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Diagnostic Performance of the Extensor
Carpi Ulnaris (ECU) Synergy Test to
Detect Sonographic ECU Abnormalities
in Chronic Dorsal Ulnar-Sided Wrist Pain

he difficulty in specifying the cause of chronic dorsal ulnar-
sided wrist pain depends on the close proximity of small
anatomic structures and the lack of a highly effective clin-

ical test. Possible pathologic anatomic structures that can cause
ulnar-sided wrist pain involve intra- or extra-articular tissue; the former
includes the triangular fibrocartilage complex, lunotriquetral liga-
ment, ulnar styloid, and distal radioulnar joint, and the latter includes
the extrinsic ulnocarpal wrist ligament and extensor carpi ulnaris
(ECU) tendon. Local stress stimulates several of these structures;
thus, determining which of these is responsible for symptoms can be
difficult. Ulnocarpal stress with wrist ulnar deviation loads the tri-
angular fibrocartilage complex and lunotriquetral joint, which might
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Objectives—The extensor carpi ulnaris (ECU) tendon synergy test is a simple and
unique diagnostic maneuver for evaluation of chronic dorsal ulnar-sided wrist pain,
which applies isolated tension to the ECU without greatly stressing other structures.
This study aimed to investigate the diagnostic performance of the ECU synergy test to
detect ECU abnormalities on sonography.

Methods—Forty affected wrists from 39 consecutive patients with chronic dorsal ulnar-
sided wrist pain that continued for greater than 1 month were examined with the ECU
synergy test and sonography. The sensitivity, specificity, positive predictive value, and
negative predictive value of the ECU synergy test to detect ECU abnormalities were
evaluated. We compared the results of the ECU synergy test between groups with and
without ECU abnormalities and also compared the ages, sexes, and symptomatic dura-
tions of the patients between groups with positive and negative ECU synergy test results
and between the groups with and without ECU abnormalities.

Results—The sensitivity, specificity, positive predictive value, and negative predictive
value were 73.7%, 85.7%, 82.4%, and 78.3%, respectively. There was significant difference
in the ECU synergy test results between the groups with and without ECU abnormalities
(P < .01). There was no significant difference in age, sex, or symptomatic duration
between any of the groups.

Conclusions—The results of this prospective study support the hypothesis that the ECU
synergy test could be a useful provocative maneuver to detect ECU abnormalities in
patients with chronic dorsal ulnar-sided wrist pain.

Key Words—extensor carpi ulnaris; extensor carpi ulnaris synergy test; musculoskeletal
ultrasound; sonography; ulnar-sided wrist pain
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yield confusing diagnostic results. It would be preferable
to discriminate at least between pain derived from intra-
and extra-articular disorders because the answer determines
the target of local steroid injection and the surgical method:
open surgery or wrist arthroscopy.

With regard to the ECU, various disorders has been
described in previous literature, including stenosing
tenosynovitis, degenerative tendinosis, tendonitis, bony
erosion of the floor of the sixth compartment, and tendon
subluxation,1–9 and some of them might coexist. The ECU
synergy test was recently described by Ruland and Hogan10

in an attempt to separate ECU tendonitis from other intra-
articular disorders. This clinical test is a simple and unique
examination, which applies isolated tension to the ECU
tendon without greatly stressing other structures on the
ulnar side of the wrist, and it seems to provoke pain not
only from tendonitis but also from other ECU disorders. In
the original study by Ruland and Hogan,10 ECU disorders
were confirmed or refuted by using magnetic resonance
imaging or wrist arthroscopy or were confirmed by a diag-
nostic injection into the sixth dorsal compartment of
patients with positive ECU synergy test results. Sonogra-
phy allows for low-cost, noninvasive visualization and
harmless evaluation of soft tissues. This imaging modality
can be used immediately and portably in the outpatient
clinic or emergency department.11,12 The ECU runs sub-
cutaneously in a groove over the distal end of the ulna and
in the dorsal surface of the carpus, being enveloped by
fibrous connective tissue called the “subsheath” in the sixth
dorsal compartment.13 It is a good subject for research in
point-of-care ultrasound.14–18

The purpose of this study was to investigate the diag-
nostic performance of the ECU synergy test to detect
sonographic ECU abnormalities in patients with chronic
dorsal ulnar-sided wrist pain. The sensitivity, specificity,
negative predictive value, and positive predictive value
were evaluated with reference to sonographic findings. 

Materials and Methods

The Institutional Review Board approved this study proto-
col. All patients were informed of the study aims and proce-
dures and signed a consent form that included a description
of the protocol. From October 2012 through December
2014, consecutive patients who visited our clinic with dorsal
ulnar-sided wrist pain that continued for greater than 1
month, which was defined as chronic, were enrolled in this
study. Patients with rheumatoid arthritis, dialysis treatment,
wrists with a history of local surgery, or major hand trauma,
including fracture, joint dislocation, and crush injury, were

excluded from the study because it is difficult to properly
determine the results of the sonographic evaluation of these
patients. Plain radiographs were also evaluated in all patients,
and we confirmed that none of the patients had abnormali-
ties that made us suspect those medical histories. A total of
40 affected wrists from 39 patients were studied. The ECU
synergy test and sonographic evaluation were performed at
the time of their initial visit to our clinic. Sonography fol-
lowed the synergy test. The examined wrists comprised 25
right and 15 left wrists and 25 dominant and 15 nondomi-
nant wrists. We performed the ECU synergy test by accu-
rately conforming to the method of Ruland and Hogan.10

In this test, the patient places his or her arm on the examin-
ing table with the elbow flexed 90° and the forearm in full
supination. The wrist is held in the neutral position with the
fingers in full extension. The examiner grasps the patient’s
thumb and long finger with one hand, palpates the ECU
tendon with the other hand, and then has the patient
radially deviate the thumb against resistance (Figure 1).
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Figure 1. Extensor carpi ulnaris synergy test. The examiner grasps the

patient’s thumb and long finger with one hand, palpates the ECU ten-

don with the other hand, and then has the patient radially deviate the

thumb against resistance. Recreation of pain induced along the dorsal

ulnar aspect of the wrist is considered a positive result.



Recreation of pain induced along the dorsal ulnar aspect of
the wrist is considered a positive result.

In the sonographic evaluation, the patient rested his
or her elbow on the examining table. Patients’ hands were
positioned with the wrist and forearm in a neutral position
and with the elbow flexed 90°. The examiner held the probe
using one hand and maintained the position of the patient’s
hand using the opposite hand (Figure 2). The sonographic
evaluation was focused on the sixth dorsal compartment in
longitudinal and transverse images. The observation range
was between the level of the ulnar head and triquetrum.
The probe was applied perpendicularly to the sixth dorsal
compartment with minimal pressure. Images were created
on a display showing a side-by-side comparison of the right
and left wrists. We considered that the patient had an ECU
disorder if sonography showed more than 1 of the follow-
ing abnormal findings: tendon sheath effusion (tendon
sheath distension), tenosynovitis (Doppler flow within the
tendon sheath or intrasheath tissue), and tendinosis (ECU
enlargement with or without an intratendinous hypoechoic
region and an irregular internal echo texture; Figures 3 and 4).
If the affected wrist showed ECU abnormalities, we recom-
mended that the patient have an ultrasound-guided local

steroid injection into the sixth dorsal compartment; the
content of the injection was a total of 1.0 to 1.5 mL of liquid
including 2.0 to 5.0 mg of triamcinolone acetonide or 2.5
to 5.0 mg of dexamethasone sodium phosphate mixed with
1% carbocaine. Using a transverse image, we punctured 
the skin parallel to the long axis of the probe and injected the
liquid into the interval between the tendon sheath and
ECU (Figure 5).

All sonographic evaluations and physical examina-
tions were performed by a senior hand surgeon with 15
years of experience in surgery and 4 years of experience in
sonography. For the sonographic studies, an Avius ultra-
sound system (Hitachi Medical Corporation, Tokyo,
Japan) and a linear array 17.0–MHz transducer (contact
area, 14 × 59 mm) were used.

The sensitivity, specificity, positive predictive value,
and negative predictive value of the ECU synergy test to
detect ECU abnormalities were evaluated. To evaluate 
the diagnostic significance, we compared the results of the
ECU synergy test between groups with and without ECU
abnormalities using a χ2 for independence test. We also
compared the ages, sexes, and symptomatic durations of the
patients between groups with positive and negative ECU
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Figure 2. Probe positions in the transverse (left) and longitudinal (right) planes. The sonographic evaluation was focused on the sixth dorsal com-

partment and the distal end of the compartment between the level of the ulnar head and triquetrum.
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Figure 3. Comparison of sonograms between an unaffected left wrist (left) and affected right wrist (right) of a 60-year-old woman with ECU tendon

sheath effusion and tendinosis, including anatomic references. Top, Transverse images at the level of the osseous ulnar groove (OUG). Bottom,

Longitudinal images between the ulnar head (UH) and triquetrum (TR). In the affected wrist, the transverse image shows an enlarged ECU with an

intratendinous hypoechoic region. A thickened tendon sheath encircles the ECU on the transverse and longitudinal images.

Figure 4. Comparison of sonograms between an affected left wrist (left) and unaffected right wrist (right) of a 45-year-old woman with ECU tendon

sheath effusion, tenosynovitis, and tendinosis, including anatomic references. Top, Transverse images at the distal level of the ulnar head. Bottom,

Longitudinal images between the ulnar head (UH) and triquetrum (TR). In the affected wrist, the transverse image shows an enlarged ECU with an

intratendinous hypoechoic region, and the longitudinal image shows an irregular internal echo texture of the ECU. A thickened tendon sheath encir-

cles the ECU on the transverse and longitudinal images. Doppler flow inside the tendon sheath is also shown.
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synergy test results, and between the groups with and with-
out ECU abnormalities. The comparisons of age and symp-
tomatic duration were performed with a Student t test, and
that of sex was performed with a χ2 for independence test.
Results were deemed significant at P < .05

Results

Table 1 presents the patient demographics, and Table 2
presents the age, sex, and symptomatic duration of the
patients of each group. Seventeen and 23 wrists showed
positive and negative ECU synergy test results, respectively.

One patient had ECU abnormalities bilaterally, and both
had positive results. There was no significant difference in
age, sex, or symptomatic duration of the patients between
the groups with positive and negative ECU synergy test
results (age, P = .91; sex, P = .50; symptomatic duration,
P = .78).

Extensor carpi ulnaris abnormalities were detected in
14 of 17 wrists with positive ECU synergy test results and 5
of 23 wrists with negative results, respectively, whereas
abnormalities were not detected in 3 wrists with positive
results and 18 wrists with negative results. In the group with
positive results, ECU abnormalities comprised 1 tendon
sheath effusion, 2 cases of tenosynovitis, 1 concurrence of
tendon sheath effusion and tenosynovitis, 3 concurrences
of tendon sheath effusion and tendinosis, and 7 concur-
rences of all 3 abnormal findings. In the group with nega-
tive results, ECU abnormalities comprised 1 tendon sheath
effusion, 3 concurrences of tendon sheath effusion and
tendinosis, and 1 concurrence of all 3 abnormal findings.
Fourteen of 19 ECU abnormalities (73.7%) were posi-
tioned distal to the osseous ulnar groove. Two concur-
rences of tendon sheath effusion and tendinosis (10.5%)
were positioned within the osseous ulnar groove. One con-
currence of tendon sheath effusion and tendinosis and 2
concurrences of all 3 abnormal findings (15.8%) were posi-
tioned within and distal to the groove. Nine of the 19 wrists
with ECU abnormalities underwent local steroid injec-
tions, and the dorsal ulnar-sided wrist pain disappeared
immediately or was partially relieved in all of them. There
was no significant difference in age, sex, and symptomatic
duration between the groups with and without ECU
abnormalities (age, P = .57; sex, P = .16; symptomatic dura-
tion, P = .82).

The sensitivity, specificity, positive predictive value,
and negative predictive value of the ECU synergy test to
detect sonographic ECU abnormalities were 73.7%, 85.7%,
82.4%, and 78.3%, respectively. There was a significant dif-
ference in the ECU synergy test results between the groups
with and without ECU abnormalities (P < .01).

Figure 5. Transverse sonogram showing local steroid injection into the

sixth compartment. We punctured the skin parallel to the long axis of 

the probe and injected the liquid into the interval between the tendon

sheath and ECU. Arrow indicates the needle.

Table 2. Patient Characteristics by Group

Symptomatic

Group Age, y Male/Female Duration, mo

Positive synergy test results 44.9 ± 19.0 (14–76) 8/8 3.9 ± 2.3 (1–9)

Negative synergy test results 44.1 ± 20.1 (16–79) 14/9 3.7 ± 3.8 (1–12)

Wrists with ECU abnormalities 46.4 ± 18.6 (22–76) 8/10 3.4 ± 2.5 (1–9)

Wrists without ECU abnormalities 42.8 ± 20.4 (14–79) 14/7 3.6 ± 3.3 (1–12)

Data are presented as mean ± SD (range) where applicable.

Table 1. Patient Demographics

Characteristic Value

Age, y 44.4 ± 19.4 (14–79)

Male/female 22/17

Weight, kg 57.7 ± 7.8 (43–80)

Height, cm 162.8 ± 8.3 (140–177)

Body mass index, kg/m2 21.7 ± 2.1 (16.8–25.6)

Data are presented as mean ± SD (range) where applicable.



Four patients were devotees of sports activities, and
only 1 of them showed ECU abnormalities. Two of them
were engaged in tennis, and the others were engaged in
baseball and Japanese archery, respectively. Of these 4
patients, 1 tennis player had a tendon sheath effusion and
tendinosis. Among the other patients, 9 had a history of
trauma, and 7 had a history of overuse or new activity using
their affected wrists. Nineteen patients could not indentify
any inducement of their wrist pain. 

Discussion

This study found good diagnostic performance of the
ECU synergy test for detection of sonographic ECU
abnormalities. It might be effective to use this test with
other traditional clinical maneuvers aimed at detection of
intra-articular wrist disorders.

This study had a couple of limitations. First, we did not
consider that the sonographic ECU abnormalities might
have been clinically asymptomatic. Although a local steroid
injection into the sixth dorsal compartment helps in making
a definite diagnosis, only half of the patients who showed
sonographic ECU abnormalities underwent injections in
this study. A previous study reported that 39 of 52 wrists
(75%) showed static ECU tendon abnormalities in
long-term asymptomatic recreational tennis players.18

The authors concluded that sonographic evidence of ECU
tendinosis, partial-thickness tearing, full-thickness tearing,
and subluxation can be seen in this cohort of patients,
whereas tendon sheath effusions, tenosynovitis, and tendon
dislocation are uncommon. However, our patients were dif-
ferent. They included only a few active sports players, and
only 1 of them, a tennis player with negative ECU synergy
test results, showed an ECU abnormality. Although the
examiner should pay attention to daily wrist-loading habits
of patients in sonographic studies of the ECU, it also cannot
be denied that sonographic ECU abnormalities were
related to the ulnar-sided wrist pain in our patients. It is also
noteworthy that no contralateral asymptomatic wrist
showed ECU abnormalities in our study. Second, this
study was based on one-to-one correspondence of sonog-
raphy and the ECU synergy test and did not consider the
possibility of concomitant intra-articular abnormalities.
Additional high-resolution magnetic resonance imaging or
wrist arthroscopy would enable a more comprehensive
investigation of the cause of wrist pain. Third, the same
person performed all of the sonographic and physical
examinations, and we did not blind the examiner to the
ECU synergy test results. The results of this study contain
a substantial bias arising from this limitation. Fourth, the

study did not include a control group. Evaluating the results
in a group without wrist pain would produce a better analy-
sis of the effectiveness of the ECU synergy test.

Spinner and Kaplan13 investigated the anatomy of the
sixth dorsal compartment and reported that the ECU resides
within its own fibro-osseous canal, now called the sub-
sheath, which is not connected to either the extensor reti-
naculum or the ulnar head. This anatomic arrangement is
distinct from that in the other dorsal extensor compart-
ments and allows itself to shift freely over the ulnar head,
resulting in the acquisition of unrestricted pronosupination
of the forearm. As the forearm rotates, the ECU tendon
remains fixed proximally along the ulnar groove in the sixth
compartment but must glide over the ulnar styloid more
distally to allow full rotation. The explanation for the patho-
 physiologic mechanism of ECU tendinosis depends on
repetitive motion, which would subtly injure the synovium
and lead to tenosynovitis in a patient without a history of
a traumatic event.5 Forceful wrist flexion and ulnar devia-
tion with forearm supination may result in rupture of the
ECU subsheath or volar subluxation of the tendon out of
the distal ulnar groove, especially in a player of racket sports
such as tennis.6–8,15,17–19 Spinner and Kaplan13 also empha-
sized the role of the ECU as a secondary distal radioulnar
joint stabilizer. The dorsal radioulnar ligaments, which run
along the dorsal side of the triangular fibrocartilage complex,
splits to form part of the ECU subsheath, attaching the
subsheath to the ulnar styloid and fovea.20,21 The ECU
tendon sheath lies just dorsal to the triangular fibrocarti-
lage complex and can be palpated along its length on the
distal 1.5 to 2.0 cm of the ulnar head.

With regard to the frequency and onset risk of stenos-
ing tenosynovitis of the ECU, the opinions were divided
among previous authors. Some authors suggested that it
was uncommon and usually posttraumatic,1,4 and others
suggested that it was relatively common and caused by repet-
itive overuse.3,9 The history may include a new activity or a
change in an existing activity in which the mechanical use of
the hand and wrist has been altered.21 The presentation
in ECU tendonitis may be slow growing, although acute
injuries can result in chronic tendinitis.21 Brief reports in
the 1980s mentioned successful results of surgical release
of the sixth compartment,2,3 whereas subsequent reports
concluded that most cases of ECU tendonitis can be suc-
cessfully treated with nonsurgical procedures, including
immobilization techniques, local steroid injections, splint-
ing, and wrist braces.5,9 In the previous reports of surgical
therapy for stenosing tenosynovitis, some patients had par-
tial tears in the ECU.2–5 Crimmins and Jones5 emphasized
the importance of radiographs for detecting a bony abnor-
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mality that would cause or be caused by ECU tendonitis,
such as the nonunion of an ulnar styloid fracture with erosive
changes or osteolytic changes in the styloid. In the patients
of this study, we did not find any radiographic abnormality
that might have been responsible for the ulnar-sided wrist
pain (eg, severe osteoarthritis or an osteolytic and osteo-
plastic lesion).

Some important clinical maneuvers are widely used
for narrowing the differential diagnosis of the ulnar-sided
wrist pain. In a study using wrist arthroscopy,22 the ulnar
fovea sign, which elicits tenderness in the region of the
ulnar fovea, was reported to be a useful clinical maneuver
to detect intra-articular abnormalities, including foveal
disruptions and ulnotriquetral ligament tears, with good
sensitivity and specificity. The ulnocarpal stress test, which
applies axial stress to a maximally ulnar-deviated wrist and
brings the wrist through pronation and supination, was
also reported to be sensitive for intra-articular disorders,
including triangular fibrocartilage complex injuries,
lunotriquetral ligament injuries, ulnocarpal abutment syn-
drome, arthritis, and a joint mouse.23 Active resisted exten-
sion and ulnar deviation of the wrist have been used as
classic provocative maneuvers for ECU tendonitis,24

although these maneuvers simultaneously stress both
intra- and extra-articular anatomies. Ruland and Hogan10

used the principle of synergism to establish the absence
or presence of ECU tendonitis to improve the diagnostic
value of the physical examination and reduce dependence
on ancillary radiologic studies. In an explanation of
how synergism identifies ECU pain, they compared the
ECU synergy test to the physical examination in rotator
cuff disorders such as resisted rotation and overhead ele-
vation; both of them use static tendon loading. In this
study, we included the sonographic abnormalities of the
ECU subsheath and extensor retinaculum of the sixth dor-
sal compartment as ECU abnormalities corresponding to
positive ECU synergy test results because the synergism
seems to statically stimulate not only the ECU but also
adjacent structures. However, ECU subluxation and dis-
location, which are not the objectives of the ECU synergy
test and seem to be diagnosed easily with forearm supina-
tion and a specific history of trauma, were not included in
the scope of our assessment. Actually, no patient had a
diagnosis of ECU subluxation or dislocation in this study.

In conclusion, the results of this prospective study sup-
port the hypothesis that the ECU synergy test could be a
useful provocative maneuver to detect ECU abnormalities
in chronic dorsal ulnar-sided wrist that continues for greater
than 1 month. One-to-one correspondence of sonography
and the ECU synergy test showed good sensitivity and

specificity for detecting tendon sheath effusion, tenosyn-
ovitis, and tendinosis of the ECU. A more detailed evalua-
tion including the results of arthroscopy and intra- or
extra-articular injection would confirm the utility of the
ECU synergy test as a diagnostic maneuver. 
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