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Abstract

OBJECTIVE—Instability of the extensor carpi ulnaris (ECU) tendon can be a difficult clinical 

diagnosis because of normal changes in tendon position during wrist motion. Our goal was to 

determine the normal variation of ECU tendon displacement in 12 forearm–wrist positions.

SUBJECTS AND METHODS—Ultrasound imaging of the ECU tendons of 40 symptom-free 

wrists of healthy volunteers (13 women, seven men; mean age, 22.3 years; range, 20–25 years) 

was performed. Each ECU tendon was examined in 12 positions: four wrist positions (ulnar 

deviation, radial deviation, flexion, and extension) in each of three forearm positions (pronation, 

supination, and neutral).

RESULTS—ECU tendon displacement in the right hand was not significantly different from that 

in the left, and displacement in men did not differ significantly from that in women. There was a 

small but significant difference between displacement in the dominant and that in the nondominant 

hand (p < 0.02). Mean ECU tendon displacement was greatest in the supinated forearm position (p 
< 0.001) followed by the neutral position (p < 0.001) and was least in the pronated position (p < 

0.001). Both ulnar deviation (p < 0.001) and flexion (p < 0.002) were associated with greater ECU 

tendon displacement than were radial deviation (p < 0.001) and extension (p < 0.002). Maximum 

percentage displacement volar to the ulnar border of the groove was 50% in flexed supination and 

ulnar deviation. The maximum displaced distance volar to the ulnar border of the groove was 5 

mm.

CONCLUSION—Sonographic evaluation of the ECU tendon is simple and practical. Knowledge 

of normal ECU displacement relative to the ulnar groove may help in evaluation of ulnar-sided 

wrist pain.
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Ulnar-sided wrist pain is often a diagnostic challenge because of the complex anatomic 

configuration and biomechanical properties of the wrist. An important differential 

consideration in ulnar-sided wrist pain is instability of the extensor carpi ulnaris (ECU) 

tendon due to abnormal subluxation or dislocation [1]. The diagnosis is usually made on the 

basis of the clinical history and physical examination findings. However, advanced imaging 

may also be considered in the diagnostic paradigm.

MRI is effective in the detection of subtle bone marrow changes and soft-tissue 

abnormalities in addition to pathologic changes in the ECU tendon [2]. However, 

musculoskeletal ultrasound may be a cost-effective alternative to MRI in evaluation of the 

ECU tendon. In addition, high-resolution real-time ultrasound imaging may have an 

important role not only in the diagnosis of ECU abnormalities but also in the dynamic 

assessment of instability. In one previous study [3] investigators evaluated normal movement 

of the ECU tendon within the dorsal wrist compartment, but only in two wrist positions in a 

limited number of symptom-free subjects. The goal of our study was to determine the 

normal variation in ECU tendon displacement in 12 forearm–wrist positions. Establishing 

the normal range of ECU displacement in symptom-free healthy persons may help in 

evaluations of patients with pain in the ECU tendon.

Subjects and Methods

Institutional review board approval for this study protocol and informed consent from each 

volunteer were obtained. Exclusion criteria included the presence of wrist pain, previous 

hand or wrist trauma, previous surgery, and a history of inflammatory arthritis. From August 

2005 to February 2006, 20 consecutively enrolled healthy volunteers (13 women, seven 

men; mean age, 22.3 years; range, 20–25 years) prospectively underwent musculoskeletal 

ultrasound examinations of the ECU tendons of the left and right wrists. The examinations 

were performed by one musculoskeletal radiologist with more than 5 years of ultrasound 

experience.

The ultrasound examinations (iU22 ultrasound system, Philips Healthcare) were performed 

with a variable high-frequency high-resolution 12-5–MHz linear-array transducer. 

Volunteers were seated in a chair across from the sonographer with forearm, wrist, and 

flexed elbow resting on a small adjustable table. Sonographic images of the ECU tendon 

were obtained in the following order: forearm pronation with wrist in radial deviation, ulnar 

deviation, flexion, and extension; forearm supination with wrist in radial deviation, ulnar 

deviation, flexion, and extension; and forearm in neutral position with wrist in radial 

deviation, ulnar deviation, flexion, and extension. The forearm neutral position was defined 

as a handshake position with thumb pointing upward.

A total of 12 sonographic images (three forearm and four wrist positions) of the ECU tendon 

relative to the osseous ulnar groove were obtained for each wrist. Each high-resolution 
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sonographic image was captured at the maximum of each combined wrist–forearm position 

in high-definition zoom mode with the 2× magnification setting. The position of the ECU 

tendon within the sixth dorsal compartment of each wrist was measured in relation to the 

osseous ulnar groove based on an established standardized ultrasound measurement [3]. The 

480 data results obtained were also expressed as a percentage of displacement relative to the 

apex of the ulnar border of the ulnar groove.

Percentage displacement, or measured physiologic movement of the ECU tendon within the 

ulnar groove, was calculated with the measurement tool on a radiology workstation (Horizon 

Rad Station, version 11.0 service package 6, McKesson) and DICOM viewer (eFilm Lite 

software, Merge Healthcare). For each wrist, the osseous ulnar groove width was measured 

in millimeters, and the volar edge of the ECU tendon was identified (Figs. 1A and 1B). The 

distance between the apex of the ulnar border of the groove and the volar edge of the ECU 

tendon was determined and divided by the entire width of the ulnar groove to yield 

percentage displacement (Fig. 1C). Both percentage displacement and absolute displaced 

distance were recorded.

In a previous study, Pratt et al. [3] measured percentage displacement of the ECU tendon in 

only the forearm neutral position with the wrist in flexion and extension. Those authors 

stated that a limitation of the study was partial acoustic shadowing of the ulnar groove 

because the groove was obscured by the medial distal radial cortex during forearm rotation 

(Fig. 2). They therefore believed that adequate measurements could not be made in wrist–

forearm positions, such as supination and pronation, that might have been important in 

evaluation of instability of the ECU tendon. We, however, believed that because the osseous 

structure of the ulnar groove did not change with changes in wrist position, the measured 

width of the ulnar groove in the neutral position can be a constant denominator. This 

supposition allowed measurement of ECU tendon displacement in the 12 wrist positions, 

which may be a more comprehensive standard for the diagnosis of instability.

Percentage displacement was expressed as positive when the volar edge of the ECU tendon 

subluxed over the apex of the ulnar border of the groove and as negative when the volar edge 

of the ECU tendon remained in the ulnar groove. This standardized approach established by 

the Australian Melbourne Orthopedic Group in the study by Pratt et al. [3] was expanded to 

include additional measurements of the four wrist positions while the forearm was pronated 

and while it was supinated.

Statistical software (R, version 2.6.1, R Foundation for Statistical Computing) was used for 

statistical analysis of ECU tendon displacement in the 12 positions of the 40 symptom-free 

wrists of volunteers. Differences between left and right wrists, dominant hands, and the 

sexes were tested with Student’s paired t tests and one-way and two-way repeated measures 

analysis of variance.

Results

For each of the 12 positions, there was no statistically significant difference in ECU tendon 

displacement between right and left hands (p < 0.45) or with sex (p < 0.88). There was a 
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statistically significant difference, however, in mean ECU tendon displacement between 

dominant and nondominant hands. The displacement of the tendon in the dominant hand 

was 0.55 mm greater on average than that in the nondominant hand (p < 0.02).

Mean displacement, in millimeters, of the ECU tendon relative to the apex of the ulnar 

border of the groove in the three forearm positions across all four wrist positions was −1.19 

mm (SD, 1.67 mm) in pronation, −0.57 mm (SD, 1.72 mm) in neutral position, and 1.46 mm 

(SD, 2.03 mm) in supination. We found that the mean ECU tendon displacement was 

greatest for the supinated forearm position (p < 0.001) followed by the neutral position (p < 

0.001) and was least in the pronated position (p < 0.001). Thus, from pronation to neutral to 

supination, the degree of ECU tendon displacement increased progressively from completely 

within the ulnar groove to a mean of 1.46 mm (SD, 2.03) beyond the apex of the ulnar 

border of the ulnar groove. The maximum percentage displacement was 50% volar to the 

ulnar border of the groove, and the maximum absolute displaced distance was 5 mm.

The mean displacement of the ECU tendon in the four wrist positions (across all three 

forearm positions) was −0.72 mm (SD, 1.81) with radial deviation, 0.42 mm (SD, 0.35) with 

ulnar deviation, 0.35 mm (SD, 2.33) with flexion, and −0.45 mm (SD, 2.06) with extension. 

In comparisons of the four wrist positions, both ulnar deviation (p < 0.001) and flexion (p < 

0.002) were associated with greater ECU tendon displacement beyond the ulnar border apex 

of the groove than were radial deviation (p < 0.001) and wrist extension (p < 0.002). The 

maximum percentage displacement volar to the ulnar border of the groove was 50% for 

ulnar deviation and 45% for flexion with forearm supination. The maximum absolute 

displaced distance beyond the apex of the ulnar border was 5 mm.

Two-way repeated measures analysis of variance showed that the combination of the four 

wrist positions and the three forearm positions was additive rather than interactive. For 

example, the supinated position had the greatest mean ECU tendon displacement relative to 

the ulnar border apex of the ulnar groove (1.46 mm). This mean displacement increased to 

1.95 mm (SD, 1.78 mm) beyond the apex of the ulnar border when supination was combined 

with ulnar deviation (Fig. 3) and increased to 1.98 mm (SD, 1.98 mm) when supination was 

combined with wrist flexion.

In forearm pronation, the ECU remained entirely within the ulnar groove in all four wrist 

positions; therefore, forearm pronation is presumably the most stable forearm position for 

the ECU tendon. The mean displacement with the forearm in neutral position was within the 

ulnar groove in three of the four wrist positions (radial deviation, flexion, extension). Figure 

4 shows the number of the 40 wrists that had ECU displacement beyond the apex of the 

ulnar border of the groove in the 12 forearm–wrist combinations. Across all 12 forearm-

wrist combinations, the dorsal edge of the ECU tendon never dislocated over the ulnar 

border of the groove. The volar edge of the tendon also did not dislocate beyond the radial 

border of the groove in any of the forearm–wrist positions.
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Discussion

Ulnar-sided wrist pain is often a diagnostic challenge similar to that encountered with 

shoulder pain and low back pain, which can have multiple causes with similar symptoms. 

An important diagnostic consideration of ulnar-sided wrist pain is ECU tendon instability, 

that is, symptomatic subluxation or dislocation [1, 4]. Causes of ECU tendon instability 

include sports-related injuries common among tennis players and golfers [5, 6], chronic 

inflammatory processes such as rheumatoid arthritis [7], stenosing tenosynovitis [8], and 

wrist trauma, usually due to hypersupination and ulnar deviation [9, 10].

Understanding the complex anatomic and biomechanical properties of the distal radioulnar 

joint and their effect on the sixth dorsal compartment and ECU tendon is important for 

accurate diagnosis. With forearm rotation, the distal radioulnar joint moves in three planes: 

rotation along the long axis of the forearm (average of 150° around the ulnar head from 

maximal pronation to maximal supination), dorsal–volar translation, and proximal–distal 

translation [11, 12]. In pronation, the ulnar head contacts the dorsal margin of the sigmoid 

notch and becomes palpable [13]. With supination, the ulnar head contacts only the volar 

margin of the sigmoid notch, and the ECU compartment and extensor digiti quinti 

compartments nearly touch each other [13]. Pronation increases ulnar variance, and 

supination decreases it [14]. It is important to understand that the ECU tendon, held by its 

subsheath within the ulnar groove, makes various movements within a dynamic, complex 

system.

Inoue and Tamura [15] described the clinical findings of symptomatic ECU subluxation and 

dislocation in all patients undergoing forearm supination and wrist flexion, with or without 

ulnar deviation, accompanied by an audible click. On forearm pronation, the ECU tendon 

reduced into its groove as found at physical examination. However, there was no imaging 

correlation. Pfirrmann and colleagues [11] observed that at both CT and MRI, the ECU 

tendon appeared to be in physiologic subluxation during forearm supination in patients 

without symptoms, but this displacement was not studied further (Fig. 5). MRI is well 

established for evaluation of tendon abnormalities and subtle bone marrow changes [2]. MRI 

is a static technique, however, and not optimal for evaluation of the dynamic component of 

ECU tendon instability. High-resolution ultrasound is safe and cost-effective. Patients often 

prefer ultrasound over MRI [16], and ultrasound is well suited for evaluation of tendons. We 

believe our study is the first prospective dynamic ultrasound evaluation of normal ECU 

displacement reflecting all aspects of wrist movement.

Before the start of our study, we found only one previous study in which ultrasound was 

used to evaluate the normal ECU tendon. Pratt et al. in 2004 [3] studied normal ECU tendon 

movement within the groove in 10 volunteers (20 wrists). They found that the volar edge of 

the tendon was not displaced more than 40% (percentage width of groove) beyond the ulnar 

border of the groove in healthy subjects. However, ECU tendon movement was described in 

only the neutral forearm position (handshake position) with wrist flexion and extension. The 

authors stated that evaluation of the ECU in other forearm–wrist positions was limited by 

partial acoustic shadowing of the ulnar groove by the medial–distal radial cortex during 

forearm supination and pronation. We believed that studying ECU tendon movement in 12 
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forearm–wrist positions would reflect the complex biomechanical properties of the tendon 

and provide a comprehensive standard for evaluation of ECU tendon instability.

At the time of this writing, MacLennan et al. [17] were conducting a study that included 21 

patients with painful snapping ECU tendons. All 21 patients underwent preoperative 

dynamic ultrasound evaluation in only the forearm pronated and forearm supinated positions 

without wrist deviation. At ultrasound examination, all patients were described as having 

painful ECU tendon subluxation. At surgery, all patients had intact tendon sheaths, and the 

injuries were diagnosed as type C in the classification proposed by Inoue and Tamura [15]. 

However, there was no control group, and all patients underwent surgery.

We used ultrasound to measure displacement of the ECU tendon relative to the apex of the 

ulnar border and to calculate percentage displacement using the ulnar groove width as the 

constant denominator in 12 forearm–wrist positions. In accordance with the findings of Pratt 

et al. [3], mean displacement remained within the ulnar groove in three of the four wrist 

positions (radial deviation, flexion, extension) while the forearm was in neutral position. 

However, we also found that the normal ECU tendon was displaced up to a maximum of 

50% with either forearm supination or wrist ulnar deviation and up to 45% with wrist 

flexion. This maximum displacement was greater than that the 40% previously reported by 

Pratt et al. and was likely due to the additional forearm and wrist movements, which may 

have offered more provocative maneuvers in displacing the ECU.

We found a small but statistically significant difference between dominant and nondominant 

hands. On average, the dominant hand had 0.55-mm greater mean displacement relative to 

the nondominant hand, perhaps because of increased laxity of the ECU subsheath from 

repetitive use of the dominant hand. There was no significant difference in ECU tendon 

displacement between right and left hands or according to sex.

Although an advantage of ultrasound is its utility in dynamic evaluation, we did not assess 

the normal dynamic range of motion of the ECU tendon. However, dynamic real-time 

evaluation with ultrasound may help in the diagnosis of painful snapping ECU tendon and 

should be further studied in a cohort of abnormal cases.

A limitation of our study was lack of a case group of abnormal ECU tendons to determine 

whether unstable tendons differ in displacement compared with our findings in healthy 

subjects. A further limitation was the small number of volunteers and their young age. It is 

possible that in a study with a larger number of volunteers we might have identified 

volunteers without symptoms who had greater degrees of displacement in certain forearm 

and wrist positions, as in the small group of persons with a congenitally shallow ulnar 

groove for the ECU [18]. It is unlikely, however, that average displacement and patterns of 

tendon excursion would change markedly in a larger study. Further investigation with 

subjects with symptomatic abnormalities and correlation with operative findings is needed.

Ultrasound evaluation of the ECU tendon is simple and practical. Establishing a 

comprehensive standard of normal ECU tendon movement in the ulnar groove, especially in 

positions such as supination, ulnar deviation, and flexion, may help in evaluation for ECU 

tendon instability as a cause of ulnar-sided wrist pain.
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Fig. 1. 
21-year-old healthy male volunteer.

A, Transverse ultrasound image of extensor carpi ulnaris (ECU) tendon at deepest part of 

groove shows ulnar border of groove (A), radial border of groove (B), and volar edge of 

ECU tendon (C).

B, Axial T1-weighted MR image corresponding to A shows conventional anatomic features 

and landmarks of sixth dorsal compartment containing ECU tendon in ulnar groove. A = 

ulnar border of groove, B = radial border of groove, C = volar edge of ECU tendon.

C, Transverse ultrasound image shows standard ECU measurement. Percentage 

displacement = AC/AB × 100. AC = absolute displacement [3].
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Fig. 2. 
23-year-old healthy male volunteer. Transverse sonographic image with wrist in supination 

and ulnar deviation. Extensor carpi ulnaris measurement is modified for supination and 

pronation. In each forearm and wrist position, apex of ulnar border (A) was consistently 

identified. Although radial border is shadowed (asterisk), ulnar groove length remains 

constant. Arrow indicates extensor carpi ulnaris tendon.
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Fig. 3. 
25-year-old healthy female volunteer.

A and B, Transverse ultrasound images show normal displacement of extensor carpi ulnaris 

tendon from supinated radial (A) to supinated ulnar (B) forearm–wrist position. Arrow 

indicates extensor carpi ulnaris tendon.
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Fig. 4. 
Graph shows percentage of normal wrists (n = 40) displaced beyond volar apex in each of 

three forearm positions.
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Fig. 5. 
20-year-old healthy male volunteer with ultrasound findings of normal extensor carpi ulnaris 

tendon and 25-year-old healthy male volunteer with MRI findings of normal wrist. Arrow 

indicates extensor carpi ulnaris tendon. A = apex of ulnar border of groove, U = ulna, R = 

radius.

A and B, Transverse ultrasound image (A) and MR image (B) show wrist in pronation.

C and D, Transverse ultrasound image (C) and MR image (D) show wrist in neutral 

position.

E and F, Transverse ultrasound image (E) and MR image (F) show wrist in supination.
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