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T he vast majority of musculotendinous injuries 
occur secondary to violent contraction or exces-
sive stretching.1 Ligamentous injuries, on the 

other hand, are due to an abnormal motion of joints. 
The magnitude of inciting forces results in a spectrum 
of pathology, ranging from a minor tear to a complete 
disruption of structures. 

Ultrasonography provides a detailed assessment of 
soft tissue anatomy and dynamic functionality, and 
in some instances can be comparable or even superi-
or to magnetic resonance imaging2 because the struc-
tural characteristics of certain tendons make them 

ideal for imaging via ultrasonography. We describe 
some of these characteristics and highlight their utility  
in diagnostic imaging. 

Anatomical Structure
Tendons consist of tightly packed type I collagen fi-
bers forming subfascicles that are arranged in a paral-
lel distribution as fascicles. These bundles are held to-
gether by loose soft tissue, and the entire structure is 
covered by a thick fibroelastic epitendineum sheath. 
This linear distribution of structures yields a unique-
ly linear “fibrillary” pattern when viewed along the 
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Ultrasound provides detailed and dynamic assessment  
of tendons, increasing the diagnostic accuracy of injuries, 
especially when physical examination is equivocal. 

Figure 1. (A) Long-axis and (B) short-axis views of the Achilles tendon. The hyperechoic fibrillary and speckled patterns are noted with the 
probe held at a 90° angle.
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longitudinal axis of the structure (Figure 1a). In the 
short-axis view, the tendon appears as a well-circum-
scribed structure with speckled pattern of hyperechoic  
foci (Figure 1b). 3 

Imaging Technique
The optimal scanning technique involves the use of a 
high-frequency linear transducer. Higher frequencies 
yield more detailed images, but may be limited in pa-
tients with deeper structures due to body habitus. A key 
concept in tendon evaluation is an artifact known as “an-
isotropy.” This refers to change in appearance of the ten-
don based on the incident angle of the ultrasound beam. 
For example, when the probe is held perpendicular to the 
structure of interest, parallel fibers will reflect the emitted 
beam toward the probe and thus appear as hyperechoic 
and speckled, a characteristic of these fibers (Figures 1a 
and 1b). Contrarily, if the probe is held at a nonperpen-
dicular angle, the reflected beam will not return to the 
probe, resulting in a hypoechoic appearance (Figure 2). 

Pathology
Tendon strains result in varying degrees of fibrous tear-
ing. These tears can range from first-degree tears (a few 

Figure 2. Short-axis view of the Achilles tendon using a nonperpen-
dicular probe angle. The structure appears hypoechoic with relative 
loss of the speckled appearance.

Figure 3. (A) Long-axis view demonstrating a near complete tear of 
tendon with hematoma formation. (B) Long-axis view demonstrating 
a partial tear of the patellar tendon. (C) Long-axis view demonstrating 
full-thickness rupture of the patellar tendon. Note the relative continuity 
in the overall structure of the tendon as compared to complete tears.
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Figure 4. (A) Long-axis and (B) short-axis views of the quadriceps femoris tendon. Notice the vastus medialis (VM) and vastus intermedius (VI) 
muscles.

A B



 www.emed-journal.com� MAY 2017   I   EMERGENCY MEDICINE    233

fibers) to third-degree tears (complete disruption). Par-
tial tears result in focal hematoma formation (Figure 
3a) at the region of disruption, appearing on ultrasound 
as a hypoechoic fluid collection within a hyperechoic 
fibrillary or speckled tendon structure. If the disrup-
tion occurs along the surface of the tendon, a focus of 
anechoic fluid may be seen surrounding the tendon. 
Complete tendon ruptures, on the other hand, appear 
as a hypoechoic void with retracted tendon fragments 
visualized on either side4 (Figures 3b and 3c). Although 
complete tears can be more apparent clinically in areas 
in which a group of tendons performs a cohesive move-
ment (ie, rotator cuff), ultrasound can significantly re-
duce the rate of delayed diagnosis when physical ex-
amination is equivocal.

In the appropriate clinical setting, ultrasonography 
can provide rapid and dynamic assessment of muscu-
lotendinous injuries. Lower extremity injuries, includ-
ing those affecting the Achilles (Figure 1), quadriceps, 
(Figures 4a and 4b) and patellar tendons (Figure 5), are 
easier clinical applications. Assessment of rotator cuff 
tendons, although more difficult, can provide a specific 
assessment of shoulder pain.5 In such scenarios, ultra-
sound can serve a very useful role as an adjunct to the 
physical examination. 

An important point to recognize is that tendons will 
appear hypoechoic at the insertion point on bone (an-
thesis) due to increased curvature resulting in lack of 
anisotropy. This can appear as a pathological finding, 
but can be accounted for by simply performing a heel-
toe or tilt maneuver to arrange the beam perpendicular 
to the tendon fibers (Figures 6a and 6b). 

Summary
Musculotendinous injuries many times present as non-
specific symptoms of pain and/or swelling. In the case 
of an equivocal physical examination, musculotendi-
nous injuries can be diagnosed with increased accuracy 
through the use of ultrasound. Understanding the arti-

factual component of tendon ultrasound can aid the cli-
nician in diagnosing these injuries, enhancing patient 
care and satisfaction. 
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Figure 5. Long-axis view of the patellar tendon.

Figure 6.  (A) Long-axis view demonstrating hypoechoic appearance 
of Achilles tendon anthesis due to curvature of the terminal tendon 
fibers. (B) Long-axis view demonstrating resolution of hypoechoic ap-
pearance by adjusting incident angle via a heel-toe maneuver.
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