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High-resolution 3-T MRI of the triangular fibrocartilage complex
in the wrist: injury pattern and MR features
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Abstract
Objectives To investigate if using high-resolution 3-T MRI
can identify additional injuries of the triangular fibrocartilage
complex (TFCC) beyond the Palmer classification.
Materials and methods Eighty-six patients with surgically
proven TFCC injury were included in this study. All patients
underwent high-resolution 3-T MRI of the injured wrist. The
MR imaging features of TFCCwere analyzed according to the
Palmer classification.
Results According to the Palmer classification, 69 patients
could be classified as having Palmer injuries (52 had traumatic
tears and 17 had degenerative tears). There were 17 patients
whose injuries could not be classified according to the Palmer
classification: 13 had volar or dorsal capsular TFC detachment
and 4 had a horizontal tear of the articular disk.
Conclusion Using high-resolution 3-TMRI, we have not only
found all the TFCC injuries described in the Palmer classifi-
cation, additional injury types were found in this study,

including horizontal tear of the TFC and capsular TFC detach-
ment. We propose the modified Palmer classification and add
the injury types that were not included in the original Palmer
classification.
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Introduction

Triangular fibrocartilage complex (TFCC) is composed of tri-
angular fibrocartilage (TFC, the articular disk), meniscal ho-
molog (MH), dorsal and volar distal radioulnar ligaments, the
extensor carpi ulnaris tendon (ECU), ulnocarpal collateral lig-
ament (UCL), and ulnotriquetral (UT) and ulnolunate (UL)
ligaments. The TFCC is the main stabilizer of the ulnar-
sided wrist and the distal radioulnar joint (DRUJ). It plays a
significant role in wrist biomechanics and can dissolve and
absorb the force transmitted between the ulna and ulnar side
of the carpal bones. It plays an important role in maintaining
the stability of the ulnocarpal joint and allows the stable mo-
tion of the distal radioulnar joint during the rotation of the
forearm [1–7]. Injury to one or more of the TFCC components
may cause ulnar-sided wrist pain and may lead to wrist
instability.

Magnetic resonance imaging (MRI) can yield a high-
resolution image of soft tissue and visualize the detailed ana-
tomical structures of the TFCC. MRI, especially the high-
resolution 3-T MRI has been regarded as the preferred imag-
ing modality in the evaluation of TFCC injuries [8–13]. In
1989, based on the cause, location, and extent of TFCC inju-
ries, Palmer successfully introduced a classification system for
TFCC injuries, which has been widely used and is critical in
selecting the treatment options [14]. With the advanced 3-T
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MR scanner available, we have found more injury types that
were not covered by the original Palmer classification.

This research was designed to study if the Palmer classifi-
cation could include all the different injury patterns found on
high-resolution 3-T MR and investigate their MRI features in
surgically proven cases of TFCC injuries.

Materials and methods

This research protocol was reviewed and approved by our
institutional ethics review board. Informed consent was ob-
tained from all individual participants included in the study.

Subjects

Eighty-six patients with ulnar-sided wrist pain who had con-
firmed TFCC injuries by surgery between March 2014 and
March 2016 were included and analyzed in this study.

Inclusion criteria

To be included in this study, all patients with surgically proven
TFCC injuries had to have initially presented with ulnar-sided
wrist pain. The clinical history was learned by reviewing the
patient’s charts and interviewing the patients.

Exclusion criteria

The patients who had inflammatory arthritis, tumor or tumor-
like lesions, deformity of the wrist (such as Madelung defor-
mity), or post-orthopedic surgery involving the hand, wrist,
and distal forearm other than TFC repair were excluded from
this study.

Magnetic resonance imaging

Magnetic resonance examination was performed using a 3-T
MRI unit (Philips Achieva; Philips Medical Systems, Best,
The Netherlands) with a 16-channel hand-and-wrist receiver-
only coil (Philips Hand/Wrist 16 3 T Tim coil, model (IT)).

The patients were placed in prone position and the exam-
ined arms were raised above the head, with the wrist in neutral
position in the magnetic isocenter pinpointed by the laser
mark. All patients underwent magnetic resonance examina-
tion with the following sequences: proton density fat-
suppressed (PD FS) imaging in axial, coronal, and sagittal
planes (TR/TE 2,347–3,657/40–45), and T1-weighted fast
spin-echo in the coronal plane (TR/TE 521–780/20–40), slice
thickness was 2 mm, with an interslice space of 0.3 mm, NEX
2–4, field of view 100–120 mm, and voxel (0.15–
0.25) mm*(0.15–0.25)mm*1.50 mm.

Magnetic resonance imaging analysis

All MR images were interpreted independently by two mus-
culoskeletal radiologists who had 5 and 10 years’ experience.
Both radiologists were blinded to the clinical data, including
the findings in the surgery reports. The discrepancies were
resolved by consensus by introducing an additional musculo-
skeletal radiologist with more than 10 years’ experience. The
appearance of TFCC and signal intensity onMR images of the
86 patients with surgically proven TFCC injuries were ana-
lyzed based on the Palmer classification. The MRI features of
different subtypes of the injuries were compared with the sur-
gical results in a double-blind manner.

Table 2 The modified Palmer classification of TFCC lesions

Class I lesions (traumatic) Class II lesions (degenerative)

IA. Central perforation of the TFC IIA. TFC wear

IB. Ulnar avulsion of the TFC IIB. TFC wear with
chondromalacia

IC. Distal avulsion of the
ulnotriquetral and ulnolunate
ligaments

IIC. TFC perforation with
chondromalacia

ID. Radial avulsion of the TFC IID. TFC perforation,
chondromalacia, and
lunotriquetral ligament
rupture

IE. Horizontal tear of the articular
disk

IIE. TFC perforation,
chondromalacia,
lunotriquetral ligament
perforation, and
ulnocarpal/radioulnar arthritis

IF. Volar capsular TFC
detachment

IG. Dorsal capsular TFC
detachment

IH. Dorsal capsule detachment
from the triquetral insertion

II. Dorsal capsular TFC
detachment and detachment
from the triquetral insertion

TFC triangular fibrocartilage

Table 1 Palmer classification of triangular fibrocartilage complex
(TFCC) lesions

Class I lesions
(traumatic)

Class II lesions (degenerative)

IA. Central perforation IIA. TFC wear

IB. Ulnar avulsion IIB. TFC wear with chondromalacia

IC. Distal avulsion IIC. TFC perforation with chondromalacia

ID. Radial avulsion IID. TFC perforation, chondromalacia, and
lunotriquetral ligament perforation

IIE. TFC perforation, chondromalacia,
lunotriquetral ligament perforation, and
ulnocarpal/radioulnar arthritis
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Results

TFCC injuries on MRI

The diagnosis of traumatic or degenerative injuries depended
on a combination of factors, including the clinical history, the
patient’s age, the location of injuries, and the associated inju-
ries. Among 86 patients with surgically proven TFCC injuries,
69 injury patterns could be classified using the Palmer classi-
fication (Table 1). There were 17 TFCC injuries that could not
be classified by the Palmer classification. Table 2 lists the
detailed classification of injuries of the TFCC that we
suggested.

Among the 69 Palmer injury patterns, there were 52 pa-
tients with traumatic TFCC injuries including 23 men, 29
women, with ages ranging from 15 to 68 years and an average

age of 37 years. There were 17 patients with degenerative
TFCC injuries including 5 men, 12 women, and an age range
of 22–79 years, with an average age of 50 years.

The 52 traumatic injuries included the following: IA (cen-
tral perforation of the TFC) = 9, IB (ulnar avulsion of the TFC)
= 25, IC (distal avulsion of the ulnotriquetral and ulnolunate
ligaments) = 3, ID (radial avulsion of the TFC) = 13, com-
pound injury = 2.

In class IB injuries, in addition to the ulnar avulsion of the
TFC, 1 patient also had avulsion of the ulnar styloid and frac-
ture of the distal radius simultaneously. In the class IC injuries,
in addition to the distal avulsion of the ulnotriquetral and
ulnolunate ligaments, 1 patient also had a Colles fracture
and the other one had injuries of multiple ligaments (including
the scapholunate ligament and lunotriquetral ligament). In
class ID injuries, in addition to radial avulsion of the TFC, 1

Fig. 1 Class IA: central
perforation. a Schematic drawing
of Palmer IA injury showed the
central tear of the triangular
fibrocartilage (TFC) disc (arrow).
LT lunotriquetral ligament,
UL ulnolunate ligament,
UT ulnotriquetral ligament,
MH meniscal homolog, R radius,
U ulna, L lunate, T triquetrum. b–
e A 28-year-old man with a wrist
injury. b Coronal proton density
fat-suppressed (PD FS) image
showed high signal intensity near
the radial attachment of the TFC
(white arrow) and fluid high
signal intensity in the distal
radioulnar joint (DRUJ). c
Coronal T1-weighted image
showed that the focal structures of
the triangular fibrocartilage
complex (TFCC) were obscured
(white arrow). d Sagittal PD FS
weighted image showed a slit-like
area of high signal intensity
(white arrow) in the normal
biconcave low signal TFC. e
Axial PD FS weighted image of
the wrist showed that the high PD
signal intensity traveled in the
sagittal direction (white arrow)
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patient also showed a fracture at the distal-most aspect of the
sigmoid notch of the radius.

Among the compound traumatic TFCC injuries, 1 patient
showed central perforation with avulsion of the ulnar attach-
ment. The other one had ulnar and radial injuries.

The diagnosis of degenerative tear mainly depended on the
lack of traumatic history, the location of abnormal findings,
and the associated degenerative changes in the adjacent struc-
tures. The associated degenerative changes of the adjacent
structures include thinning of the articular cartilage along the
ulnar side of the proximal lunate and/or the adjacent
triquetrum, the presence of a subchondral cyst or subchondral
sclerosis of the proximal ulnar side of the lunate and/or the
radial side of the proximal triquetrum, thinning of the articular
cartilage of the distal ulna, subchondral cyst formation or in-
creased subchondral sclerosis of the distal ulna, and tear of the
lunotriquetral ligament.

Among the 17 degenerative injuries: IIA (TFC wear) = 5,
IIB (TFC wear with chondromalacia) = 2, IIC (TFC perfora-
tion with chondromalacia) = 2, IID (TFC perforation,
chondromalacia, and lunotriquetral ligament rupture) = 2,
IIE (TFC perforation, chondromalacia, lunotriquetral ligament
perforation, and ulnocarpal/radioulnar arthritis) = 6.

There were 17 TFCC injuries that could not be classified
according to the Palmer classification criteria, 8 patients had
detachment of the dorsal joint capsule from the TFC, 4 pa-
tients had a horizontal tear of the articular disk, 3 patients had
distal detachment of the dorsal capsule in its insertion into the
dorsal side of the triquetrum, 1 patient had detachment of the

volar joint capsule from the TFC, and 1 patient had dorsal
capsule detachment in the insertion and in the dorsal edge of
triquetrum. These 17 patients consisted of 7 men, 10 women,
and had an age range of 15–68 years, with average age of
37 years.

Palmer classification of TFCC injuries and MR imaging

Class I lesions (traumatic)

Class IA indicated perforation of the articular disk of the
TFCC or central tear of the TFC, and was found in 9 patients
(Fig. 1). On PD FS images, central perforation could be well
recognized, shown as linear hypersignal intensity within the
low-signal TFC. On the sagittal plane, the high signal intensity
traveled from the volar to the dorsal side. In addition, this type
of perforation could be accompanied by joint effusion in the
distal radioulnar joint, whereas the other structures of TFCC
may be normal (Fig. 1).

Class IB indicated ulnar avulsion of the TFC and was
found in 25 patients. The attachments of the triangular ligament
to the ulnar styloid and the ulnar fovea were injured (Fig. 2). On
MR images, the TFC ulnar attachment showed discontinuity
of the triangular ligament with irregular hypersignal intensity
between the central disc and the ulnar styloid. The lesion
could be best appreciated on coronal PD FS images (Fig. 2).
Among patients with type IB lesions, 1 patient also had both
avulsion fracture of the ulnar styloid and fracture of the distal
radius.

Fig. 2 Class IB: ulnar avulsion. a
Illustration drawing of Palmer IB
injury showing the ulnar side
rupture (arrow). b–d A 37-year-
old man with a wrist injury. b
axial, c coronal PD FS images and
d coronal T1-weighted image of
the wrist showed the ulnar side
rupture, which presented as
irregular high signal intensity in
the ulnar attachment of TFC
(arrow)
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Class IC indicated distal avulsion of the ulnotriquetral
and ulnolunate ligaments and was found in 3 patients. It
was charac ter ized by the discont inu i ty of the
ulnotriquetral and ulnolunate ligaments (Fig. 3). On MR
images, the ulnotriquetral and the ulnolunate ligament
tears were best shown on sagittal PD FS images (Fig.
3). One patient had a Colles fracture whereas the other had
fractures of the scaphoid and triquetrum with intrinsic liga-
ment injuries including the scapholunate ligament and
lunotriquetral ligament.

Class ID indicated radial avulsion of the TFC and was
found in 13 patients. It involved the separation of the radial
side attachment of the TFC from the sigmoid notch of the
distal radius and showed the irregular linear hypersignal in-
tensity between the radial side of the TFC and the sigmoid
notch, best seen on coronal PD FS images (Fig. 4). One patient
had a fracture in the distal radius. There were 2 patients with a
traumatic pattern who were misinterpreted as having central
perforation on the MR images by both reviewers, whereas the
surgical result was proven to be the radial avulsion (Fig. 5).

Class II lesions (degenerative)

Class IIA indicated TFC wear and was found in 5 patients. In
this group, the TFC underwent degenerative wear and
underwent focal thinning with surface abrasion, but remained
intact (Fig. 6). On MR images, this lesion showed increased
signal intensity within the low signal TFC with the loss of a
sharp margin of both the superior and the inferior surface on
T1-weighted and PD FS images (Fig. 6).

Class IIB indicated TFC wear with chondromalacia and
was found in 2 patients. Palmer IIB injuries included changes
in Palmer IIA and cartilage changes on the proximal ulnar
aspect of the lunate or radial portion of the distal ulna (Fig.
7). On MR images, in addition to showing the thinning of the
TFC with intermediate signal intensity, more advanced than in
IIA, thinning of the articular cartilage along the ulnar side of
the proximal lunate and radial side of the proximal triquetrum
was also shown. These changes may be associated with adja-
cent bone marrow edema and subchondral cyst formation in
the adjacent lunate and the triquetrum (Fig. 7).

Class IIC indicated TFC perforation with chondromalacia
and was found in 2 patients. This group was characterized by
severe thinning of the TFC with severe perforation (Fig. 8).
On MR images, there was a large defect in the center of the
TFC with diffuse hypersignal intensity of the TFC. This is
different from the slit-like area of high signal intensity in class
IA lesions. The adjacent lunate showed bone marrow edema
with a subchondral cyst on PD FS images (Fig. 8).

Class IID indicated TFC perforation, chondromalacia,
and lunotriquetral ligament rupture and was found in 2
patients. This group of patients had degenerative tear of
the TFC, loss of articular cartilage of the lunate with
subchondral bone marrow edema, and tear of the
lunotriquetral ligament. On MR images, there was a com-
plete tear of the TFC, which became irregular with in-
creased signal intensity, thinning or complete loss of the
articular cartilage along the ulnar side of the proximal
lunate with hypersignal intensity within the ulnar proxi-
mal side of the lunate. The lunotriquetral ligament was
absent on the PD FS image (Fig. 9).

Class IIE indicated TFC perforation, chondromalacia,
lunotriquetral ligament perforation, and ulnocarpal/radioulnar
arthritis and was found in 6 patients. In addition to the IID
TFC changes, there were subchondral cysts in the adjacent
lunate and triquetrum, and osteoarthritic changes in the
ulnocarpal/radioulnar joint. On MR images, there was a com-
plete tear of the TFC, which became irregular with increased
signal intensity, with complete loss of the articular cartilage
along the ulnar side of the proximal lunate with cystic chang-
es, indicating subchondral cyst formation. There was joint
effusion in the DRUJ with subchondral cyst formation and
osteophyte formation, as shown on the PD FS images (Fig.
10).

Fig. 3 Class IC: distal avulsion. a, b Schematic drawing of Palmer IC
injuries showed tear of the ulnocarpal ligaments including the ulnolunate
ligament and ulnotriquetral ligament, which was not related to the capsule
(arrow). cA54-year-old womanwith a wrist injury. Sagittal PDFS image
of the wrist showed the discontinuity of the ulnotriquetral ligament with
high signal intensity filling in the gap (arrow)
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TFCC injuries not included in the Palmer classification
and their MR features

Horizontal tear of the articular disk

There were 4 cases with horizontal tear of the TFC. The tear
occurred along the transverse plane of the TFC in the horizontal
direction based on the anatomical position of the wrist (Fig. 11).
This tear was different from the IA Palmer injury that occurred
in the sagittal direction. On PD FS weighted images, it was
demonstrated as horizontal oriented linear hypersignal inten-
sity in the middle of the TFC disk, which paralleled the supe-
rior and inferior surfaces (Fig. 11).

Capsular TFC detachment

Class IF indicated volar capsular TFC detachment and was
found in 1 patient. This injury mainly showed the separation
between the volar side edges of the TFC with the volar side
joint capsule. On sagittal PD FS weighted images, there was
hypersignal intensity between the volar edge of the articular
disk and the joint capsule (Fig. 12).

Class IC described the distal detachment of the TFC from
the volar side joint capsule (Fig. 3).

Class IG indicated dorsal capsular TFC detachment and
was found in 8 patients. It was characterized by the partial or
complete detachment of the dorsal capsule from the TFC (Fig.

Fig. 4 Class ID: radial avulsion.
a Illustration of Palmer ID injury
showed the avulsion of the TFCC
from the radial attachment. b, c A
30-year-old woman with a wrist
injury. b Coronal PD FS image
and c coronal T1-weighted image
showed discontinuity of the TFC
with abnormal hypersignal
intensity at the radial attachment
(arrow)

Fig. 5 Class ID: radial avulsion.
a, b A 33-year-old woman with a
wrist injury, which we
misinterpreted as central
perforation; the surgical result
was proven to be radial avulsion
of the TFC. a Coronal PD FS
image and b coronal T1-weighted
image showed the abnormal high
signal intensity (arrow) between
the radial attachment of the TFCC
and the hyaline cartilage of the
distal radius
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Fig. 6 Class IIA: TFC wear. a
Illustration of Palmer IIA injury
showed the wearing or thinning of
the TFC. b–d A 44-year-old
womanwith wrist pain. b Sagittal,
c coronal PD FS images and d
coronal T1-weighted image
showed intermediate signal
intensity (arrow) in the normal
low signal TFC, which was a
direct result of the wearing of the
central portion of the TFCC. This
injury was best visualized on the
PD FS images. In this patient, the
intact lunotriquetral ligament
(arrowhead) could be observed.
In addition, a scapholunate
ligament tear could be observed in
this case (long arrow in c)

Fig. 7 Class IIB: TFC wear and
chondromalacia. a Illustration of
Palmer IIB showed thinning of
the TFC proper and the
subchondral cyst and cartilage
changes of the adjacent lunate. b,
c A 51-year-old man with wrist
pain. b Coronal PD FS image and
c coronal T1-weighted image
showed intermediate signal
intensity within the thinning TFC
(arrow), the subchondral cyst and
marrow edema of the adjacent
lunate and focally thinning
cartilage (dashed arrow)
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Fig. 9 Class IID: TFC
perforation, chondromalacia, and
lunotriquetral ligament
disruption. a Illustration of
Palmer IID injury. b, c A 79-year-
old woman with a wrist injury. b
Coronal PD FS image and c
sagittal PD FS image showed the
discontinuity and increased signal
intensity of the TFC (arrow),
subchondral cyst and edema of
the adjacent lunate, and the
focally thinning cartilage and the
increased signal intensity in the
obscure lunotriquetral ligament
(arrowhead in b)

Fig. 8 Class IIC: TFC
perforation and chondromalacia.
a Schematic drawing of Palmer
IIC injury. b–d A 43-year-old
woman with a wrist injury. b
Axial, c coronal PD FS images,
and d coronal T1-weighted image
showed the TFC perforation,
which was shown as increased
signal intensity within the
thinning TFC (black arrow in b,
white arrow in c and d), and it
could be well evaluated on the PD
FS images. There was effusion in
the DRUJ, subchondral cyst, and
edema of the adjacent lunate
(white arrowhead in c and d), and
focally thinning cartilage. The
lunotriquetral ligament was intact
and showed as a band of low
signal intensity (black arrow in c)
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13). On PD FS images, the articular disk was separated from
the dorsal joint capsule by an area of high signal intensity (Fig.
13).

Class IH indicated dorsal capsular detachment from the
triquetral insertion and was found in 3 patients. On MR im-
ages, this lesion could be best seen on sagittal PD FS images
as discontinuity of the dorsal joint capsule with an area of
hypersignal intensity between the distal joint capsule and the
dorsal aspect of the triquetrum (Fig. 14).

Class II indicated dorsal capsular TFC detachment and de-
tachment from the triquetral insertion and was found in 1
patient. This type of injury was best evaluated in the sagittal
plane. There was a linear hypersignal intensity gap between

the dorsal joint capsule and the dorsal aspect of the TFC and
detachment of the dorsal joint capsule from the dorsal aspect
of the triquetrum (Fig. 15).

Discussion

Palmer classification (listed in Table 1) has been widely used
by hand surgeons and can help to identify the mechanism of
injuries and direct clinical management [15, 16]. However,
there were 17 patients whose injuries could not be classified
by using the Palmer classification in our study.We feel that the
Palmer classification cannot cover all TFCC injuries, which is

Fig. 10 Class IIE: TFC
perforation, chondromalacia,
lunotriquetral ligament
perforation, and ulnocarpal/
radioulnar arthritis. a Schematic
drawing of Palmer IIE injuries. b–
d A 48-year-old woman with
wrist injury. bAxial, c coronal PD
FS-weighted images, and d
coronal T1-weighted image
showed high signal intensity
within the thinning and obscure
TFC (black arrow), the effusion
in the DRUJ, the cyst of the
adjacent triquetrum (c, d black
arrowhead), the loss of focal
cartilage, high signal intensity in
PD images of the obscure
lunotriquetral ligament (white
arrow in c and d). In addition, a
scapholunate ligament tear could
also be observed in this case
(dashed arrow in c)

Fig. 11 Horizontal tear of the
articular disk. a Schematic
drawing of the horizontal tear of
the articular disk showed the
horizontal tear within the TFC
(arrow), which was different from
the IA Palmer injury. This tear
does not extend into the joint
surface. b A 59-year-old woman
with wrist pain after injury. On
coronal PD FS weighted images,
there was linear hypersignal
intensity within the TFC (arrow)
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in line with what has been reported by other authors [17–20].
They all stated that not all TFCC injuries could fit exactly into
the Palmer classification. Therefore, we propose a modified
Palmer classification, adding the capsular injuries and hori-
zontal tear of the articular disk into the classification of
TFCC injuries (Table 2).

Sachar [21] found that the central perforation of TFC was
the most common traumatic subtype. However, in our study
there were only 9 people with central perforation. The most
common traumatic injury of the TFC was ulnar detachment of
the TFC. There were 25 patients with ulnar detachment of the
TFC. This discrepancy may be due to the different patient
population, as our patient populations were selected because
they had all undergone surgery. The central perforation of the

TFC showed a slit-like area of high signal intensity on PD FS
images and traveled in a sagittal direction, although it usually
required treatment with debridement because the central per-
foration occurred in the avascular portion of the TFC and it
would not heal itself [22]. In our patient population, some of
the patients with central perforation of the TFC may not un-
dergo surgery, whereas most of the patients with ulnar attach-
ment tear do have surgery repair. The relatively small sample
size may also play a role.

In our study, among 25 patients with ulnar avulsion, 24
people showed only the increased signal intensity in the at-
tachment of the ulna. The ulnar attachment of TFCC cannot be
clearly identified owing to the diffuse increased signal inten-
sity in this region. One patient had fracture of the base of the
ulnar styloid, which confirmed the statement that these tears
may be associated with a fracture through the base of the ulnar
styloid, as reported previously [15, 16, 23]. As the TFCC is
one of the major stabilizers of the DRUJ, this type of lesion
can often be associated with the instability of the DRUJ, and it
often needs surgical repair [24]. There were 3 patients with
distal TFC avulsion, 1 of the patients also had a Colles fracture
whereas the other had fractures of the scaphoid and triquetrum
and multiple ligament injuries including the scapholunate lig-
ament and the lunotriquetral ligament. These findings con-
firmed what Skalski et al. reported, that type IC was uncom-
mon and usually associated with multiple wrist injuries [17].
However, the detail still needed to be further investigated be-
cause of the small sample size in this research. In this study,
we found that the distal avulsion of the TFC could be better
recognized on sagittal PD FS images. This type of injury can
result in ulnocarpal instability with palmar displacement of the
carpus in relation to the radius and/or ulnar head, and an open
or arthroscopic repair can be performed [24].

Finally, there were 13 patients with radial avulsion (type ID
lesion) and their MR image features needed to be carefully
examined. This type of injury needs to be differentiated from
type IA, central perforation. In our study, 2 patients with type
ID lesion were misinterpreted as having central perforation
(type IA lesion) by both reviewers independently, whereas
the surgical results proved radial avulsion. The key feature
of the type ID lesion, radial avulsion, is the detachment of
the TFC from the distal radial articular cartilage. The central
disk, the TFC itself, is intact whereas the type IA lesion, cen-
tral perforation, is a tear of the TFC. In a type IA lesion, a
piece of TFC should still be attached to the sigmoid notch.
Because the articular disk is avascular, there is little chance for
healing after repair; thus, the central perforation is generally
not amenable to direct repair, and needs arthroscopic debride-
ment, whereas the radial avulsion may need arthroscopic re-
attachment. In radial avulsion, the abnormal high signal inten-
sity on PD FS images was closer to the radial side between the
radial attachment of the TFCC and the hyaline cartilage of the
distal radius, whereas the slit-like area of high signal intensity

Fig. 12 Volar capsular TFC detachment. a Schematic drawing of volar
capsular detachment. b A 15-year-old girl with a right wrist injury.
Sagittal PD FS image showed the high signal intensity in the insertion
of the volar edge of the articular disk (arrow), which was different from
IC Palmer injuries

Fig. 13 Dorsal capsular TFC detachment. a Sagittal schematic drawing
demonstrated the detachment of TFC from the dorsal capsule (arrow). b
A 36-year-old woman with a left wrist injury. The sagittal PD FS image
showed the complete detachment of the dorsal aspect of the articular disk
from the dorsal aspect of the capsule (arrow)
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of the central perforation was confined to the TFC disk. In a
further study, we will collect more cases to investigate the
discrepancy between the MRI and the surgical results, and
provide practical diagnostic skills for distinguishing between
types IA and ID.

In this study, there were 17 patients with degenerative inju-
ries (class II). Among them, 11 had ulnar impaction or abutment
syndrome and 6 had osteoarthritis resulting from the normal
aging process, which corresponded to the literature, which in-
dicated that class II lesions may be associated with chronic
loading of the ulnar wrist, ulnar impaction or abutment syn-
drome and positive ulnar variance [16, 17, 25, 26]. In our study,
the average age of patients with degenerative lesions was
50 years, indicating that class II lesions were more likely to
occur in an older population, which again was in line with the
literature [27]. What needed to be specified was that the central
perforation in class IIC was different from that in class I, which
often showed a slit-like tear. Cody et al. found that in

degenerative injuries, the perforation of TFC tended to be more
ovoid and was located more toward the ulnar aspect of the disk
[16].

We found that in non-Palmer injuries, the dorsal capsular
detachment was more common than in other types, even com-
pared with the IC Palmer injury. Moreover, this type of injury
can lead to the dorsal displacement of the ulna and the disabil-
ity of the wrist and usually requires external fixation. If the
conservative treatment failed, then those patients usually
needed surgical treatment. However, further study is neces-
sary because of the small sample in our study.

This study carries several limitations. Owing to the small
sample size, the common and uncommon traumatic subtype
should be further studied. Because we want to present all
surgically proven cases, the patient population is biased by
the inclusion criteria. Many more TFCC injury patients have
to be excluded from our study owing to the lack of surgical
approval. The literature agreed that conventional MR imaging
could detect moderate and severe cases of class IIA and IIB
[15, 17]. MR arthrography with contrast medium injected into
the distal radioulnar joint could increase the sensitivity of de-
tecting subtle TFCC lesions. In our study, without MR
arthrography (which could not be performed because of the
invasiveness and the increased pain for patients), we carried
out only MRI as a non-invasive method, which made our
study somewhat incomplete. MR arthrography will be includ-
ed in future studies.

Conclusions

Using high-resolution 3-T MRI, we have not only found all
the TFCC injuries described in the Palmer classification, ad-
ditional injury types were found in this study, including hori-
zontal tear of the TFC and capsular TFC detachment. We
propose the modified Palmer classification and add injury
types that were not included in the original Palmer
classification.

Fig. 14 Dorsal capsular
detachment from the triquetral
insertion. a, b Sagittal and coronal
drawing illustrated the distal
detachment of the dorsal capsule
in its insertion in the dorsal aspect
of the triquetrum (arrow). c A 60-
year-old woman with a left wrist
injury. On a sagittal PD FS image,
the distal detachment at the dorsal
triquetrum edge showed irregular
and discontinued structure with
an area of high signal intensity at
the distal insertion of the
triquetrum (arrow)

Fig. 15 Dorsal capsular TFC detachment and detachment from the
triquetral insertion. a Illustration of a combined injury: dorsal capsular
detachment (arrow) coupled with the detachment in the insertion into the
dorsal edge of the triquetrum (dashed arrow). b A 68-year-old woman
with a right wrist injury. The sagittal PD FS image showed the detach-
ment in the dorsal capsule (arrow) and the insertion into the dorsal edge of
the triquetrum (dashed arrow) with high signal intensity
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