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Abstract: Elastography has emerged as a revolutionary advancement in ultrasound imaging, enabling non-invasive evaluation of tissue 

stiffness — a critical parameter in detecting pathological changes. It is broadly categorized into two main techniques: Compression 

Elastography (CE) and Shear Wave Elastography (SWE). CE functions by assessing tissue deformation in response to manual or 

physiological compression, offering qualitative or semi-quantitative insight. In contrast, SWE quantitatively measures the velocity of shear 

waves induced by focused acoustic radiation, providing objective and reproducible data on tissue elasticity. Both modalities have 

demonstrated significant clinical value in musculoskeletal imaging, particularly in the assessment of tendon injuries, where stiffness 

alterations often precede morphological changes. CE, while more accessible and cost-effective, is operator-dependent and subject to 

variability. SWE, although technologically advanced and more accurate, demands specialized equipment and technical expertise. This 

article explores the fundamental principles of CE and SWE, compares their diagnostic performance, and discusses their practical 

applications, advantages, and limitations in the evaluation of tendon pathologies. Understanding these modalities aids in selecting the 

appropriate technique for clinical scenarios and contributes to enhanced, elasticity-based diagnostic approaches in tendon injury 

management. 

 

Keywords: Ultrasound Elastography, Tendon Biomechanics, Achilles Tendon Pathology, Shear Wave Velocity, Strain Imaging, Quantitative 

Stiffness Evaluation, Real-time Tissue Characterization, Chronic Tendinopathy Diagnostics 

 

1. Introduction 
 

Tendons, the dense connective tissues linking muscle to bone, 

play a vital role in movement and joint stability. Injuries to 

tendons—ranging from inflammation to partial or complete 

tears—are frequent, particularly in athletes and individuals 

involved in repetitive strain activities. Timely and accurate 

diagnosis is essential for effective treatment and 

rehabilitation. While conventional ultrasonography remains 

the primary imaging tool for tendon evaluation, it primarily 

provides structural information and falls short in assessing 

mechanical properties like tissue stiffness. 

 

Elastography, an ultrasound-based imaging technique, 

addresses this gap by offering real-time information on tissue 

elasticity. Since stiffness often correlates with pathological 

changes, Elastography provides a functional perspective 

beyond grayscale imaging. The two primary elastographic 

techniques—Compression Elastography (CE) and Shear 

Wave Elastography (SWE)—each offer unique advantages 

and are increasingly being used in musculoskeletal imaging. 

This article delves into these two modalities and their specific 

applications in the assessment of tendon injuries. 

 

Understanding Elastography 

Elastography functions on the principle that pathological 

tissues exhibit altered mechanical stiffness compared to 

healthy tissues. It visualizes these variations by applying 

mechanical stress and measuring tissue displacement or wave 

propagation, depending on the technique used. 

 

Elastography is broadly divided into: 

1) Compression Elastography (CE): Also known as strain 

Elastography, it evaluates tissue displacement in 

response to external compression. Stiffer tissues deform 

less, allowing qualitative or semi-quantitative analysis 

via color-coded maps. 

2) Shear Wave Elastography (SWE): This technique 

generates shear waves within the tissue using acoustic 

radiation force. The velocity of wave propagation is 

measured, and tissue stiffness is calculated in kilopascals 

(kPa) or meters per second (m/s), offering a quantitative 

and reproducible assessment. 

 

Compression Elastography (CE) 

 

Principle: 

CE works by applying gentle pressure over the region of 

interest, usually with the transducer itself. The tissue’s 

response to compression—how much it deforms—is 

analyzed to estimate relative stiffness. 

 

Technique: 

• Operator applies rhythmic, gentle compression. 

• Software tracks tissue movement between frames. 

• A color map is overlaid: blue (hard), green (intermediate), 

and red (soft). 

 

Applications in Tendon Imaging: 

• Identifies changes in tendon stiffness due to fibrosis, 

degeneration, or inflammation. 

• Useful in chronic tendinopathy and post-surgical tendon 

monitoring. 

 

Advantages: 

• Cost-effective and widely available. 

• Can be used on standard ultrasound machines with 

Elastography modules. 

 

Limitations: 

• Highly operator-dependent. 

• Qualitative or semi-quantitative, which may introduce 

interobserver variability. 

 

Shear Wave Elastography (SWE) 

Principle: 

SWE involves the generation of shear waves by focused 

acoustic radiation force impulses. The propagation speed of 
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these waves through tissue reflects its stiffness—faster in 

harder tissues, slower in softer ones. 

 

Technique: 

• No manual compression is required. 

• Quantitative data is generated in real-time. 

• Results are displayed as color-coded elastograms with 

numerical values. 

Applications in Tendon Imaging: 

• Quantifies tendon stiffness in conditions like 

tendinopathy, partial tears, and healing post-injury. 

• Effective in evaluating asymptomatic overuse and 

recovery after treatment. 

 

Advantages: 

• Quantitative and highly reproducible. 

• Less operator-dependent than CE. 

• Enables longitudinal follow-up with precise stiffness 

measurement. 

 

Limitations: 

• More expensive and requires high-end ultrasound 

systems. 

• May be affected by tissue anisotropy and patient motion. 

 

 

 

 
 

Clinical Relevance in Tendon Injury 

The ability to evaluate tendon stiffness offers significant 

advantages in diagnosing and managing tendon injuries. 

Changes in tissue stiffness often precede visible structural 

damage, making elastography particularly valuable for early 

detection. Elastography aids in: 

• Early Diagnosis: By detecting stiffness alterations, 

clinicians can diagnose tendon injury or degeneration 

before structural changes are visible. 

• Treatment Monitoring: SWE and CE can track changes in 

stiffness during rehabilitation, helping adjust treatment 

plans based on objective data. 

• Post-Surgical Assessment: Both techniques can assess the 

healing of tendons after surgical repair, monitoring the 

restoration of normal tissue stiffness. 

 

2. Case Presentation 
 

Challenges and Future Directions 

A 35-year-old male runner presents with chronic Achilles 

tendon pain and morning stiffness that has persisted for the 

last three months. On physical examination, there is localized 

tenderness and mild swelling over the midportion of the 

Achilles tendon. B-mode ultrasound reveals tendon 

thickening and mild heterogeneity, but the severity of the 

condition remains unclear, leaving questions about the 

underlying cause of the symptoms—whether they are due 

chronic tendinopathy, early degenerative changes, or scar 

tissue. 

 

Diagnostic Approach Using Elastography 

Given the ambiguous findings on B-mode ultrasound, 

Elastography techniques, specifically Compression 

Elastography (CE) and Shear Wave Elastography (SWE), 

were employed to provide a more detailed and objective 

evaluation of the tendon’s biomechanical properties. 

 

>Compression Elastography (CE) was first used to assess the 

relative stiffness of the tendon. The CE technique revealed 

areas of increased stiffness, correlating with the regions of 

tenderness and swelling on physical examination. This 

suggested a localized pathological change, possibly early 

tendinosis. 

>Shear Wave Elastography (SWE) was then applied for a 

more quantitative analysis. SWE indicated significantly 

elevated stiffness in the affected area, with measurements in 

the range of kPa (kilopascals), consistent with the presence of 

fibrosis or degenerative tissue.  

 

Despite their promise, both CE and SWE face several 

challenges: 

 

• Standardization: Lack of standardized protocols for 

measurement and interpretation. 

• Operator Experience: CE’s operator dependence and 

SWE’s sensitivity to artifacts require expertise and careful 

technique. 

• Technological Advancements: Ongoing improvements in 

both elastography techniques, particularly in portability 

and integration with other diagnostic tools, will likely 

enhance clinical utility. 

 

Future research should focus on developing unified 

guidelines for elastography in tendon assessment, improving 

device accessibility, and exploring machine learning 

algorithms to aid in the interpretation of elastographic data. 
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3. Conclusion 
 

Both Compression Elastography and Shear Wave 

Elastography offer significant contributions to the non-

invasive assessment of tendon injuries. While CE is cost-

effective and accessible, SWE provides more precise, 

reproducible, and quantitative measures. Choosing between 

these techniques depends on clinical needs, available 

resources, and the required level of diagnostic accuracy. As 

elastography continues to evolve, its role in tendon injury 

management will only grow, leading to better patient 

outcomes through personalized treatment approaches. 
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