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Background: We compared the incidence of extensor carpi ulnaris (ECU) tendon and distal radioulnar
joint (DRUJ) abnormalities using magnetic resonance imaging (MRI) between patients with triangular
fibrocartilage complex (TFCC) tears and subjects without ulnar wrist pain. Additionally, we aimed to
identify potential predictors of these MRI lesions.
Methods: The TFCC group comprised 70 consecutive patients with TFCC tears. The control group
comprised 70 age- and sex-matched subjects without ulnar wrist pain. We evaluated the presence or
absence of fluid collection in the DRUJ and ECU peritendinous area and longitudinal ECU tendon splitting.
Dimensions of the fluid collection area around the ECU tendon were measured to evaluate the severity.
The incidences of these abnormal MRI findings were compared between the two groups. We analyzed
the correlation between the presence of ECU tendon and DRUJ lesions and variables including age,
magnitude of ulnar variance, and type of TFCC tear.
Results: Significant differences were found between the two groups in the incidence of fluid collection of
the DRUJ and ECU peritendinous area, and longitudinal ECU tendon splitting. Among the 70 patients with
TFCC tears, age and the magnitude of ulnar variance were significantly correlated with the severity of
fluid collection around the ECU tendon. The magnitude of ulnar variance in patients with DRUJ fluid
collection was significantly larger than that in patients without fluid collection. There was a significant
correlation between the presence of disc tears and DRUJ fluid collection.
Conclusion: We found a higher incidence of accompanying abnormal MRI findings of the ECU tendon and
DRUJ in patients with TFCC tears than in the control group. The presence of disc tears, the magnitude of
ulnar variance, and age may be risk factors for these MRI lesions associated with TFCC tears.

© 2018 The Japanese Orthopaedic Association. Published by Elsevier B.V. All rights reserved.
1. Introduction

Determining the cause of ulnar-sided wrist pain is difficult
because of the anatomical complexity, overlap of anatomical
structures, and biomechanical properties of this aspect of the wrist
[1]. Despite recent technological advances in imaging modalities,
hand surgeons often find it difficult to distinguish intra-articular
lesions, such as triangular fibrocartilage complex (TFCC) tears and
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ulnocarpal abutment syndrome, from extra-articular pathologies of
the extensor carpi ulnaris (ECU) tendon, such as tendinopathy or
tenosynovitis [2]. Kakar and Garcia-Elias [3] proposed the “Four-
Leaf Clover” algorithm to differentiate among various types of distal
radioulnar joint (DRUJ) dysfunction, which may be caused by a
variety of pathologies with multifactorial etiologies. They indicated
that it is important to evaluate four pathological states, namely
TFCC injury, bone deformity, cartilage damage, and ECU tendon
instability, and that these conditions may overlap one another.

A previous study of surgically treated ECU tendon lesions
showed that 39% of patients had TFCC tears or degeneration, and
the authors concluded that isolated ECU tendon lesions were rare
rights reserved.
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[4]. Additionally, the published literature contains a case report of
complete ECU tendon rupture associatedwith TFCC injury [5]. Thus,
information is lacking regarding the frequency of ECU tendon dis-
orders in patients with TFCC tears. Moreover, no data are currently
available on risk factors associated with the prevalence of ECU
tendon and DRUJ disorders associated with TFCC injury.

We hypothesized that ECU tendon and DRUJ abnormalities are
highly associated with TFCC tears and that aging, the magnitude of
positive ulnar variance, and an extended duration of symptoms are
predisposing factors. Therefore, we used magnetic resonance im-
aging (MRI) to investigate the incidence of abnormal findings of the
ECU tendon and DRUJ in patients with TFCC tears and patients
without known ulnar wrist problems. Furthermore, we sought to
identify potential predictors of these lesions.
2. Methods

From 2006 to 2013, we enrolled 596 consecutive patients who
underwent wrist MRI with a microscopy coil (1.5-T Philips Achieva;
Philips Medical Systems, Best, the Netherlands) because of persis-
tent wrist pain or a soft tissue mass on the wrist of unknown eti-
ology (Fig. 1). We excluded 22 patients with rheumatoid arthritis,
93 patients with acute injury, and 14 patients aged �15 years.
Among the remaining 467 patients, 208 patients had ulnar wrist
Fig. 1. Flow chart depicting the selection process and number of wrists among the patien
fibrocartilage complex; RA: rheumatoid arthritis.
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pain and 259 patients had no ulnar-side wrist problems. The
institutional review board of the hospital approved the study
design. All patients provided informed consent to participate in this
study.
2.1. Selection of the TFCC tear group

We included 70 consecutive patients with TFCC injury from the
208 patients with ulnar wrist pain, and preoperative MRI findings
were used for the present analysis (Table 1). A TFCC tear was
diagnosed according to positive physical examination and MRI
findings. The positive MRI finding of a TFCC tear was high intensity
at the fovea or disc on coronal T2-weighted images. We confirmed
the diagnosis of a TFCC foveal or disc tear with arthroscopic eval-
uation in 64 (91%) patients, and tears in 6 (9%) patients were
confirmed by open surgery. Based on the intraoperative findings,
we identified 40 radioulnar ligament tears at the ulnar fovea, 47
articular disc tears, and 17 concomitant tears.
2.2. Control group selection

The control group comprised 70 patients from the 259 patients
without ulnar wrist pain. These patients were age- and sex-
ts with TFCC tears and controls. MRI: magnetic resonance imaging; TFCC: triangular
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Table 1
Demographic characteristics of patients in the TFCC tear and control groups.

TFCC tears n ¼ 70 Control n ¼ 70

Sex
Female, n 48 48
Male, n 22 22

Age, years 41 (16e77) 42 (16e73)
UV, mm 0.6 �0.7
Duration, months 11 (1e90)
Surgical procedure
Ligament repair 37
Arthroscopic debridement 7
USO 20
Ligament repair and USO 3
Arthroscopic wafer procedure 1
Darrach procedure 1
HIA 1

Data are presented as n or mean (range). TFCC: triangular fibrocartilage complex,
UV: ulnar variance, HIA: hemiresection interposition arthroplasty, USO: ulnar
shortening osteotomy.
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matched with patients in the TFCC tear group (Table 1). The wrist
MRI findings of these patients were also used for analysis.
2.3. MRI analysis

We evaluated the ECU tendon and DRUJ abnormalities based on
axial and coronal MRI scans. Abnormal MRI findings included
peritendinous fluid collection and longitudinal splitting of the ECU
tendon and DRUJ fluid collection. These lesions were represented
by high-intensity areas on T2-weighted images (Fig. 2). We
measured the dimension of the high-intensity area around the ECU
tendon and the width of the DRUJ lesion on T2-weighted images.
We evaluated the severity and presence or absence of peri-
tendinous fluid collection in three regions: the ECU tendon groove
of the ulna, ulna styloid process, and distal extensor retinaculum.
The maximum values of the dimensions in the three regions were
used for statistical analysis. The presence or absence of peri-
tendinous fluid collection was identified by a cut-off value, which
was determined by a value greater than 2 standard deviations
above the mean of the control group. The presence of DRUJ fluid
collection was defined as an intra-articular high-intensity area of
>1 mm in width on axial or coronal images. We also observed the
location of the longitudinal split of the ECU tendon in the three
Fig. 2. Magnetic resonance images showing abnormal findings of the ECU tendon and DR
peritendinous high-intensity area was observed on axial T2-weighted images (white arrow
high-intensity area was observed on axial T2-weighted images (white arrowhead). Longitud
the ECU tendon on axial T2-weighted images (asterisk). ECU: extensor carpi ulnaris; DRUJ:
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regions to investigate which area was affected by ECU
tendinopathy.
2.4. Statistical analysis

We evaluated differences in the incidence of associated
abnormal MRI findings of the ECU tendon and DRUJ between pa-
tients with TFCC tears and the control group using the chiesquare
test. The severity of fluid collection of the ECU tendon was
compared between the two groups using Student's t-test. We
compared the frequency of the location of the longitudinal split of
the ECU tendon between the two groups in each area (ECU tendon
groove, styloid process, and distal extensor retinaculum) using the
chiesquare test. We performed univariate analysis to identify fac-
tors correlatedwith ECU tendon and DRUJ lesions in the 70 patients
with TFCC tears. We analyzed the following factors: patient age and
sex, symptom duration, magnitude of ulnar variance on a poster-
oanterior simple radiograph, and injury characteristics such as the
presence of foveal and disc tears. A p value of <0.05 was considered
statistically significant.
3. Results

Significant differences were found in the dimensions of fluid
collection around the ECU tendon between the TFCC tear group
(mean ± standard deviation, 18.1 ± 6.7 mm2) and control group
(6.6± 4.5mm2) (p¼ 0.000). Among the 70 patients with TFCC tears,
41 (59%) wrists had ECU tendon fluid collection, 29 (41%) had DRUJ
fluid collection, and 36 (51%) had longitudinal ECU tendon splitting
based on the current MRI observations. Among the 70 patients in
the control group, 4 (6%) wrists had ECU tendon fluid collection, 14
(20%) had longitudinal ECU tendon splitting, and 9 (13%) had DRUJ
fluid collection. The incidence of these ECU tendon and DRUJ ab-
normalities in the TFCC tear group was significantly higher than
that in the control group (p < 0.01).

Among the 70 patients with TFCC tears, age and the magnitude
of ulnar variance were significantly correlated with the severity of
ECU tendon fluid collection (age: r ¼ 0.28, p < 0.05; ulnar vari-
ance: r¼ 0.44, p < 0.05). The symptom duration had no significant
correlation with the severity of peritendinous fluid collection.
There was no significant difference between the presence or
absence of disc tears and foveal tears in the ECU tendon lesions on
MRI. The magnitude of ulnar variance with DRUJ fluid collection
UJ. a Fluid collection around the ECU tendon was considered to be present when a
). b Fluid collection in the DRUJ was considered to be present when an intra-articular
inal splitting of the ECU tendon was observed as a splitting high-intensity area within
distal radioulnar joint.
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Table 4
Distribution of the location of ECU tendon longitudinal split.

Total, n Location

Groove Styloid process Retinaculum

TFCC tears (n ¼ 70) 36a 10a 11a 31a

Control (n ¼ 70) 14a 1a 1a 14a

ECU: extensor carpi ulnaris, TFCC: triangular fibrocartilage complex.
a p < 0.01.
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was significantly larger than that without fluid collection
(p < 0.05). The presence of a disc tear was significantly correlated
with the presence of DRUJ fluid collection (p < 0.05). Fluid
collection in the DRUJ tended to affect older patients (p ¼ 0.09)
(Tables 2 and 3).

In the TFCC tear group, the longitudinal splitting of the ECU
tendon was found in 14% at the groove, 16% at the styloid process,
and 44% at the extensor retinaculum. In the control group, the
longitudinal ECU splitting was found in 1% at the groove, 1% at the
styloid process, and 20% at the extensor retinaculum (Table 4). In
each location, the incidence of a split in the TFCC tear group was
significantly higher than that in the control group. With respect to
the location of the longitudinal split of the ECU tendon, the fre-
quency of a split was higher in the distal retinaculum region in both
groups.
4. Discussion

The current MRI analysis showed that the frequency of ECU
tendon abnormalities was significantly higher in patients with
TFCC tears than in patients without ulnar wrist problems. We
interpreted fluid collection and longitudinal splitting of the ECU
tendon as pathological conditions of ECU tenosynovitis and
tendinopathy. The present results indicate that considerable
overlap exists between pathologies of the ECU tendon and TFCC
and that concurrent manifestation of these pathologies is
frequent in patients with ulnar wrist problems. The TFCC and
ECU tendon are in close anatomical proximity and have related
functions at the ulnar aspect of the wrist. The floor of the ECU
tendon is part of the TFCC. Furthermore, the TFCC is the primary
stabilizer and the ECU tendon is the secondary stabilizer of the
DRUJ [6,7]. In a cadaveric biomechanical study, the TFCC was
identified as an important component of the pulley system for
the ECU tendon, and the excursion and moment arm of the ECU
tendon were significantly increased by releasing the ulnar
attachment of the TFCC [8]. Because excessive dorsopalmar
movements of the ulnar head increase the magnitude of the ECU
tendon excursion during wrist motion, friction tendinopathy of
the ECU tendon may occur clinically after a patient develops a
TFCC ligament tear. Although the current analysis did not reveal a
correlation between TFCC foveal tears with DRUJ instability and
Table 2
Predictors of abnormal findings of DRUJ and ECU tendon.

Fluid collection in the DRUJ Longitudinal E

(�) (þ) (�)

UV, mm 0.1 ± 1.4a 1.3 ± 2.9a 0.5 ± 1.7
Age, years 39 ± 13 45 ± 16 40 ± 15

Data are presented as mean ± standard deviation.
DRUJ: distal radioulnar joint, ECU: extensor carpi ulnaris, UV: ulnar variance.

a Indicates a significant difference (p < 0.05).

Table 3
Relationship of TFCC disc tears to accompanying abnormal findings of DRUJ and ECU ten

Fluid collection in
the DRUJ, n

Longitudi
split, n

(�) (þ) (�)

Disc tear (�) 18a 5a 11
(þ) 23a 24a 23

Data are presented as mean ± standard deviation.
TFCC: triangular fibrocartilage complex, DRUJ: distal radioulnar joint, ECU: extensor carp

a The presence of a disc tear was significantly correlated with the presence of fluid co
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the severity of ECU tenosynovitis, a similar overlapping pathol-
ogy between joint instability and surrounding tendon problems
is observed in patients with chronic lateral ankle instability and
peroneal tendon disorders because the peroneal tendon is the
dynamic stabilizer of the ankle joint [9,10].

Patients with positive ulnar variance may have ulnocarpal
abutment syndrome, which is more likely to be associated with
articular disc tears of the TFCC and may lead to DRUJ and ulno-
carpal arthritis. In the present study, the incidence of DRUJ ab-
normalities on MRI was higher in the TFCC tear population than
in the control group. Moreover, the presence of DRUJ fluid
collection was significantly correlated with the magnitude of
positive ulnar variance and the presence of articular disc tears.
Joint fluid collection may indicate an arthritic condition of the
DRUJ. Because the articular disc of the TFCC provides a smooth
gliding surface between the ulnar head and the ulnar carpus [6],
loss of integrity in the fibrocartilage complex (disc tear) may
contribute to DRUJ arthritis. A possible underlying mechanism of
DRUJ arthritis is associated with concentration of stress in the
disc compartment [11e13] and accumulation of chondral debris
by repetitive pronosupination motions. Presence of chronic DRUJ
incongruity with positive ulnar variance may also contribute to
the arthritic condition of the DRUJ. Katayama et al. [14] investi-
gated 1128 wrist radiographs to identify the distribution of pri-
mary osteoarthritis in the ulnar aspect of the wrist and analyzed
the factors correlated with ulnar wrist osteoarthritis. They found
that positive ulnar variance was the most significant factor
correlated with osteoarthritis in the DRUJ.

We found that positive ulnar variance was also significantly
correlated with the severity of fluid-positive ECU tenosynovitis in
patients with TFCC tears. Chang et al. [15] investigated ECU
CU split Severity of fluid collection around the ECU tendon

(þ)

0.6 ± 2.6 r ¼ 0.44a

43 ± 14 r ¼ 0.28a

don.

nal ECU Severity of fluid collection around the ECU tendon, mm

(þ)

12 16.8 ± 5.92
24 18.8 ± 6.95

i ulnaris.
llection in the DRUJ (p < 0.05).
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tendon pathology using wrist MRI and its association with distal
ulnar morphology. They found a significant correlation among
negative ulnar variance, ECU tendon subluxation, and tendin-
opathy. They also found that patients with ECU tendon sublux-
ation had a shallower ECU tendon groove. Although the results of
the current analysis are opposite those described by Chang et al.
[15], any morphologic change in ulnar variance may affect the
ECU tendon kinetics, leading to pathologic changes of the ECU
tendon.

Increasing age had a weak correlation with the severity of fluid-
positive ECU tenosynovitis and DRUJ arthritis. Some previous
studies have shown a spontaneous increase in the incidence of
positive ulnar variance with age [16,17]. This correlation may sup-
port the trend observed in the present study regarding the pres-
ence of DRUJ arthritis and increasing age. The changes associated
with increasing age also result in a decline in the structure and
function of human tendons [18], and previous studies have shown
that age is a risk factor for upper extremity tendonitis and teno-
synovitis [19,20]. Based on previous and the present results, we
thus consider that the etiology of ECU tendinopathy is multifacto-
rial and may be a result of both distal ulnar morphology and sur-
rounding soft tissue problems. Furthermore, various intrinsic and
extrinsic predisposing factors may contribute to the ECU tendon
pathophysiology in patients with ECU tendinopathy in the clinical
setting.

The ECU tendon runs in the sixth extensor compartment and is
stabilized in the ulnar groove by a subsheath located inferior to the
extensor retinaculum [21]. The sixth compartment is the second
most common site of stenosing tenosynovitis at the wrist [22].
Although ECU tenosynovitis can be successfully treated by steroid
injections, information is lacking regarding the exact location of
ECU tendinopathy [23e27]. In the present study, longitudinal
splitting of the ECU tendon in the control group occurred mostly in
the extensor retinaculum area (20%) distal to the ulnar styloid,
while the tendinopathy extended proximally in the ulnar styloid
and subsheath area in patients with TFCC tears (52%). Although
normal variation of the ECU tendon may manifest as longitudinal
tendon splitting [28e30], the increased incidence of tendon ab-
normalities in the control group indicates that degenerative
changes of the ECU tendon are inherent to the ECU tendon. These
changes are associated with tendon angulation and compression
during specific wrist and forearm positions. In forearm supination,
the ECU tendon angulates at 30� immediately distal to the sub-
sheath, and the angle and strain of the tendon are further increased
with wrist flexion and ulnar deviation [31]. Thus, the ECU tendon
may be irritated by repetitive stress motions of the forearm and
wrist, leading to friction tendinopathy. Longitudinal splitting of the
ECU tendon in patients with TFCC tears was observed not only in
the distal retinaculum but also in the ulnar groove and styloid
process. We consider that TFCC tears may contribute to the longi-
tudinal extension of ECU tendinopathy because a TFCC disc tear
may potentially increase the pressure in the ECU tenosynovial area,
leading to swelling of the tendon and extension of the
tendinopathy.

This study had several limitations. First, the clinical significance
of the abnormalMRI findings of the ECU tendon is not clear because
we did not explore the ECU tendon surgically, and the physical
findings of the ECU tendon are unknown. Second, the control pa-
tients in the present study did not have completely normal wrists.
Although these patients did not have ulnar wrist symptoms, they
might have had unknown ulnar wrist pathologies compared with
normal populations. Nevertheless, the incidence of tenosynovitis of
the extensor tendons and DRUJ fluid collection on wrist MRI in
asymptomatic patients was 4.3% and 12.5% in previous studies,
respectively [32,33], which are comparable with the present
Please cite this article in press as: Santo S, et al., Magnetic resonance imag
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results. Third, we consider that the reliability of the MRI interpre-
tation is a limitation. Although we strictly defined the presence or
absence of abnormal MRI findings of the DRUJ and ECU tendon,
repeated interpretations by multiple observers are needed to in-
crease the inter- and intra-observer reliability. Fourth, we did not
collect data on postoperative MRI scans in patients who underwent
surgery for TFCC tears. Thus, we could not evaluate whether these
ECU tendon and DRUJ lesions on MRI were directly caused by TFCC
injury. Future longitudinal MRI studies should clarify this question
by analyzing the postoperative changes in patients with these
pathologies.

In the present study, we found a higher incidence of accompa-
nying abnormal MRI findings of the ECU tendon and DRUJ in pa-
tients with TFCC tears than in patients without known ulnar wrist
pathologies. The presence of a TFCC disc tear and the magnitude of
ulnar variance were found to be risk factors for DRUJ and ECU
tendon lesions. The overlap of these two pathologies may
contribute to the difficulty in identifying the cause of ulnar wrist
pain.
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