional 
recovery, and reduced quality of life. The early accurate 
diagnosis of the injuries is critical for choosing the 
appropriate treatment protocols.[12,13] Magnetic resonance 
imaging  (MRI), a noninvasive method, can yield a 
high‑resolution image of soft tissue and visualize the 
detailed anatomic structures of TFCC. Several studies 
have shown that MRI, especially high‑resolution 3T MRI 
is the preferred imaging modality in the diagnosis of TFCC 
injuries.[14‑19] Magnetic resonance (MR) examination can 
help select the right treatment for patients with TFCC 
injuries who complain ulnar‑sided pain and can prevent 
further damages on patients’ wrists.[20]

This research was designed to outline the detailed 
anatomy and corresponding imaging appearance on the 
high‑resolution 3T MRI of the normal TFCC using cadaveric 
specimens and healthy volunteers. We aimed to investigate if 
the high‑resolution 3T MRI could demonstrate the detailed 
complex anatomy of TFCC in Chinese.

Methods

The study was adhered to the guidelines of the Declaration 
of Helsinki and approved by the Institutional Review 
Board of Beijing Jishuitan Hospital. Written informed 
consent was obtained from all participants in this study.

Cadavers and subjects
Fourteen Chinese cadaveric wrists were provided by the 
Institute of Basic Sciences, Chinese Academy of Medical 
Sciences. There were four men and three women with age 
range between 30 and 60 years at death and mean age of 
46  years old. All specimens contain distal part of radius 
and ulna, entire wrist and hand, which were kept at −42°C 
(Haier BioMedical, DW‑40W100, Qingdao, China) for the 
following experiments. All specimens were thaw at room 
temperature for 24 h before MRI was taken. Radiographs 
on posteroanterior and lateral projections were taken 
before MRI to exclude any osseous abnormalities on all 
the specimens.

The normal MRI features of TFCC were analyzed on 
forty wrists (from twenty healthy Chinese volunteers, ten 
men and ten women; age range from 21 to 53 years with a 
mean age of 32 years) without a history of wrist injuries in 
Beijing Jishuitan Hospital from March 2014 to March 2016. 
The including standards of the healthy volunteers were as 
following: no history of traumatic injury on the wrist, no 
osteoarthritis of the radiocarpal joint, free of wrist pain, and 
with a normal range of motion in wrist.

Magnetic resonance imaging
MR examination was performed with a 3T MRI Unit (5680 
DA Best, Philips Medical Systems, Netherlands) using a 

16‑channel hand‑and‑wrist receiver‑only coil (Philips Hand/
Wrist 16 3T Tim coil). The healthy volunteers were placed 
in prone position with the examined arms raised above the 
head, and the wrists were in neutral position in the center of 
the bore pinpointed by the laser mark. The cadaveric wrists 
were placed in the same way.

All cadaver specimens and wrists of volunteers 
underwent MRI with the following sequences: fat 
suppression proton density‑weighted imaging  (PD-
FS) in axial, coronal, and sagittal planes  (repetition 
time/echo time  [TR/TE]: 2347–3657 ms/40–45 ms) 
and T1‑weighted fast spin‑echo in coronal plane (TR/
TE: 521–780 ms/20–40 ms); section thickness: 2 mm; 
interslice space: 0.2  mm; number of excitations: 
2–4; field of view: 100–120  mm; and voxel: 0.15–
0.25 mm × 0.15–0.25 mm × 1.50 mm.

MR arthrography  (MRAr) was performed on one of 
the cadaveric wrists by intra‑articular injection of the 
contrast media (10 ml liquid mixture of 0.5 ml Gd‑DTPA 
[Beijing Beilu Pharmaceutical Co., Ltd., Beijing, China] 
with 100 ml normal saline  +  5  ml iohexol  [Beijing 
Beilu Pharmaceutical Co., Ltd.]) with T1 fat‑saturated 
(T1-FS) imaging in sagittal, coronal, and axial planes 
(TR/TE: 350 ms/34 ms).

Anatomic specimen preparation
After obtained MR images, all cadaveric specimens 
were immediately frozen in neutral position at  −42°C 
and were kept at this temperature for at least 24 h. Those 
specimens were subsequently sliced into 2-mm-thick slices 
(that corresponded to the section thickness of the MR images) 
with a Stainless Steel Band Saw (American Meat Equipment 
Corp, Montebello, USA). Six specimens were sectioned 
along the coronal plane, four along the sagittal plane, 
and four along the axial plane. Each slice was digitally 
photographed  (EOS 6D, Canon, Japan), and colored 
photographs were obtained for the anatomic correlation 
analysis with the corresponding MR images.

Magnetic resonance imaging: Anatomic comparison 
and analysis
All MR images were interpreted independently by two 
musculoskeletal radiologists who had 5–10  years of 
experience. TFCC of all these cadavers and volunteers was 
identified on the MR images according to their descriptions 
in literature. Based on the analysis of the MRI, the two 
radiologists reached a consensus regarding each structure of 
TFCC. The appearance of TFCC and signal intensity on MR 
images in 14 cadaveric specimens were compared with the 
appearance derived from the inspection of the corresponding 
colored photographs obtained from anatomic slices. The 
MR appearance of the normal TFCC in forty healthy wrists 
was analyzed and confirmed. Identification of each ligament 
of TFCC on MRI was by identifying the linear hyposignal 
intensity structure from its origin to its insertion on at least 
two diagnostic planes.
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Results

Anatomy of the triangular fibrocartilage complex
Analysis of the gross specimens confirmed that TFCC 
was composed of TFC (the articular disk), MH, dorsal and 
volar distal radioulnar ligaments, ECU, UCL, UT, and UL 
ligaments [Figures 1˗4].

The radial and ulnar sides of the triangular fibrocartilage
The TFC was the central structure of the TFCC. The radial 
side of the TFC was attached to the articular cartilage at 
the most distal aspect of the sigmoid notch of the radius. 
The ulnar side of the TFC inserted onto the ulnar fovea 
and the ulnar styloid process. The ulnar attachment of 
the TFC was composed of two distinct laminas, also 
refer to the triangular ligament  [Figures 1 and 2]. The 
distal lamina was oriented horizontally and lay between 
the TFC and the styloid process of the ulna. It was also 
attached to the tip of the ulnar styloid process. The 
proximal lamina was oriented vertically and curved 
from the undersurface of the TFC to the ulnar fovea. 
The two laminas were separated by an intervening layer 
of fibrovascular tissue, also known as the ligamentum 
subcruentum [Figures  1 and 2], which was typically 
triangular in shape and extended into TFC proper from 
a broad base near the fovea of ulna.

Meniscal homolog
The MH extended from the ulnar styloid to the dorsal edge of 
the triquetrum, hamate, and the base of the fifth metacarpal. 
It was adjacent to the ECU dorsally and was connected to 
lunotriquetral ligament (which was not the component of 
TFCC) on the volar side, whereas it was close to the UCL on 
the lateral side and was connected to the triquetrum through 
UT ligament. There was a synovial space between the TFC 
and MH, where fibers from both TFC and MH were attached 
to the ulnar styloid process, also termed as the prestyloid 
recess [Figures 1 and 2].

The dorsal and volar distal radioulnar ligaments
The dorsal and volar distal radioulnar ligaments, the main 
components of dorsal and volar marginal portions of TFC, 
respectively, extended from dorsal and volar rims of the 
sigmoid notch to the base of the ulnar styloid process. These 
two ligaments inserted directly into the distal radius, whereas 
the central portion of TFC inserted into the hyaline cartilage 
of the distal radius [Figures 1 and 3]. The main function of 
these ligaments was to prevent dorsal and volar subluxation 
of the DRUJ.

The other components of the triangular fibrocartilage complex
The ECU ran along the dorsolateral side of the ulnocarpal 
joint and inserted at the base of the fifth metacarpal. UCL lay 

Figure 2: Triangular fibrocartilage complex  (TFCC) in the right wrist of a 60‑year‑old cadaver specimen.  (a) Coronal anatomic comparison 
specimen;  (b) coronal PD-FS weighted image;  (c) T1‑weighted image of the wrist. Short arrow: The radial and ulnar insertions of TFC; △: 
Ligamentum subcruentum; Arrowhead: lunotriquetral ligament; ★: Meniscal homolog; Long white arrow: Prestyloid recess; White dotted arrow: 
Extensor carpi ulnaris; PD-FS: Proton density‑weighted imaging with fat suppression.
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Figure 1: Schematic diagram of triangular fibrocartilage complex in the right wrist. (a) Coronal illustration; (b) axial illustration demonstrated the 
anatomy of TFCC; (c) sagittal illustration shows the volar and dorsal capsules (arrow) originated from the volar and dorsal aspect of the TFC and 
inserted into the volar and dorsal edges of the triquetrum (arrowhead). TFC: Triangular fibrocartilage; MH: Meniscus homolog; UCL: Ulnar collateral 
ligament; ECU: Extensor carpi ulnaris tendon; UL: Ulnolunate ligament; UT: Ulnotriquetral ligament; LT: Lunotriquetral ligament; ★: Prestyloid recess; 
△: Ligamentum subcruentum; R: Radius; U: Ulna; L: Lunate; T: Triquetrum; DRUL: Dorsal radioulnar ligament; VRUL: Volar radioulnar ligament.
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on the surface of the MH and linked to the ECU and the MH 
closely [Figure 1]. UT, UL, and ulnocapitate ligaments lay on 
the volar side of the wrist. UT and UL ligaments originated 
from the volar side of the volar distal radioulnar ligament, 
while ulnocapitate ligament had a direct bony origin from 
the fovea of the ulnar head and located more superficial to 
the junction between the UL and UT ligaments. These three 
ligaments inserted to the palmar sides of the triquetrum, 
lunate, and capitate bone, respectively [Figures 1, 2 and 4].

The volar and dorsal capsules
The volar and dorsal capsules were formed by the ulnocarpal 
ligaments (included UT and UL ligaments) and MH, 
respectively. They originated from the volar and dorsal 
aspect of the TFC and inserted into the volar and dorsal 
edges of the triquetrum [Figure 1].

Magnetic resonance imaging appearance of triangular 
fibrocartilage complex
On MR images, the normal TFC  (the articular disk) 
showed low signal intensity in all the sequences including 
T1‑weighted image and PD-FS. In coronal MR images, 
TFC, triangular ligament, MH, ECU, and UCL were all 
clearly appreciated  [Figures  2 and 5]. In some cadavers 
and volunteers, lunotriquetral ligament, the dorsal distal 
radioulnar ligament, UT, and UL ligaments could be clearly 

identified. There were 14 Chinese cadaveric wrists and 30 
healthy Chinese wrists could find the part of the ulnocapitate 
ligament on MR images. The UT, UL, and the ulnocapitate 
ligaments played an important role in preventing palmar 
subluxation of the ulnar carpus. All ligaments showed low 
signal intensity on PD-FS images. The normal TFC had an 
asymmetrical bowtie‑shaped image with low signal intensity 
on coronal images. The signal intensity of the triangular 
ligaments was higher than that of the TFC and showed as 
hypointense or slightly hyperintense striated signal, and 
the ligamentum subcruentum presented as increased signal 
intensity on PD-FS images  [Figures  2 and 5]. The MH 
showed as a triangular shape and ran along the lateral joint 
capsule [Figure 2].

On the axial plane, volar and dorsal radioulnar ligaments 
were well recognized as a band of low signal intensity 
extending from the distal radius to the distal ulna along the 
volar and dorsal side of the TFC disk [Figures 3 and 5].

The TFC was biconcave shape in sagittal plane that was thick 
in the periphery and thin in the central portion [Figure 5]. 
On the sagittal plane, UT, UL ligaments, volar and dorsal 
capsules, and part of the ulnocapitate ligament could 
be well evaluated, which also showed band low signal 
intensity [Figure 4]. What is more, UT, UL ligaments, and the 

Figure 4: Triangular fibrocartilage complex in the right wrist of a 30‑year‑old cadaver specimen. (a) Sagittal anatomic comparison specimen; 
(b) sagittal T1‑weighted image of the wrist showed the ulnotriquetral ligament and the triangular fibrocartilage;  (c) sagittal T1 fat‑saturated 
weighted image with MRAr in the specimen displayed in Figure 2 showed the ulnotriquetral ligament. Besides, there is an artifact in the dorsal 
side. Arrowhead: Ulnotriquetral ligament; Arrow: Triangular fibrocartilage; MRAr: Magnetic resonance arthrography.

cba

Figure 3: Triangular fibrocartilage complex in the left wrist of a 30‑year‑old cadaver specimen. (a) Transverse anatomic comparison specimen; 
(b) transverse PD-FS; (c) T1‑weighted image. Arrowhead: The volar and dorsal radioulnar ligaments. Arrow: Triangular fibrocartilage; PD-FS: 
Proton density‑weighted imaging with fat suppression.
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volar and dorsal capsules could be visualized more clearly 
on sagittal T1 FS images with MRAr [Figure 4].

Discussion

The TFCC is a fibrocartilage‑ligament complex composed of 
multiple structures and plays an important role in stabilizing 
the DRUJ, transmitting the load between the carpus 
and ulna, and stabilizing the ulnar aspect of the wrist.[21] 
The complexity of the TFCC anatomy makes it difficult 
to diagnose the TFCC injuries accurately.[11] MRI, as a 
noninvasive examination, has a high resolution of soft tissue 
and can show the anatomic details of the TFCC. Therefore, 
MRI has become the single most important imaging modality 
for the hand surgeon and orthopedic surgeon in helping them 
to implement the appropriate treatment plans by revealing 
the nature, severity, location, and extent of the injuries and 
the associated injuries.[22‑27]

MRAr will show some fine anatomy more clearly, improve 
the diagnosis of the lesion within the joint, and increase 
the sensitivity and accuracy of diagnosis.[28‑30] In our study, 
we carried out the direct MRAr in one specimen, and in the 
sagittal plane, we could find the UT, UL ligaments, and the 
volar and dorsal capsules more clearly than conventional 
MRI.

As we have known, Palmer and Werner[8] first reported that 
the ulnocarpal ligaments were composed of the UT and 
UL ligaments. However, some literatures stated that the 
ulnocarpal ligaments also included the ulnocapitate ligament, 
and these ligaments were often titled as the ulnocarpal 
ligamentous complex.[10,31] In our study, we also can find the 

ulnocapitate ligament on both anatomic sections and MR 
images in some Chinese volunteers, which was inconsistent 
with what Theumann et al.[32] had found in their research 
where the ulnocapitate ligament was not seen on MR images. 
However, we failed to find the ulnocapitate ligament on MR 
images in ten wrists of volunteers involved in our study, 
and the discrepancy might be due to these structures were 
often confluent and indistinguishable from each other, as 
the literature stated.[10]

Although there are many descriptions about the complex 
anatomy of the TFCC, most of them put much emphasis on 
the coronal or axial view.[33] In our study, we found that the 
volar and dorsal capsules could be best visualized in sagittal 
images, especially with MRAr. Furthermore, by combining 
all three planes to make a comprehensive evaluation, we 
could find more details of the TFCC such as UT, UL, and 
the volar and dorsal capsules.

Due to the high sensitivity of MRI, it is easy to misdiagnose 
the normal variations in signal intensity as injury. Combining 
with literatures and our research,[34,35] we want to emphasis 
some common pitfalls about the structures. Ligamentum 
subcruentum, as a fibrovascular tissue, usually presents as 
increased signal intensity on PD-FS images and should not 
be misinterpreted as an injury to the ulnar attachment of the 
TFC. Prestyloid recess, a synovial space between the TFC and 
MH, is a normal synovial linked recess, may fill with joint 
fluid, presented as high signal intensity on PD-FS images, 
and should not be mistaken for an injury. On the coronal 
images, the proximal lamina appears as a striated pattern 
and  internally relatively high signal intensity. It is a normal 
appearance due to bundles of collagen fibers with vascular 
connective tissue that produce the relative higher signal, 
may mimic or mask tears, and make it difficult to accurately 
diagnose the tears of the ulnar attachment.[36] Since the radial 
side of the TFC is attached to the articular cartilage at sigmoid 
notch of the distal radius directly, it is a normal finding that 
there is intermediate signal intensity between the hyposignal 
intensity TFC and the subchondral bone of the distal radius.

In conclusion, the TFCC is a complex structure, and the 
high‑resolution 3T MRI is capable to demonstrate all the 
anatomic components. MRAr increases the sensitivity of 
detecting some of the smaller ligaments such as UT ligament. 
To evaluate the TFCC, one needs to look at the TFCC in all 
three planes. Familiar with the normal MR appearance of the 
normal structures is vital to distinguish normal anatomical 
structures from injuries.

Financial support and sponsorship
This study was supported by grants from the National Natural 
Science Foundation of China (No. 81371515), the Beijing 
Natural Science Foundation of China (No. 7142075), and 
the Capital Medical Development and Scientific Research 
Fund of China (No. 2016‑2‑1122).

Conflicts of interest
There are no conflicts of interest.

Figure 5: Normal triangular fibrocartilage complex in the right wrist of a 
32‑year‑old healthy male volunteer. (a and b) Coronal PD-FS weighted 
image and coronal T1‑weighted image of the wrist showed the TFCC 
had two attachments to the ulna, one inserting into the ulnar styloid 
tip (distal lamina) and the other one inserting into the fovea (proximal 
lamina) (arrowhead); (c) axial PD-FS weighted image showed the volar 
and dorsal radioulnar ligament (arrowhead); (d) sagittal image showed 
the band‑like appearance of the TFC. Arrow: Triangular fibrocartilage; 
PD-FS: Proton density‑weighted imaging with fat suppression; 
TFCC: Triangular fibrocartilage complex; TFC: Triangular fibrocartilage.
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