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Echo Strain is a systematic tool for structural and 
functional analysis of the musculoskeletal system that 
derives from the merging of consolidated technologies 
such as dynamic ultrasound, strain analysis and 
deformation patterns, and physics-based modeling 
and simulation of the human body and its districts, 
which has opened the world of CAD/CAM technologies 
to medicine.

Echo Strain is a systematic that allows to accurately 
analyze the relationship between the hard and soft 
constituents of the musculoskeletal system and, in 
particular, of the chewing organ, usable both for 
diagnostic and therapeutic purposes.

Echo Strain allows the production of quantitative data 
for the study of the musculoskeletal system in general 
and of the chewing organ in particular.

To view the videos contained in this presentation you must download and install: 
Acrobat reader DC
Flash Player ( ActiveX - Plug-in )

Echo Strain is a methodology built on a PC-based 
open-architecture platform which allows interfacing 
with other survey tools such as electromyography, 
pressure sensors, and motion detection systems by 
video tracking techniques.



Dynamic Ultrasound is a clinical investigation technique, instrumentally 
assisted by an ultrasound device, which allows you to observe the behavior of 
muscles and joints both in rest and functional activity.

The strain or deformation pattern analysis is a technique that allows, using a 
ultrasound cine of the contraction of a skeletal muscle, to describe from a 
qualitative and quantitative point of view the strain supported by muscle 
during contraction.
Such an investigation is carried out for example for the chewing of a food, the 
swallowing of a liquid, a strain test on complex motility activities such as 
deambulation.
The Strain analysis has been successfully introduced ten years ago in 
echocardiography and is now widely used for quantitative evaluation of the 
contractile capacity of the myocardium.
More recently, the speckle tracking application have been introduced to study 
skeletal muscles.
Today, for the first time, it is available for the dynamic study of the chewing 
organ and the muscles of the head and neck.

Physics-based simulation is based on the use of technologies to model, analyze 
and replicate in virtual reality physical objects by simulating phenomena such 
as motion, deformation, and field effects. The motion analysis of kinematic 
chain dynamics, the finite element method for the study of elastic and 
hyperelastic deformations and stresses, the analysis of vibrational modes, heat 
transmission, techniques for analysis and fluid simulation gives rise to systemic 
and complex analysis systems.

Dynamic  US - clenching masseter m.

Dynamic  US - clenching masseter m.: 
Deformation patterns

Intraoral scanning























1st DAY 

morning:  Basic principles (A. Busato) 

The chewing organ: bio-machines and levers

Forces, movement, work, friction, fatigue wear

Gain, mechanical performance, structural and movement 

constraints

Structural analysis of the chewing organ: physics based 

modeling of the chewing organ

afternoon:  history and clinical examination (V. Vismara)

R.F.C.O. - Behavioral and Functional Rehabilitation of the 
masticatory organ 
Clinical history

Morphological structural and functional masticatory organ analysis

• Chewing
• Swallowing
• Phonology
• Thinning and dental grinding
• The spoiled habits

2nd DAY
morning:  Assisted instrumental clinical diagnostic (A. Busato) 

Ultrasound and Dynamic Ultrasonology

The strain analysis

Skeletal muscle strain analysis

Hardware and software

afternoon:  Assisted instrumental clinical diagnostic (V. Vismara, 
A. Busato)
Stress test, chewing, swallowing, phoning

• Analysis of jaw muscles and TMJ
• Analysis of suprahyoid muscles
• Analysis of subhyoid muscles
• Analysis of neck muscles
• Analysis of superclavicular lodge
• Analysis of the tongue



3rd DAY

morning:  strain analysis objectives (V. Vismara, A. Busato)

Muscle Performance Analysis
Functional analysis of the chewing organ (chewing, swallowing, phoning)

Functional analysis of neck and back neck muscle chains

Energetic balance of the investigated functions
R.F.C.O. - Behavioral and Functional Rehabilitation of the masticatory 
organ 

afternoon:  the physics based modeling of the chewing organ 
(A. Busato)

4th DAY
morning:  programming and implementation of structural 
therapy (A. Busato)

afternoon:  R.F.C.O. - programming and execution of 
functional therapy (V. Vismara) 

CAD / CAM technologies
The digital orthodontic set-up
Aligners for orthodontic therapy
Medical devices tailored to the prosthesis
Modulators of skeletal muscle deformation patterns

Full digital simulators of the chewing organ 
Intraoral scanners
Cone beam
Electronic axiography
Structural analysis of the chewing organ

Ultrasound and functional re-education 
Swallowing
Chewing
Spoiled habits

Evaluation of therapies
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The advanced  course in Dynamic Ultrasound lasts 32 hours. It is organized in two sections of two days each (Friday and 
Saturday).
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Dynamic ultrasound and muscular-skeletal strain analysis. 
Functional and structural analysis of the chewing organ

Movement 
Strength

Constraints 
Work 

Fatigue wear
Prosthesis



Fundamentals
Dynamic ultrasound
The speckle tracking and strain
Myocardial strain analysis
Skeletal muscle strain analysis 
Physic-based simulation

Hardware & Software
PC Windows
PC Based Ultrasound System and related software (Telemed MicrUs / MicrUs Duo) 
Ultrasound Probes (Telemed)
Multidirectional Ultrasound Probe-Holder - Headset 
Data Collection Software 
Software / hardware for data analysis and reporting

Objectives
Muscle Performance Analysis
Functional analysis of the chewing organ (chewing, swallowing, phoning) 
Functional analysis of the neck and back neck muscle chains
Energy balance of the investigated functions
R.F.C.O. - Behavioral and Functional Rehabilitation of the masticatory organ  
Evaluation of therapies

Anatomy 
The muscles of the head and neck

Temporomandibular joint - TMJ 

Physiology
Chewing 

Swallowing 
Phonation

Para-functions 
Grinding 

Clenching

Spoiled habits 
Onicophagia 

Thumb Sucking 
ect.



Dynamic ultrasound of the musculoskeletal system is a technique of 
clinical investigation, instrumental assisted by an ultrasound device 
that allows to observe the behavior of the muscles and joints during a 
functional and para-functional activity.

As for the chewing organ, the functions investigated are chewing of 
natural foods and test foods, swallowing saliva and food bolus, and 
phonation. The stress tests performed replicate activities such as 
blinds, dental grinding and spoiled habits (onyphagia, ect.)

The dynamic ultrasound of the musculoskeletal system 

Video 1 ) Maximum contraction of M. Masseter Fig. 1) M. Masseter
External section
• external layer   >  1
• internal layer    >  2

Intermediate section  >  3

Internal section
• outward layer  >  4
• central layer    >   5
• inward layer    >   6
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Fig. 2) M. Masseter Fig. 3 ) Layers of M. Masseter

Dynamic ultrasound, unlike surface 
electromyography, allows the specific 
observation of the parts and layers of 
a muscle as well as their behavior 
during functional and/or para-
functional activity.






The strain analysis or deformation pattern of a skeletal muscle is a qualitative and quantitative analysis, 
performed on an ultrasound cine of the deformation to which a muscle is subjected during a functional activity or 
strain test.
The term "strain" has multiple meanings including deformation and strain. 
Strain analysis of a skeletal muscle consists in observing the deformation of the muscle as a result of isometric 
and/or isotonic contraction during a functional activity or during a stress test. This technique can be used to 
analyze the behavior of all skeletal muscles. 
It allows us to observe the muscles of the head and neck during activities such as chewing, swallowing and 
phoning for example in order to identify the mechanisms with which dysfunctional behavior of the chewing organ 
changes the state of health of the musculoskeletal apparatus. 
With this technique, can be performed a quantitative analysis of the effects of the teeth (number, shape, volume, 
orientation and position) on the chewing muscles and temporomandibular joint.

Deformation patterns

Compression 
Dilatation

Cross-plane 
Horizontal strain 

Vertical strain 
Horizontal shear 

Vertical shear 
Horizontal displacement 

Vertical displacement

Ecodynamics: massive contraction of muscle 
masseter

Ecodynamics: ROI

Ecodynamics: color code strain mapping 

Analysis of the strain of the head and neck muscles















The muscular activity can be visualized by following the motion of the tissue 
imaged on ultrasound recordings. Tissue tracking techniques are known as two-
dimensional (2D) opticalflow (3,4) and have been used in many research fields. 
They are commonly referred to as “speckle tracking” in echographic (B-mode) 
imaging when such displacements are used to follow physiological motion (5). 
Moreover , once the tissue elements are followed during their motion, it is 
possible to assess the deformation or strain of individual regions. Strain analysis 
can be physiologically significant for a muscle as it directly reflects the muscular 
activity in terms of contraction or stretching. Strain analysis in speckle tracking 
echocardiography was successfully introduced about one decade ago (6- 8) and is 
now a largely diffused approach to the quantification of the contractile function 
of the myocardium (9). Application to skeletal muscles was introduced more 
recently(10-14), however its application to the masseter has not yet been 
verified. Electromyography was previously applied to masseter to describe the 
electrical phenomena that occur during muscle contraction, however , it does not 
provide a direct biomechanical analysis of the masticatory organ during its 
function.

Strain analysis
STRAIN ANALYSIS OF MASSETER MUSCLE BYULTRASOUND

A. BUSATO1, G. BALCONI2, V. VISMARA1, L. BERTELÈ3, G. TONTI4  and 
G. PEDRIZZETTI5

1Medica Libra, Milano, Italy; 2Department of Radiology, Hospital San Raffaele Turro, 
Milano,  Italy; 3Fondazione Apostolo, Merate, Italy; 4Cardiology Division, “G. d’Annunzio”

University,  Chieti, Italy; 5Department of Engineering and Architecture, University of 
Trieste, Italy









Hardware & Software
PC Windows
PC Based Ultrasound and related software (Telemed MicrUs / MicrUs Duo) 
Ultrasound Probe/Duo Probe (Telemed)
Multidirectional Ultrasound Probe-Holder - Headset 
Data collection software
Software / hardware for data analysis and reporting

1. Jaw elevator muscles

2. Suprahyoid muscles

3. Tongue

4. Buccinator and muscles of facial expression

5. Subhyoid muscles / sternocleidomastoid muscle / fvn

6. Back neck muscle / cervical spine

7. TMJ - Temporomandibular joint

8. Lateral pterygoid muscle
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The Ultrasound Probe Headset (multidirectional ultrasound 
probe holder) is a tool that fulfills various tasks. 
The strain analysis is as reliable as the ultrasound probe is 
able to follow muscle contraction and mandible movement, 
especially during chewing, without introducing clinically 
meaningful interferences. 
The Ultrasound Probe Headset consists of an adjustable 
facial arc, probes and accessories that allow a controlled 
head and neck muscle scanning and allow the evaluation of 
energy balance of the  investigated functions.

Ultrasound Probe Headset



probe/duo probe - back neck muscles

DX SX Norma





















probe - suprahyoid muscles



probe/duo probe -  subhyoid muscles



Objectives
Muscle Performance Analysis
Functional analysis of the chewing organ (chewing, swallowing, phoning)  
Functional analysis of the neck and back neck muscle chains
Energy balance of the investigated functions
R.F.C.O. - Behavioral and Functional Rehabilitation of the masticatory organ 
Evaluation of therapies

Deformation patterns

Compression 
Dilatation

Cross-plane 
Horizontal strain 

Vertical strain 
Horizontal shear 

Vertical shear 
Horizontal displacement 

Vertical displacement












Cross-plane deformation pattern

Masseter dx   Masseter sx

Clenching

Deglutizione
Chewing

M- mode 
Masseter dx

M- mode 
Masseter sx

Swallowing



Compression 

Horizontal 
displacement

Horizontal 
shear 

Cross-plane

Masseter muscle :

Normal 

The contraction of the masseter 
was progressively reached and 
maintained for 5 seconds.

DX SX

Dilatation

Vertical 
shear  

Vertical 
displacement

M-mode  

Normal 

DX SX

Horizontal 
strain

Vertical 
strain

Patient Data Patient Data



Strain allows to evaluate the shortening of a muscle with respect to its 
initial length.

If we know the Strain and the various lengths, from the kinematism of 
the mandible it is then possible to evaluate the displacement at the 
level of a tooth at the distance D  from the virtual rotation center:

s = 𝑆𝑆𝑆𝑆 × 𝐷𝐷

The work during the chewing cycle is given by the integral of the 
product between strength and infinitesimal shift.

Known the force F(t)  at the distance D and the Strain St(t) on the 
muscle, the mechanical work 𝑊1,2  between two instants t1 and t2 is 
given by the integral:

𝑊𝑊1,2 = 𝐷𝐷 × �
𝑡𝑡1

𝑡𝑡2
𝐹𝐹(𝑆𝑆) ×

𝑑𝑑𝑆𝑆𝑆𝑆
𝑑𝑑𝑆𝑆

× 𝑑𝑑𝑆𝑆

which can be evaluated numerically by one of the many uadrature ̀
methods (Trapezi or Simpson)

Therefore, in the mandible movement, the value of the Strain 
detectable on the masseter muscle corresponds to each level of the 
movement itself (yellow curves)



Analysis of skeletal muscle deformation patterns

• The strain analysis technique is sensitive as well as repeatable.

• There is a correspondence between surgical anatomy and strain analysis (masseter m.)

• The different components of a muscle do not have homogeneous deformation patterns  (masseter m.)

• There are physiological deformation patterns and dysfunctional deformation patterns (m.massetere)

• Modifyng the examined section of a muscle, changing the orientation and position of the
ultrasonic probe, the results do not change.

• If the elements that determine the behavior of a muscle (number, shape, position, volume, and teeth
orientation) do not change, the muscle behavior (strain patterns) does not change.

• Through customized medical devices it is possible to change skeletal muscle deformation patterns.
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The masseter muscle represents an area of important functional interest. The present study aims to
verify the feasibility of ultrasound imaging for quantifying the muscular deformation pattern in the
masseter. Fifteen consecutive subjects were enrolled and underwent masseter ultrasound according to a
repeatable protocol. Ultrasound was carried out during teeth clenching in natural conditions and after
the insertion of a medical device that alters the distance between the dental arches, and was repeated on
3 different days. Results showed that masseter deformation is not uniform within the muscle. The same
strain patterns were repeated in the different ultrasounds of the same patient and were modified after the
introduction of a medical device. This was supported by quantitative comparisons in the deep portion of
the muscle (standard deviation on the three measures: 3% normal conditions, 2% with medical device)
showing a systematic reduction with the prosthesis (30% on average). This study demonstrated that
masseter strain analysis is a repeatable and sensitive tool for the study of functional analysis of the
masticatory organ. This opens new technical perspectives for the diagnosis and therapy of dysfunctional
pathologies of the masticatory organ.

The masseter is a superficial muscle, which can
be easily accessed by ultrasound equipment using
high frequency, linear and real time probes. High
frequency provides a detailed representation of the
structures under examination and linear sensors are
easily adaptable to the surfaces of the cheek while
avoiding image distortions. In this way, masseter
ultrasound permits a structural evaluation of the
muscle (thickness, epimysium, perimysium) whose
regular comb-like structure is made up by three, well
oriented, layers and results in a relatively complex
echogenicity. These structural parameters correlate
with the anatomic integrity of the muscle and its
tropism.

Ultrasound imaging in Real Time also enables
the visualization of the muscle during its movement.
This allows recognizing anatomic alterations during
stress phases that cannot be detected at rest. In
addition, acquisition of time sequences could allow,
in principle, the evaluation of physiological
characteristics of the muscle during its movement and
an assessment of its functional properties. Functional
evaluation could be useful to integrate the structural,
anatomical information because the masseter is
expected to be able to control the deformation in the
different regions for changing the mechanical gain of
the human mandibular lever (1).

The   masseter   muscle   represents   an   area of

The strain analysis technique is sensitive as well as 
repeatable.
Muscle deformation patterns can be intentionally 
modified. (Therapy)



Massetere Muscle

Surgical anatomy
Strain analysis

A) External section (anterior)

1) External layer
2) Internal layer

B) Intermediate section
3) Intermediate layer

C) Internal section (posterior)
4) Outward layer
5) Central layer
6) Inward layer






Sample Investigated

100    :    male patients 
100    :    female patients 
1200  :    maximum contractions 

• The group is composed only of patients without any symptoms
Craniomandibular Disorders

• Compression and cross-plane patterns were taken into account

Results

• Three functional areas : 98% of cases investigated
• Parte anteriore  : 40% one area - 60% two areas
• Parte intermedia  : 30% one area - 70% two areas
• Parte posteriore  : 60% one area - 30% two areas 

 10% three areas



Masseter Muscle

Distribution of the strain
Muscle layers

Physiological Patterns 

A) External section (anterior)

1) External layer
2) Internal layer

B) Intermediate section
3) Intermediate layer

C) Internal section (posterior)
4) Outward layer
5) Central layer
6) Inward layer






Dilatation

Cross-plane

Horizontal shear 

Horizontal displacement

Vertical displacement

Sample Investigated

100    :    male patients 
100    :    female patients 
1200  :    maximum contractions 

• The group is composed only of patients without any
symptoms Craniomandibular Disorders

• The patterns represented on the side were taken into
account

In 92% of the sample investigated for 
the dilatation and cross-plane patterns, 
the most active parts of the masseter m. 
are the intermediate section and the 
central layer of the internal section.

1

2

3

4

The two layers of the external section of 
the masseter m., twist with the opposite 
sign and direction, and the same 
happens for the superficial head and the 
deep head of the internal section of 
massetere m.. 
The central layer of the internal section 
of the masseter m. appears, on average, 
not very active if viewed from this point 
of view. 
The horizontal shear pattern of this type 
is present in 86% of cases.

During a isometric contraction of massetere m.,  
the external layer of the external section 
(superficial masseter) and the inward layer of the 
internal section (deep masseter) show a relative 
displacement of opposite sign in dorsal-ventral 
direction.
The intermediate masseter appears to be poorly 
active in the horizontal displacement pattern 
analysis in 96% six cases.

It shows the relative displacement in the 
medium-lateral direction to be read as opposit 
of what is observed in the ultrasound cine as in 
the previous case.
This vertical displacement pattern is present in 
98% of cases.



Masseter Muscle

Distribution of the strain
Physiological patterns

Dysfunctional patterns

A) External section (anterior)

1) External layer
2) Internal layer

B) Intermediate section
3) Intermediate layer

C) Internal section (posterior)
4) Outward layer
5) Central layer
6) Inward layer






Sample Investigated 

50 patients:   mono lateral chewing dx     
50 patients:   mono lateral chewing  sx 
50 patients:   bilateral alternate chewing

• The group is composed only of patients without
any symptoms Craniomandibular Disorders
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