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Abstract: Triangular fibrocartilage complex is a major stabilizer of the distal radioulnar joint (DRU]J).
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Clinical relevance

The triangular fibrocartilage complex (TFCC) serves to
stabilize the distal radioulnar joint (DRU]J) by acting as
cushion for the ulnar head and lunate during the axial
loading of the wrist and ulnar deviation of the wrist (1-3). It
also limits ulnar deviation of the carpus (4).

TFCC tear often results from a fall onto outstretched hand
which severely increases axial loading or a hyperpronation
injury to the forearm (5). TFCC tear usually presents as
ulnar-sided wrist pain.

Another clinical manifestation of TFCC injury is DRU]J
instability. DRU]J instability can result in audible clicking
and pain during rotation of the forearm (6). Usually patients
have dorsal subluxation of the ulnar head on extreme
hyperpronation due to disruption of the dorsal radioulnar
ligament of the TFCC and dorsal DRU]J capsule (4).

Chronic TFCC tear can result in premature degeneration
of the ulnocarpal joint or DRU]J with osteophytosis,
cartilage loss, subchondral sclerosis, subchondral oedema
and cystic change. Chronic ulnar-sided wrist pain and
swelling with synovitis usually ensures.
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Normal anatomy

The TFCC is composed of ligament, cartilage and tendon.
These include the triangular fibrocartilagous articular disc,
volar and dorsal radioulnar ligaments, volar ulnotriquetral
and ulnolunate ligaments, ulnar collateral ligament, extensor
carpi ulnaris (ECU) tendon sheath and ulnomeniscal
homologue (3,7-9).

The central component of the TFCC is a triangular
fibrocartilage (Figure 1). The ulnar side is broader while
the dorsal and volar sides are thicker, giving it a bowtie
appearance on sagittal view. It may be fenestrated centrally,
especially in elderly due to degeneration. Ulnar positive
variant patients have thinner articular discs while the reverse
is true for ulnar negative patients making them more or less
prone to tendon degeneration and tears respectively (10).

On the volar side, the triangular fibrocartilage merges
completely with the volar radioulnar ligament which is
reinforced by the ulnotriquetral and ulnolunate ligaments
(Figure 1). These insert onto the volar aspect of the lunate
and triquetrum respectively, forming the anterior band of
the triquetral sling (11).
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Figure 1 Schematic diagram shows all the TFCC components,
including coronal (A) and axial (B) images. The triangular
fibrocartilage or articular disc is a central component of the
TFCC. On the medial side, the TFC attaches to ulnar styloid
process by a distal lamina (S) and the ulnar fovea by a proximal
lamina (F). On the dorsal and volar aspects, the TFC is inseparable
from the dRUL and vRUL. On the radial side, the TFC attaches
to the distal radial articular cartilage (R). Towards the dorsal side
of the ulnar aspect, the TFC attaches to the UMH and the UCL.
At around this region, the TFC also attaches to the ECU tendon
sheath. On the volar aspect, the TFC attaches to the lunate (L) and
triquetral (T) bones via the ulnotriquetral (UT) and ulnolunate
(UL) ligaments respectively. U, distal ulna; H, hamate. TFCC,
triangular fibrocartilage complex; dRUL, dorsal radioulnar
ligament; vRUL, volar radioulnar ligaments; UMH, ulnomeniscal
homologue; UCL, ulnar collateral ligament; ECU, extensor carpi

ulnaris.
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On the dorsal side, the triangular fibrocartilage merges
with the dorsal radioulnar ligament which is reinforced
by the dorsal radiotriquetral ligament (dorsal radiocarpal
ligament) forming the posterior band of the triquetral
sling (Figure 1). Since the volar and dorsal radioulnar
ligament are so closely integrated with the articular disc,
some authors consider this as simply thick, strong marginal
portions of the disc composed of lamellar collagen (4).

At the ulnar side, the triangular fibrocartilage is attached
to the inner side of the ulnar styloid process (just proximal
to the ulnar tip) by a distal lamina and ulnar fovea by a
proximal lamina (Figure I). The disc is broader at this
region. The tissue in between the two laminae is loose,
though highly vascularized, areolar tissue named the
ligamentum subcruentum.

At the ulno-dorsal aspect of the TFCC, the triangular
fibrocartilage is reinforced by meniscal homologue which
is situated in between the ulna and triquetrum (Figure I). It
has a common origin with the dorsal radioulnar ligament on
the ulno-dorsal corner of the radius (12) and inserts on the
ulnar border of triquetrum and 5" metacarpal base.

Some of TFCC fibres are also reinforced by ECU tendon
sheath (13). The ECU is situated within the ulnar notch and
surrounded by its synovial sheath and the investing fascia
of the wrist (4). They are further reinforced by the ulnar
collateral ligament which blends with the ECU tendon
sheath. It is noteworthy that there is no prominent ulnar
collateral ligament demonstrable on MR imaging (4,14)
and the existence of this as an isolated structure has been
challenged (15).

On the radial side, the triangular fibrocartilage is
attached to the articular cartilage covering the ulnar side of
the distal radius (Figure I).

The ulnar side of the articular disc and its supporting
structures are supplied by the ulnar and anterior interosseous
arteries (16). The central and radial aspects of the disc
are relatively avascular and comprise of chondrocytes in a
fibrocartilaginous matrix, helping to explain why central and
radial tear of the triangular fibrocartilage do not heal well if
repaired (17).

MRI technique

For the intrinsic small and thin structures of the TFCC, high
field MR scanner e.g., 3 Tesla MR scanner is ideally used to
acquire a high spatial, high contrast imaging data (1,18).

The ‘superman position’ with the hand raised up
and above the head can allow the wrist to be scanned
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Figure 2 Real time situation when the patient is undergoing MRI examination of the wrist within the MRI scanner. (A) In the MRI scanner,

the patient lies prone with the hand above the head in a “superman” position. Superman position allows the wrist to be scanned in the

isocenter of the magnetic field, which is more homogeneous. The wrist in this position is slightly semipronated; (B) a dedicated wrist coil

achieves a high resolution and signal to noise ratio. Motion artefact is the most commonly encountered problem during wrist imaging as the

patient needs to maintain still for approximately 20-30 minutes in prone and superman position.

in the isocenter of the magnetic field, which is more
homogeneous. The wrist in this position will be slightly
semipronated (Figure 24). The wrist should ideally be
scanned in a dedicated eight-channel wrist coil (Figure 2B)
which will enable acquisition of high resolution imaging
data to more clearly depict the small structures of the
TFCC.

Multiple different pulse sequences can be used for
imaging the TFCC including spin echo and fat-suppression
sequences (1). In our centre, we use high resolution proton
density coronal with fat and non-fat suppression sequences,
sagittal T2W fat-suppression sequence and axial proton-
density fat suppression sequences. Three orthogonal planes
are acquired allowing good correlation with each other.

Proton density sequences with or without fat suppression
can detect intradiscal degeneration. A tear is seen as fluid
signal filling an abnormal anatomical gap on T2W fat
suppressed sequences.

3D gradient echo sequences allow the acquisition of thin
contiguous sections Imm or less through the TFCC (19)
and no interslice gap. A recent study showed that punctate
calcifications within the disc indicating degeneration were
best depicted on the 3D gradient echoes sequence (20).
Quantitative MRI such as T'1 rho to look for changes of
mechanical properties of TFCC is still under research.

Although the sensitivity and specificity of MR
arthrography is overall unquestionably slightly better than
non-arthrographic MR imaging, in most instances it is not
necessary to perform an MR arthrogram to adequately assess
the structures of the TFCC. Whether or not to undertake

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

MR arthrography should consider local expertise, time and
cost efficiency, patient comfort, and clinical need. The vast
majority of surgically relevant pathology will be visible on
a non-arthrographic MR study, especially nowadays with
higher resolution data acquisition. Minor perforations and
small tears may be missed on non-arthrographic studies
though the relevance of these relatively minor injuries with
respect to surgical decision making is highly questionable
in most patients (3). In our institution, we perform MR
arthrography for younger patients, particularly if they are
athletic and/or considered good surgical candidates, or if
they have unexplained ulnar wrist symptoms with a prior
relatively normal non-arthrographic MR study of the wrist.
MR arthrography risks contamination of soft tissue detail
by contrast extravasation, does not allow one to appreciate
joint effusion and seems to lessen the depiction of mild
ulnocarpal synovitis.

MR arthrography can be indirect or direct (21-22). Direct
arthrography is performed using ultrasound or fluoroscopic
guidance (23) (Figure 3). We prefer to use ultrasound
approach primarily for its superior real time capability.
Though a limitation can be leakage of contrast from one
wrist compartment to the other due to a communicating tear
which cannot be seen during the injection.

Both ultrasound and flurosocopic guidance are from
the dorsal side because it is more superficial with less
intervening crucial anatomical structures.

Usually contrast injected into the radiocarpal joint is
enough to delineate any communicating tear. Contrast will
fill the gap of the tear allowing clear depiction by MRI. If

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):443-460
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Figure 3 Injection of diluted gadolinium is needed to obtain a
good MR arthrogram. (A) Fluoroscopic guidance is the traditional
method and the needle (block arrowhead) can be punctured
under real time scanning. This method is better than ultrasound
guidance because flow of contrast can be seen during the injection
and any communication from one compartment to another can be
seen which suggests communicating tear. In this patient, contrast
flow from the radiocarpal compartment to the distal radioulnar
compartment through a defect in TFCC (long arrow). Contrast
can also be seen flowing to the prestyloid recess (block arrow). No
communication with the mid-carpal compartment; (B) ultrasound
guidance of injection of diluted gadolinium into the radiocarpal
joint. The needle can be identified by its echogenic linear appearance
(block arrowheads). The tip can be seen contacting the distal radius;
(C) after contrast injection into the both compartments, fluid
distension of the radiocarpal and mid-carpal joints can be identified

(asterisks). TFCC, triangular fibrocartilage complex.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.
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there is a full thickness tear of the articular disc, the DRU]J
will also distend and the proximal surface of the triangular
fibrocartilage will be delineated by contrast. However,
if there is not full-thickness communicating tear, then
injection of contrast into the DRU]J is necessary. If only
the radiocarpal joint is injected, one may overlook a partial
thickness tear along the proximal surface of triangular
fibrocartilage or a tear of the proximal lamina attaching to
the ulnar fovea.

In ulnotriquetral and ulnolunate ligament tears, there
is no inter-compartment communication and thus there
is only capsular leakage of contrast material evident on
arthrogram or MR arthrogram after contrast is injected into
either the DRUJ or radiocarpal joint (24).

Indirect arthrography is possible since intravenous
contrast will diffuse into the joint space after about
20 minutes. The more synovitis is present, the more
likelihood of contrast accumulation within the joint
fluid. Schweitzer et /. and Herold et al. showed this
method to have a higher accuracy at depicting tears of the
TFCC (21,22). However, no communication from one
compartment to another can be demonstrated compared to
real time screening of contrast injection under fluoroscopy.

MR imaging of the TFCC can also be performed with or
without traction. The wrist traction device was set up with
the finger traps applied to the index and ring fingers and
connected to a preselected weight (7 kg for men and 5 kg for
women) by a nonelastic cord. The cord is routed over the
edge of the MRI gantry table. Traction is better following
direct MR arthrography since this removes the vacuum
effect pulling opposing bone surfaces together. Traction is
still possible, nevertheless, without prior direct arthrography
though the degree of distraction achieved is less. Traction
helps further improve the depiction of TFCC, and intrinsic
ligament tears as well as articular cartilage surface during
MR imaging of the wrist. The current likely hierarchy of
techniques for wrist imaging with respect to depiction of
tears and articular cartilage surface is suggested (Figure 4).

High resolution standard (i.e., non-arthrographic) MR
imaging of the wrist without traction is highly accurate in
the depiction of most TFCC pathology, particularly with
regard to determining whether surgery is necessary or not,
and this is by far the most widely used approach for high
quality wrist imaging in most clinical settings. The non-
standard approaches (direct/indirect arthrography, traction)
have been shown to add significant benefit in overall
accuracy though their use should be reserved for pre-
determined selected clinical cases.

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):443-460
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Normal appearances of TFCC

The central component of TFCC is a disc which is
composed of fibrocartilage and shows homogeneous low
signal intensity on spin-echo images (25) (Figures 5,6).
Slightly increased in signal intensity on short TE sequences
is related to mucoid degeneration, seen most commonly in
elderly patients.

The triangular fibrocartilage disc is biconcave bowtie
in appearance on coronal views, discoid on sagittal and
triangular on axial images. It is thicker on the dorsal and

Hierarchy of wrist MR imaging

Direct arthrography with traction

| more accurate than

Indirect arthrography with traction
more accurate than
Standard with traction OR
Direct/Indirect arthrography without traction

more accurate than

Standard without traction

Figure 4 The current likely hierarchy of techniques for wrist
imaging with respect to depiction of tears and articular cartilage

surface is suggested.

volar sides.

The thickness of the triangular fibrocartilage disc
depends on the degree of ulnar variance (6). In the ulnar
negative wrist, triangular fibrocartilage disc appears thick
and short and lies horizontal. In the ulnar positive wrist,
it appears thin and elongated and lies in a more vertical
orientation. A thin triangular fibrocartilage disc is more
vulnerable to tear.

The proximal and distal laminae appear striated in
appearance, less homogeneous and low in signal on all
sequences (Figures 5,6). The ligamentum subcruentum
appears as a higher signal intensity on T'1 and T2-weighted
images in between the laminae (4). On the radial side, the
triangular fibrocartilage is attached the cartilage rim of the
distal radius which is a high signal on PD or T2W images.

Ulnomeniscal homologue is fat signal on MRI and lies
just ulnar to the prestyloid recess (26). It is best seen on
coronal imaging (Figure 5B).

The dorsal and ulnar radioulnar ligaments are most easily
discerned on sagittal images (Figure 6). These are striated
in appearance and represent the thickest part of the margin
of the triangular fibrocartilage. They are homogeneous, of
slightly higher signal intensity and are not easily separated
from the triangular fibrocartilage (4).

The ulnotriquetral and ulnolunate ligament show
homogeneous low signal intensity. They can be identified

Figure 5 Proton density fat-suppressed MR arthrography images showing the important components of the TFCC on coronal images from

volar to dorsal. (A) Ulnotriquetral (long solid arrow) and ulnolunate ligaments (short solid arrow); (B) triangular fibrocartilage articular disc
(TFC) (asterisk) with radial attachment (R), foveal attachment (short block arrow), ulnar styloid process attachment (long block arrow),
meniscal homologue attachment (arrowhead); (C) most dorsal aspect of TFCC with dRUL (block arrowhead) and ECU tendon sheath
attachment (ECU). Small low signal foci in the ulnocarpal joint which is due to small gas locules introduced during injection of contrast.

TFCC, triangular fibrocartilage complex; dRUL, dorsal radioulnar ligaments; ECU, extensor carpi ulnaris.
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Figure 6 Normal appearance of the TFCC on sagittal T2W fat-suppressed (A) and axial proton-density fat suppressed (B) images. (A) The

TFC (asterisk) is concave in appearance on a sagittal view. On the volar side, the TFC is attaching to the volar radioulnar ligament (VRUL)

(long solid arrow) and more distally through the ulnotriquetral ligament (short solid arrows). On the dorsal side, the TFC is attaching to the

dorsal radioulnar ligament (block block arrow). These structures are not seen as distinct structures on MRI when they are normal; (B) the

TFC (asterisk) is barely seen on axial image. On the volar side, the TFC is attaching to a low signal linear structure representing the volar

radioulnar ligament (vVRUL). On the radial side, it attaches to the distal radial cartilaginous rim (R). On the ulnar side, the attachments are

very difficult to be appreciated at this level. However, the location of the distal ulnar styloid process (short block arrow) and the ECU can be

appreciated on this image. Fluid within the pre-styloid recess is seen (arrowhead). TFCC, triangular fibrocartilage complex; ECU, extensor

carpi ulnaris.

on coronal and sagittal images by tracing them from the
triangular fibrocartilage to the lunate and triquetral bones
on consecutive slices (24) (Figures 5,6).

Types of TFCC tears

According to Palmer’s classification, the TFCC tear is
divided into traumatic (type 1) or degenerative (type 2) tear.
Degenerative tear is not discussed in this manuscript which
primarily focuses on traumatic tears. Traumatic tears are
divided into A to D (Figure 7).

% 1A tear is at the central or paracentral region of the
triangular fibrocartilage. It is usually situated at the
paracentral region, ~2—4 mm from the radial attachment;

+% 1B is avulsion tear at the ulnar attachment with or without
an ulnar styloid fracture. The tear is either at the ulnar
styloid process attachment or the foveal attachment;

% 1C s avulsion tear at the distal attachment at the lunate
or triquetrum i.e., the ulnolunate and ulnotriquetral
ligament with or without avulsion fracture;

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

% 1D is avulsion tear at the radial attachment with or

without distal radial fracture.

The type of treatment is mainly dependent on the blood
supply. For 1A tear, since this part of the articular disc is
avascular, no repair can be done and only debridement
is performed. For 1B and 1C tears, the area of tear is
vascularized and surgical repair can obtain good result. The
current trend is to repair the TFCC under arthroscopy
(27,28). For 1D tear, there are various ways to repair,
depending on any associated ligament tear and DRU]J
instability. In some cases, ulnar shortening osteotomy or
arthroscopic wafer ulnar resection will be performed for
relieving the axial load and stress on the TFCC.

Limitations of palmar classification

This classification has its limitations. The TFCC tear at
the volar/dorsal radioulnar ligaments are not categorized
under Palmer’s classification (29). Type 1B tear have not
been further subclassified as tears of the foveal attachment,

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):443-460
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Figure 7 Schematic diagram showing the Palmar classification of
TFCC tears. (A) Coronal view shows the different types of tear
correspond to the location of the tear. Type 1A is central TFC
perforation. 1B, peripheral ulnar side TFCC tear (+ ulna styloid
fracture). 1C, distal TFCC disruption (disruption of distal UC
ligaments) and 1D, radial TFCC disruption (+ sigmoid notch
fracture); (B) axial view shows the different tear locations. A tear
on the volar and dorsal sides of the TFC involving the volar (VRUL)
or dorsal radioulnar ligament (IRUL) is not included in the Palmar

classification. TFCC, triangular fibrocartilage complex.

ulnomeniscal homologue, ulnar collateral ligament or ECU
subsheath. Thirdly, there is no further differentiation into
the full thickness or partial thickness tear or into different
tear configuration, e.g., flap, horizontal tear (5,29). Finally,
combined tear is not included which is not uncommon. Abe
et al. found that there were 32 combined tears in 173 wrists
(18.5%) (29).

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

MRI features of TFCC tear

"Tear is defined as fluid signal intensity extending through the
disc or ligament on fluid sensitive sequences, including proton
density, T2-weighted or gradient echoes sequences (30).
The tear can be a radial tear or named as slit-like radial or
vertical appearance i.e., parallel to the rim of the distal radius or
it can be horizontal in appearance. Combined tear or complex
tear is not uncommon which include two components.

Palmer 1A tear is common. A slit tear at the central and
paracentral region of the triangular fibrocartilage (Figure §8).
The tear can be partial-thickness tear or full-thickness tear.
Partial thickness tear only involves one articular surface,
usually the proximal surface. MR arthrography of the DRU]J
is good to depict this often subtle tear.

Palmer 1B tear is an avulsion of either the proximal
or distal lamina (Figure 9). This peripheral tear is the
most commonly missed. Indirect clues include altered
morphology, excessive fluid accumulation and focal synovitis
around this region (31). MR arthrography of the DRU]J will
also help to depict tears at the foveal attachment.

Ulnar detachment can be associated with avulsion fracture
at the base of the styloid process (32,33) (Figure 10). Non-
united styloid fracture in chronic TFCC tear with DRU]J
instability is not uncommon.

Other secondary signs include the extension of fluid
along the medial border of distal ulna, avulsive cystic
changes or bone marrow oedema of the ulnar styloid
process and fovea, and fascial oedema and fluid (3).

Palmer 1C tear is avulsion tear at the distal attachments
of the lunate or triquetral bone (Figure 11). Tears of the
UTL and ULL are usually intrasubstance tears with oedema
and thickening rather than fibre discontinuity. The normal
UTL and ULL are sometimes lax and slightly increased
signal (2) on short TE sequence. If abnormal signal is seen
within the ligaments on fluid-sensitive sequences, then a
tear is likely (34).

Palmer 1D tear is avulsion tear at the radial attachment
+ distal radial sigmoid fracture (Figure 12). Palmer 1D tear
is either avulsion tear of the TFCC or avulsion fracture at
the radial rim. When there is a tear at the radial side, it is
important to look for any remnant attaching to the radial
rim. If there is a small remnant present, it is termed a type
1A rather than 1D tear (4).

As mentioned in the previous paragraphs, the TFCC tear
can be found at the dorsal radioulnar ligament (Figure 13),
at the volar side (Figure 14) or at the ulnomeniscal
homologue (Figure 15) which are not under the classification

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):443-460
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Figure 8 Type 1A tear. (A) Schematic drawing showing the tear (pink circle) at the central or paracentral part of the TFCC. Proton density

fat suppression Coronal MRI images showing (B) full thickness tear with a small gap filled with fluid (short solid arrow). There is a small

remnant of TFC at the radial attachment (long block arrow). A small subchondral cyst is at the proximal ulnar side of the lunate bone (asterisk);

(C) partial thickness tear at the undersurface of the TFC (short block arrow). The distal surface of TFC is intact with the contour preserved

(solid arrowhead); (D) contour irregularity (block arrowhead) of the TFC is also a sign of TFC tear as in this case which was confirmed to be

a communicating full thickness tear during arthroscopy. TFCC, triangular fibrocartilage complex.

of Palmer’s classification. Some of tears are atypical in tear
configuration or in combination (Figure 16).

Since some of the TFCC tears will result in DRU]J
instability (1B to 1D) (29,35), the congruity of the ulnar
head within the sigmoid notch will be disrupted, causing
dorsal or volar subluxation. Dorsal instability is more
common. A lateral radiograph or a CT scan can be used to
confirm dorsal subluxation in neutral position (36). Mild
dorsal subluxation may only manifest on pronation and volar
subluxation on supination. For detailed evaluation, a CT scan
performed in the neutral, pronation and supination positions
is helpful. Usually both wrists are examined simultaneously as
some individuals simply have undue physiological laxity and
in this instance a comparable degree of laxity will be apparent

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

on both sides. Chronic instability of DRU]J will predispose
DRU]J degenerative change (Figure 17).

An ulnar positive variant is more frequently seen in
patients with TFCC tear because this leads to developmental
thinning of the articular disc with increase in force borne
by the distal portion of the ulna (37). Ulnocarpal impaction
may also be seen in these patients as evident by cartilage
thinning or focal cartilage loss at the ulnar proximal aspect
of the lunate (Figure 18), associated lunate bone oedema and
attrition tears of the luno-triquetral ligament.

It is difficult to differentiate between degenerative and
traumatic tears. The features favouring degenerative tears
include diffuse thinning of the triangular fibrocartilage,
ulnar positive variant, site of tear closer to the radial

gims.amegroups.com Quant Imaging Med Surg 2017;7(4):443-460
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Figure 9 Type 1B tear. (A) Schematic drawing showing the tear (pink circles) at the proximal and distal laminae of TFCC which attach to
the ulnar fovea and distal ulnar styloid process respectively. Proton-density fat-suppressed coronal MRI images showing (B) full-thickness
tear as evident by complete loss of fibres of proximal (short solid arrow) which are expected to attach to the fovea and the distal ulnar styloid
process; (C) another patient with a full thickness tear at the proximal (solid arrowhead) and distal laminae (block arrowhead) as evidenced by
fibre discontinuity. During arthroscopy, a hook sign and trampoline effect are suggestive of unstable tear of the TFCC. Trampoline sign is
positive when TFCC is soft and lax while hook test is positive when the TFCC can be pulled upward and radially towards the center during
the arthroscopy using the probe. They are indicative of peripheral tear and foveal tear respectively; (D) cystic changes within the proximal
and distal laminae of the TFCC attachments (long solid arrows) due to intrasubstance partial tear; (E) oedematous and thickened fibres of
the proximal and distal lamina (long block arrows) due to high grade partial tear. Overall lamina continuity seems to be maintained. TFCC,

triangular fibrocartilage complex.

attachment. Both types of tear frequently co-exist.

Accuracy of MRI in TFCC tear detection

Plain MRI scan

Standard MRI can achieve high performance in detection
of the TFCC tear. In a recent study, Zlatkin et 4/. found
that the sensitivity, specificity and accuracy was 92%, 89%

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

and 91% respectively (4). Johnstone and coworkers et al.
also found that the sensitivity and specificity was 90% and
70% respectively (38). Haims ez 4/. found that synovitis can
be used as a marker for ulnar-sided tear (31) though the
sensitivity and specificity are not high, which was 42% and
63% respectively. Oneson et al. found that sensitivity and
specificity of radial slit-like tear was 100% and 86% though
diagnosis of ulnar-sided tear was not so high (39).

Potter e 4l. have tried to use 3D-gradient echoes thin
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Figure 10 Type 1B tear. (A) Injury one week prior. Proton-density coronal MRI image showing moderately displaced fracture base of
ulnar styloid process (short solid arrow). The distal lamina is partially torn (short block arrow) with a complete tear of the proximal lamina
(solid arrowhead); (B) frontal radiograph shows fracture of ulnar styloid process (block arrowhead). The TFCC cannot be evaluated
radiographically; (C) proton density fat-suppressed coronal MRI image shows avulsion fracture of distal ulnar styloid process (long solid
arrow). The distal laminar fibres are intact (long block arrow) though mild increased abnormal signal suggests mild sprain. A complete tear
of the proximal lamina fibres (curved solid arrow) is also present. TFCC, triangular fibrocartilage complex.

Figure 11 Type 1C tear. (A) Schematic drawing showing tear of the ulnolunate and ulnotriquetral ligaments (pink circles); (B) proton
density fat suppressed coronal MRI image shows severe oedematous change with thickening at the ulnotriquetral ligament (short solid
arrow) consistent with a intrasubstance partial tear of this ligament; (C) proton-density fat suppression coronal MRI image of another
patient showed severe oedematous change with thickening at the ulnolunate ligament (short block arrows) attaching to proximal lunate (L)
consistent with an intrasubstance partial tear; (D) proton-density coronal MRI image of another patient shows avulsion fracture of proximal
triquetrum (T) at the attachment of the ulnotriquetral ligament (solid arrowhead).
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Figure 12 Type 1D tear. (A) Schematic drawing showing tear at the radial attachment (pink circle); (B) proton density fat-suppressed
coronal MRI image shows an avulsion tear present at the radial attachment (short solid arrow). Peripheral retraction of the TFCC is noted
(short block arrow). This patient had history of fracture distal radius with intraarticular extension (solid arrowhead); (C) proton density
coronal MRI of another patient showed avulsion tear at the radial attachment (solid arrowhead) associated with peripheral retraction of the
TFC leaving a gap filled up with fluid (block arrowhead). There is no remnant of the TFC at the radial attachment to suggest type 1A tear.
TFCC, triangular fibrocartilage complex.

Figure 13 Dorsal sided TFCC tear. (A) Schematic drawing showing tear at the dorsal radioulnar ligament (pink circles); (B) sagittal TIW
fat-suppressed MR arthrogram image shows a partial tear on the dorsal side of the TFC (solid arrow); (C) sagittal proton density fat
suppressed coronal MRI image shows almost complete detachment of the TFCC at the dorsal radioulnar ligament (solid arrow); (D) proton
density fat-suppressed coronal MRI image showing a severely oedematous and thickened dorsal radioulnar ligament (solid arrowheads) due
to severe partial tear; (E) T2-weighted fat suppressed sagittal MRI image of another patient showing moderate thickening and oedema of
the dorsal radioulnar ligament due to a severe partial tear (block arrowheads). TFCC, triangular fibrocartilage complex.
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Figure 14 Volar sided TFCC tear. (A) Schematic drawing depicting a tear of the volar radioulnar ligament (pink circles); (B) T1-weighted
fat-suppressed axial MR arthrogram shows thickened, oedematous severely torn volar radioulnar ligament (short solid arrows); (C)
corresponding sagittal T1-weighted fat suppressed MR arthrogram shows this thickened and oedematous volar radioulnar ligament (long
solid arrows) is still attached to the TFC which itself is also thickened and oedematous consistent with severe partial tear (block arrows). P,

pisiform; T, triquetral. ECU, extensor carpi ulnaris; TFCC, triangular fibrocartilage complex.

Figure 15 Ulnomeniscal homologue tear. (A) Schematic drawing depicting a tear at the ulnomeniscal homologue (pink circle); (B) coronal
T1-weighted fat-suppressed MR arthrogram showing partial tear at the ulnomeniscal homologue (solid arrows) extending from the distal
ulnar attachment proximally to the triquetral attachment distally. The detachment of the ulnomeniscal homologue to the periphery of TFC
(asterisk) can be appreciated. TFCC, triangular fibrocartilage complex.
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Figure 16 Atypical TFCC tear. (A) Coronal proton density fat-suppressed MR image shows atypical tear of the TFC centrally located and
extending from the distal surface (block arrow) to the foveal attachment (solid arrow). This is due to a combination of Palmar classification
type 1A and type 1B tears; (B) coronal proton-density fat suppressed MR image shows chronic avulsion fracture at the base of distal ulnar
styloid process (solid long arrow). Associated with abnormal high signal in the attachment of TFCC (solid arrowhead). Features are
compatible with Type 1B tear. There is also a small linear tear at the paracentral portion of the TFC (block long arrow) compatible with
type 1A tear; (C) frontal radiograph of the same patient shows the non-united fracture at the base (block arrowhead) of the ulnar styloid
process (type 2). Type 2 fracture is usually associated with TFCC disruption and DRU]J instability. About 65% of patients have non-union
of ulnar styloid fractures; (D) coronal proton density fat-suppressed MR image in a patient with DRU]J instability clinically showing a severe
partial tear of the proximal (curved solid arrow) and distal laminae (block curved arrow) at the styloid and foveal attachments respectively; (E)
in the same patient more dorsally, there is a severe sprain of the dorsal radioulnar ligament with thickening and oedema (asterisk). TFCC,

triangular fibrocartilage complex; DRU]J, distal radioulnar joint.
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Figure 17 Dorsal subluxation of the DRU]J. (A) Axial proton density fat-suppressed MR image. There is dorsal subluxation of the distal
ulna at the sigmoid notch associated with moderate subchondral cystic changes (block long arrows) of the radius; (B) coronal proton density
fat-suppressed MR image of another patient showed an ulnar-sided tear of the TFCC (solid long arrow). There is severe degeneration of the
DRU]J with osteophytes (solid curved arrow) and joint effusion due to chronic DRUJ instability. TFCC, triangular fibrocartilage complex;
DRUJ, distal radioulnar joint.

Figure 18 Ulnocarpal impaction. (A) Coronal proton density fat-suppressed MR image shows type 1a paracentral region tear (solid arrow)
associated with subchondral cystic changes on the ulnar proximal aspect of the lunate (block arrow) consistent with ulnocarpal impaction.
Mild ulnar positive variance is present; (B) coronal proton density fat-suppressed MR image of another patient also shows type la tear at
the paracentral region of the TFCC (solid arrowhead) associated with subchondral cystic changes on the ulnar proximal aspect of the lunate
(block arrowhead) with mild overlying cartilage irregularity. Features consistent with ulnocarpal impaction. TFCC, triangular fibrocartilage
complex.
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Figure 19 Comparison of TFCC visualization by non-arthrogram MRI (A) and MR arthrogram (B). Before injection of contrast, the

prestyloid recess (block curved arrow) is not distended and the radiocarpal joint surface of TFCC cannot be well delineated. After contrast

injection into the joint, the joints are well distended including the prestyoid recess (block curved arrow) and DRU]J (solid curved arrow). The

surface of the TFCC can now be well delineated (solid arrows). TFCC, triangular fibrocartilage complex; DRU]J, distal radioulnar joint.

slices to improve the diagnosis of TFCC tear showing how
MRI could achieve sensitivity and specificity up to 100%
and 90% respectively (19).

MR arthrography

MRA was considered better than standard MR to depict
central and peripheral tears with sensitivity and specificity
more than 90% (40-43) (Figure 19).

Rarely, false negative diagnoses may occur for
communicating tear when scar and fibrosis block the flow of
contrast through the defect (44).

Herold ez 4l. studied 45 patients and found that MR
arthrogram using an indirect arthrogram method is better
to detect TFCC defect with a sensitivity, specificity and
accuracy of indirect arthrography were 100%, 77% and 93%
respectively (22). Schweitzer et al. also found that MR
arthrogram could achieve 100% accuracy though the sample
size is small (21). However, some authors found that there is no
significant difference when compared to non-enhanced MRI
scan (45).

Multi-detector computed tomography (MDCT)

arthrography

MDCT arthrography was advocated as an alternative to

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

MR arthrography for its better resolution but its potential
benefit is still controversial (23,46,47).

MR wrist with traction

Recently, MR wrist traction was proven to have significantly
improved the visibility and detection of TFCC tears. The
accuracy of TFCC tear has increased from 83 % to 98% (48)
(Figure 20). MR with traction is well tolerated and does not
increase the examination time too much as almost all the
preparation work is completed before entering the scanning
room (48).

Pitfalls of MRI in TFCC tear detection

Mucoid degeneration will render the TFCC high signal
intensity on short TE sequence, i.e., T1-weighted and
proton-density sequences simulating tears (49). This
alteration in signal intensity reflects alteration in the water
binding property of the TFCC disk (50).

The most difficult area for detection of TFCC tears is
the peripheral tear at the ulnar side, at the ulnar styloid and
foveal attachements, especially for low field MRI studies (39).
Haims et al. found that the sensitivity, specificity and
accuracy of detection of peripheral ulnar tear were only
17%, 79% and 64% only (31).
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Figure 20 Comparison of TFCC visualization using non-traction MRI (A) and tracdon MRI (B). Before traction, there is a tear depicted

at the foveal attachment (block arrow) of the TFCC but the styloid attachment appears intact (solid arrow). After traction, discontinuity

at the styloid attachment can be fully appreciated (solid arrow). The radiocarpal and the mid-carpal joints are widened following traction

(arrowheads). TFCC, triangular fibrocartilage complex.

The ligamentum subcruentum is loose areolar tissue
situated between the proximal and distal laminae. It appears
intermediate or slightly high T2W or proton density signal
and this can mimic a tear in this region (51,52).

The attachment of the TFCC at the radial articular
cartilage, which appears hyperintense on proton and T2W
sequences, can also mimic a tear (52) but is easy to recognize
once you are aware of this pitfall. Peripheral and undersurface
tears of the triangular fibrocartilage can be obscured by
synovitis (4). MR arthrogram is useful to differentiate a tear
or synovitis if it cannot be differentiated by plain MRI.

Conclusions

MRI imaging is extremely helpful in revealing the normal
anatomy and injury to the TFCC. Nowadays, with high or
medium-field strength MR systems, high accuracy can be
achieved in detecting and characterizing the specific type of
injury present. Good quality MR imaging acquisition is a
pre-requisite as it allows careful interpretation of the TFCC
by a radiologist familiar with the normal MR anatomy of
the TFCC as well as the likely injuries that can occur. In
most instances, a standard high-resolution MR examination
will suffice. Though in particular clinical settings, such as
in professional athletes, MR arthrography and traction will
help to maximize accuracy in those situations where doubt
still exists after standard MR imaging.
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