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Abstract
This brief review article was conducted to summarize the findings regarding correlation and agreement between different 
methods to assess muscle stiffness (shear wave elastography (SWE), myotonometry, and passive joint stiffness measure-
ments). Muscle stiffness, an important biomechanical characteristic, influences joint flexibility, postural stability, injury risk, 
and athletic performance. SWE provides insights into tissue elasticity by measuring the propagation speed of shear waves, 
while myotonometry assesses stiffness through induced muscle oscillations. Passive joint stiffness measurements offer a 
holistic perspective, capturing the resistance of the entire joint to movement. However, distinguishing the contributions of 
muscular and non-muscular tissues remains a challenge in this method. The article highlights the variability in the correlation 
between these methodologies, influenced by factors such as muscle length, age, and examiner technique. While some studies 
report good agreement between SWE and myotonometry, others note discrepancies, underscoring the need for careful method 
selection based on the research or clinical context. This review highlights the complexity of assessing muscle stiffness and 
the necessity of a nuanced approach in interpreting data from different measurement techniques, aiming to guide researchers 
and clinicians in their choice of method for a precise and accurate evaluation of muscle stiffness.
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Introduction

In this brief review, we focus on muscle stiffness, a key bio-
mechanical characteristic that influences musculoskeletal 
function. We critically examine and compare the method-
ologies and findings of shear-wave elastography (SWE), 
myotonometry, and passive joint stiffness measurements. 
This comparison aims to provide insights into the correlation 
and agreement between these different assessment methods, 
highlighting their implications in both research and clinical 
settings. Muscle stiffness, a pivotal biomechanical charac-
teristic, plays an integral role in bodily functions ranging 
from joint flexibility [1] and postural balance and is possibly 

linked to musculoskeletal injuries [2, 3] and athletic perfor-
mance [4]. Its assessment is crucial in both clinical diagnos-
tics and rehabilitation, as well as in sports science research. 
The concept of stiffness is based on Hooke’s law, which 
states that the force required to deform an object is directly 
related to a constant value (spring constant) and the amount 
of deformation [5, 6]. Simply put, stiffness describes how an 
object responds to an applied force by measuring its defor-
mation [7]. In relation to the human body, stiffness refers to 
the biomechanical characteristic of the tissue and explains its 
resistance to contraction or an external force that deforms its 
original shape [8]. Muscle stiffness, referred to as passive or 
active, is the muscle’s ability to maintain its initial structure 
against external forces to prevent deformities [9]. Passive 
muscle stiffness (i.e., muscle stiffness at rest) is influenced 
by three main factors: the predominant type of muscle fib-
ers, muscle length, and the quantity of collagenous tissue 
in the muscle [10–13]. These are different from the factors 
that determine active muscle stiffness (i.e., muscle stiffness 
during contraction), which depends on the level of motor 
unit recruitment, length and force, and movement history 
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[14, 15]. Muscle stiffness is known to influence joint flex-
ibility, postural balance, and the risk of sustaining injuries 
[16–18]. Furthermore, an appropriate level of lower extrem-
ity stiffness is required for achieving optimal performance in 
activities like running, jumping, and hopping [19].

Muscle or tendon stiffness measurement serves several 
valuable purposes: it can help detect pathological changes, 
monitor rehabilitation program efficacy, indirectly evaluate 
athletic performance, and can be also used for research pur-
poses to compare the effectiveness of different interventions. 
For example, decreased stiffness of the Achilles tendon may 
indicate an increased risk for Achilles tendinopathy [20]. 
Furthermore, stiffness of the tensor fascia latae may be use-
ful to track the progression of rehabilitation of iliotibial band 
syndrome [21]. Regarding athletic performance, sufficient 
leg stiffness can help an athlete store more elastic energy at 
landing and generate more concentric force output at push 
of, which is beneficial for both, rapid stretch–shortening 
cycle activities, as well as for actions involving high speed 
of movement [7, 22]. For instance, resting stiffness of the 
medial gastrocnemius (MG) muscle can be considered as 
one of the factors that influence drop jump performance 
[14]. In summary, the optimal level of stiffness seems to 
depend on the muscle group, population, and context.

Various non-invasive methods can be used to assess mus-
cle or tendon stiffness, including ultrasound SWE [23, 24], 
myotonometry [25], and passive joint torque measurements 
[26]. Briefly, SWE quantifies shear modulus (an estimate of 
soft tissue elasticity or stiffness) by measuring the propaga-
tion velocity of ultrasound-induced shear-waves in tissue 
[23, 24]. An alternative method is myotonometry, which is 
less expensive than SWE and requires less technical exper-
tise for the assessment of muscle mechanical properties 
[27, 28]. Myotonometry measurements can be taken with 
the MyotonPRO, a non-invasive handheld device which 
generates an oscillation in soft tissues resulting in a calcu-
lation of the mechanical properties of the tissues [20]. In 
addition, muscle/tendon stiffness can be assessed by meas-
uring torque–angle relationships of joints, because passive 
joint torque is influenced by musculotendinous structures 
around the joint [29, 30]. Nevertheless, it remains uncer-
tain whether these methods can be used interchangeably. A 
recent investigation using phantom models reported a good 
correlation (r = 0.75 – 0.98) among various methods for stiff-
ness assessment [31]. However, in vivo human studies pro-
duced mixed results; some studies reported good correlation 
between SWE and myotonometry measurements [32, 33], 
while others did not [34]. A recent study by Voglar et al. [35] 
compared SWE with passive joint torque measurement and 
found SWE to be more sensitive to intra-muscular changes 
in hamstring muscles, induced by eccentric exercise.

In summary, SWE enables direct measurements of mus-
cle stiffness in selected regions of interest. Myotonometry, 

a more accessible and less technical approach, measures 
muscle oscillations to determine stiffness but is limited to 
superficial tissues. Passive joint stiffness measurements offer 
a holistic perspective, integrating the resistance of the entire 
joint complex. Each method has distinct advantages and 
applications, making their comparison essential for selecting 
the most appropriate technique based on specific research or 
clinical requirements. Our paper aims to provide an over-
view of the studies that explored the correlation between 
the results of SWE, myotonometry, and passive joint torque 
measurements and whether they respond similarly to differ-
ent interventions. Understanding the agreement and correla-
tion between different methods for assessing biomechanical 
properties is imperative for enhancing the precision and reli-
ability of clinical evaluations and interventions.

Methodology

A comprehensive literature search was conducted to iden-
tify studies that focused on the agreement and correlation 
between SWE, myotonometry, and passive joint stiffness 
measurements. Such review of existing research will help 
to better understand and compare the different methods 
used to assess muscle stiffness. Databases including Pub-
Med, Scopus, and Google Scholar were searched up to July 
2023. The search terms used were a combination of key-
words and MeSH terms such as “shear-wave elastography,” 
“myotonometry,” “passive joint stiffness,” “correlation,” and 
“agreement.” In addition, reference lists of included articles 
were searched. Studies were included based on the following 
eligibility criteria: (a) original research articles published 
in peer-reviewed journals; (b) studies that compared at least 
two of the measurement methods: SWE, myotonometry, and 
passive joint stiffness; and (c) studies published in English. 
Data extracted from each study included author names, year 
of publication, measurement methods compared, key find-
ings, and limitations. Given the heterogeneity of the studies, 
only a narrative synthesis was conducted to summarize the 
findings.

Relationship Between Shear‑Wave 
Elastography and Passive Joint Stiffness 
Measurements

The relationship between muscle stiffness measured via 
SWE and passive joint stiffness has yielded inconsistent 
results across studies. Several factors seem to influence this 
correlation, including the specific joint measured, its posi-
tion, age, and normalization of joint stiffness by body mass.

Most studies we reviewed investigated the shear modu-
lus of the triceps surae muscle in relation to passive ankle 
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stiffness. Chino et al. [36] found no significant correlation 
between the shear modulus of the MG (muscle located at 
the back part of the lower leg) and passive ankle stiffness. 
However, in their earlier study, a positive correlation was 
observed when the ankle was in dorsal flexion (r = 0.40), 
but not in plantar flexion [37]. This was confirmed by Hirata 
et al. [38] who found a positive correlation between ankle 
stiffness and shear modulus of MG (r = 0.45) and soleus 
(SO) (r = 0.51) in a dorsiflexed position. This correlation 
was not present in a neutral position of the ankle, suggest-
ing that shear modulus can reflect ankle joint stiffness when 
substantially stretched, while its shear modulus in a more 
slacked position is not related to passive joint stiffness in 
a corresponding region of range of motion. Furthermore, 
the correlation was not observed in older adults, which can 
be a consequence of aging. With aging the muscle mass 
decreases and the quantity and quality of non-muscular 
tissues change. This could be the reason that the material 
properties of the muscles themselves contribute less to the 
joint stiffness. It is important to add that the authors also 
calculated the body-mass-normalized passive ankle stiffness 
and found that it correlated well with the shear modulus of 
the triceps surae muscles in dorsal flexion (r = 0.46–0.56) as 
well in the neutral position (r = 0.47–0.51), both in younger 
and older adults [38]. This may be due to the normaliza-
tion of body mass, as the absolute passive joint stiffness is 
a size-dependent measure, while the shear modulus repre-
sents a size-independent material property. Along with MG 
and Achilles tendon (AT) elasticity expressed with Young’s 
modulus, Chino et al. [39] found a significant correlation 
between stiffness indices (estimated from muscle belly and 
muscle–tendon unit changes during passive DF) and pas-
sive ankle stiffness. However, no correlation was observed 
with Young’s modulus of MG or AT. The lack of this cor-
relation may have resulted from a narrower range of values 
(reflected in lower coefficient of variation) for tissue elastic-
ity as compared with those of joint stiffness. Maisetti et al. 
[40] reported a strong correlation between muscle shear 
modulus-length and force–length relationships, suggesting 
a parallel change in shear modulus and passive muscle force 
during stretching.

Other studies explored the shear modulus of hamstrings 
in relation to passive hip stiffness. While Miyamoto et al. 
[41] found a positive correlation between shear modulus of 
each hamstring muscle and both absolute and normalized 
hip stiffness (r = 0.71–0.75), Voglar et al. [35] found contra-
dicting results. They explored the effects of eccentric exer-
cise on passive hamstring muscle stiffness and found that 
the changes in shear modulus of neither of the hamstrings 
were in correlation with the changes in passive hip torque 
or passive joint stiffens. One possible explanation is that 
the relationship between passive torque measures and shear 
modulus could be angle-specific. This inconsistency might 

stem from angle-specific relationships between passive 
torque and shear modulus, as suggested by Xu et al. [42].

Overall, the research underscores that numerous factors 
influence the correlation between shear modulus and pas-
sive joint stiffness. This relationship seems to be different 
in older adults and is influenced by muscle length and nor-
malization by body mass. Further research is warranted to 
understand these dynamics across different muscle groups 
and joints, especially beyond the triceps surae. From the 
practical standpoint, the research suggests that shear mod-
ulus changes in parallel with passive muscle force during 
a stretch, and that shear modulus assessed at longer mus-
cle length is associated with passive joint stiffness in the 
corresponding range of motion. However, shear modulus 
scores obtained at neutral or slack muscle lengths seem to 
be related to passive joint stiffness.

Relationship Between Myotonometry 
and Passive Joint Stiffness

Only three studies have assessed the relationship between 
myotonometry and passive joint stiffness assessment, with 
two conducted in patient populations. Rydahl et al. [43] 
included 23 stroke survivors (67.5 ± 10.9 years) and 24 
control subjects (71.2 ± 9.0 years) for gastrocnemius stiff-
ness. The stroke patients exhibited higher passive stiffness 
and dynamic stiffness (myotonometry). The methodology 
allowed the authors to conclude that myotonometric meas-
urements were particularly reflective of intrinsic (but not 
reflexive) muscle stiffness. Li et al. [44] included 14 subjects 
with hemiplegia (61 ± 10 years) and assessed biceps brachii 
dynamic stiffness (myotonometry), as well as passive elbow 
flexor torque. Statistically significant correlations were 
observed between passive stiffness and dynamic stiffness 
(r = 0.55), indicating high sensitivity of the myotonometry 
to the detection of spasticity and provided a validation of 
the technique. Finally, Tennant et al. [45] reported no rela-
tionship between passive mechanical stiffness of the lumbar 
spine and myotonometry-based outcomes (neither for erector 
spinae muscle and supraspinous ligament). In addition, nei-
ther passive mechanical stiffness nor the lumbar spine and 
myotonomy-based outcomes correlated with clinical meas-
ures of stiffness, such as “passive intervertebral motion test” 
and “posteroanterior spring test”.

In summary, recent research efforts that combined myo-
tonometry and passive joint stiffness assessment have pro-
duced mixed outcomes. While some studies have found 
correlations between passive joint stiffness and dynamic 
stiffness, highlighting the potential of myotonometry in 
detecting intrinsic muscle stiffness and spasticity in plantar 
flexors and elbow flexors, others reported no clear relation-
ship in the lumbar spine region. These discrepancies suggest 
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that the applicability of myotonometry might vary based on 
the specific anatomical context and population in question.

Relationship Between Shear‑Wave 
Elastography and Myotonometry

Previous research has probed the relationship between 
dynamic stiffness (measured with a myotonometer) and 
shear modulus both at rest and during muscle contraction. 
Although various muscle groups have been assessed, the 
majority of studies concentrate on the lower leg. Feng et al. 
[46] reported moderate correlations between stiffness indices 
from MyotonPRO and Young’s modulus for MG (r = 0.46), 
lateral gastrocnemius (LG) (r = 0.54), and AT (r = 0.54). 
These correlations were confirmed by Lee et al. [33] with 
similar correlation coefficients for MG (r = 0.669 and 0.551) 
and tibialis anterior (TA) (r = 0.56; 0.540) while resting and 
during contraction, respectively. Furthermore, Kelly et al. 
[47] found significant correlations between shear modulus 
and dynamic stiffness for gastrocnemius at 40% maximal 
voluntary contraction (MVC) (r = 0.54) and 80% MVC 
(r = 0.55). Comparing young adults to elderly, Do et al. [48] 
found moderate to strong correlations for both groups at rest 
(MG, r = 0.41–0.63; TA, r = 0.48–0.56) and during contrac-
tion (MG, r = 0.46–0.47; TA, r = 0.636), with an exception 
of TA in elderly. Khowailed et al. [32] assessed the differ-
ences in shear modulus and dynamic stiffness during the 
menstrual cycle in young women. Shear modulus of MG 
and TA correlated well with myotonometer measurement in 
the follicular phase, both while resting (TA, r = 0.56; MG, 
r = 0.78) as well as during muscle contractions (TA, r = 0.42; 
MG, r = 0.56). During ovulation, there was a significant cor-
relation between MG shear modulus and dynamic stiffness 
in resting position (r = 0.48); however, this correlation was 
not significant for the TA. Furthermore, no relationships 
between SWE and myotonometry outcomes were found 
during contraction in this phase.

Researching the relationship of the shear modulus and 
dynamic stiffness of vastus lateralis (VL), Bravo-Sanchez 
et  al. [27] found no correlation, suggesting that SWE 
assesses a different type of stiffness from the MyotonPRO. 
Contradicting results were observed by Lee et al. [33] who 
reported small to moderate correlations between the shear 
modulus of rectus femoris and its dynamic stiffness, both 
at rest and during contraction (r = 0.39–0.42). The same 
authors reported even stronger correlations between the 
shear modulus and dynamic stiffness for biceps femoris, 
both at rest and during contraction (r = 0.59–0.65).

Furthermore, studies have assessed the relationship 
between shear modulus and myotonometry in various mus-
cles of the back and rotator cuff. While Kelly et al. [47] 
found a small to moderate association between the two 

methods in the infraspinatus at 80% MVC (r = 0.37) and 
erector spinae at 80% MVC (r = 0.54), Pimentel-Santos et al. 
[34] did not report statistically significant correlations for 
the lumbar muscles. Furthermore, the changes in shear mod-
ulus of the upper trapezius did not correlate with the changes 
in muscle dynamic stiffness after eccentric exercise [28]. 
Lastly, Tantipoon et al. [49] found significant correlations 
between elasticity and dynamic stiffness for the flexor digi-
torum superficialis muscle at rest (r = 0.489) and 40% MVC 
(r = 0.479), but not at 60 and 80% of MVC. The authors 
pointed out that certain ultrasound systems face challenges 
in detecting shear waves in muscles with higher stiffness, 
particularly near maximal voluntary contraction levels. This 
limitation highlights the importance of carefully selecting 
the ultrasound system for such evaluations.

Studies focused on the lower leg muscles consistently 
indicate that both SWE and myotonometry are effective 
tools for evaluating muscle stiffness at rest and during con-
traction. Notably, the correlation between these methods 
appears to diminish during the ovulation phase. For other 
muscle groups, conclusive evidence regarding the correla-
tion between the two methods is still needed. Additionally, 
future investigations should prioritize identifying the most 
suitable ultrasound systems for SWE measurements, espe-
cially since some systems might struggle to detect shear 
waves in highly stiffened muscles.

Discussion

The relationship between SWE, myotonometry, and pas-
sive joint stiffness has been explored in various studies, 
yielding a mix of consistent and inconsistent results. 
SWE measures muscle stiffness and has shown a correla-
tion with passive joint stiffness, particularly in the triceps 
surae muscle and during ankle dorsiflexion. However, 
this correlation varies with joint position, age, and body 
mass normalization. Older adults and slack muscle posi-
tions show less correlation, underscoring the influence of 
aging and muscle length. Myotonometry, another tool for 
assessing muscle stiffness, has produced mixed outcomes 
in relation to passive joint stiffness. While it has shown 
potential in detecting intrinsic muscle stiffness and spas-
ticity in specific muscle groups, its applicability seems to 
vary across different anatomical regions and populations. 
Comparatively, studies have also investigated the relation-
ship between SWE and myotonometry, predominantly 
focusing on the lower leg muscles. Consistent correlations 
have been found between these two methods, especially at 
rest and during muscle contraction. However, the correla-
tion appears to diminish during the ovulation phase and 
in highly stiffened muscles, indicating the need for careful 
selection of ultrasound systems for SWE measurements. 



SN Comprehensive Clinical Medicine            (2024) 6:27  Page 5 of 9    27 

Overall, while these tools offer valuable insights into 
muscle stiffness and joint stiffness, the interplay between 
them is complex and influenced by various factors. Future 
research is essential to further unravel these dynamics 
across different muscle groups, joints, and populations, 
and to identify the most suitable tools and techniques for 
specific assessments.

When it comes to assessing muscle-specific stiffness, 
SWE and myotonometry stand out as prominent techniques, 
each with its unique approach and underlying principles. 
SWE measures the elasticity of tissues by generating shear 
waves within the muscle and then capturing the speed at 
which these waves travel [23, 24, 50]. The speed of shear 
waves is directly related to the stiffness of the tissue (i.e., 
faster waves indicate stiffer tissues). However, SWE is influ-
enced by the anisotropy of muscle tissue (how the muscle 
properties differ along the fibers compared to across them 
[51]). In myotonometry, the device administers a controlled 
tap to the muscle, instigating oscillations or vibrations. The 
speed at which the muscle returns to its resting state after 
this mechanical impulse provides a measure of its stiffness. 
The discrepancy between SWE and myotonometry may 
stem from several different factors. Notably, SWE typically 
involves an assessment of muscle stiffness in a broader 
region of interests [52], while myotonometry results reflect 
primarily the stiffness of the superficial portion of the mus-
cle. Despite this difference, promising results showing 
agreement between the two methods have emerged for lower 
limb muscles [33, 47]. Several factors should be consid-
ered when interpreting the agreement between the methods. 
For instance, skin and subcutaneous fat content and their 
mechanical properties may largely influence the validity of 
myotonometry [53]. That being said, a recent study indicated 
that SWE outcomes are also potentially influenced by sub-
cutaneous fat [54]. Additionally, the technique employed by 
the examiner, including the applied pressure on the probe or 
myotonometry device, could variably influence the stiffness 
outcomes in each method. In SWE, placing the probe in 
direct contact with the skin using minimal pressure results in 
optimal reliability [55]. In addition, clinicians must be aware 
of a large influence of muscle length on stiffness measure-
ment. Following the logic of length-tension relationship, a 
clear increase in shear modulus is observed as the muscle 
is passively lengthened [56]. Furthermore, measurement of 
shear modulus at different muscle lengths shows different 
sensitivity to muscle damage caused by eccentric exercise 
[57]—for instance, knee extensors showed no response in 
shear modulus after eccentric exercise if assessed at short 
muscle length (30° knee angle), while a large increase was 
when the assessment was done with the muscles stretched 
(110° knee angle) [58]. Therefore, great caution in needed 
to standardize muscle length during clinical assessment of 
muscle stiffness with SWE. Future studies are needed to 

explore the effect of the abovementioned factors on agree-
ment between SWE and myotonometry.

Passive joint stiffness measurements present an alter-
native avenue for inferring muscle stiffness. This method 
assesses the resistance of a joint to passive movement, 
capturing the combined stiffness of all tissues spanning 
the joint, including muscles, tendons, ligaments, and joint 
capsules [59]. While this approach provides a more holistic 
view of joint stiffness, elucidating the specific contributions 
of muscular versus non-muscular tissues presents a signifi-
cant challenge. The complexity of joint anatomy means that 
multiple tissues contribute to the overall stiffness measured, 
and isolating the muscle component is too complicated for 
everyday practice. Nevertheless, muscles play a crucial role 
in joint stiffness, with their passive and active properties 
influencing the joint's resistance to movement. It seems that 
muscular contributions to passive joint torque increase in the 
range of motion where muscles are stretched [40]. Therefore, 
end-range passive joint stiffness seems to be a good proxy 
measure for muscle stiffness. However, understanding the 
muscle-specific changes in stiffness in the context of over-
all joint stiffness is paramount for accurate assessment and 
effective intervention strategies (e.g., targeting a particular 
muscle within rehabilitation and athletic training settings). 
To illustrate, SWE studies have shown that different mus-
cles spanning the same joint and performing the same action 
show different responses to interventions such as eccentric 
exercise. For instance, biceps femoris, and semitendinosus 
but not semimembranosus stiffness was elevated after eccen-
tric exercise for hamstrings [35]. In their study, Green et al. 
[30] observed an immediate elevation in the shear modulus 
of the soleus following a 15-min session of backward walk-
ing. However, this change was not sustained, as the shear 
modulus returned to baseline levels 48 h post-exercise. On 
the other hand, the shear modulus of the gastrocnemius 
exhibited a different pattern. While there was only a mar-
ginal increase noted immediately after the exercise, a statisti-
cally significant rise in the shear modulus was documented 
at the 48-h mark following the activity. Further studies have 
even shown divergent responses to eccentric exercise within 
different regions of the same muscle [60]. Ultimately, inte-
grating insights from both passive joint stiffness measure-
ments and advanced imaging techniques like SWE is crucial 
for a comprehensive assessment of stiffness.

Practical Application

The variability in correlation between SWE, myotonome-
try, and passive joint stiffness measurements has significant 
practical implications for both clinical decision-making and 
research design. Clinicians must recognize that each method 
may yield different stiffness values for the same muscle or 
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joint. This can lead to variations in diagnosing conditions 
related to muscle stiffness and in formulating treatment 
plans. For instance, decisions regarding physiotherapy tech-
niques, exercise prescriptions, and monitoring of recovery 
progress could be influenced by the chosen assessment 
method. Given the variability, it becomes crucial to tailor 
the stiffness assessment method to the specific clinical sce-
nario. For example, SWE might be preferable in cases where 
deep muscle assessment is essential, while myotonometry 
could be more practical for routine monitoring of superficial 
muscle changes.

Researchers should carefully choose the stiffness assess-
ment method based on the study’s objectives. Studies aiming 
to compare muscle stiffness across populations or interven-
tions should consider using multiple methods to account for 
the variability in correlations. Researchers must be cautious 
when interpreting stiffness data, especially when comparing 
results across studies that use different methods. Acknowl-
edging the methodological variability is essential in drawing 
accurate conclusions.

The choice of method should align with the specific 
objective of the assessment. For instance, SWE could be 
more suitable for detailed biomechanical studies, while 
myotonometry might suffice for preliminary clinical assess-
ments. Factors such as age, muscle condition, and presence 
of pathology can influence the appropriateness of a method. 
SWE might be more sensitive in detecting subtle changes in 
muscle tissue properties, which could be crucial in elderly 
or pathological populations. The availability of resources, 
including equipment and technical expertise, can also dictate 
the choice of method. SWE requires specialized equipment 
and trained personnel, while myotonometry is more acces-
sible and easier to use.

In summary, understanding the variability in correlations 
between different muscle stiffness assessment methodologies 
is crucial for informed clinical and research decisions. This 
understanding guides the selection of the most appropriate 
method, ensuring accurate assessment, diagnosis, and inter-
vention in clinical settings, and robust design and interpreta-
tion in research studies.

Conclusion

In summarizing this short review, it becomes evident that 
the measurement of muscle stiffness necessitates a careful 
approach. SWE, myotonometry, and passive joint stiffness 
measurements each offer unique insights, yet they are not 
without their distinct challenges and limitations. The key 
takeaways of the paper are as follows: (1) SWE provides a 

robust quantification of tissue elasticity, yet is susceptible 
to the anisotropic nature of muscle tissue and the influ-
ence of subcutaneous fat; (2) Myotonometry, though user-
friendly and less expensive, primarily reflects the stiffness 
of superficial muscle regions and can be affected by skin 
and subcutaneous tissue properties; (3) Passive joint stiff-
ness measurements, while offering a more comprehensive 
view of joint resistance, fail to isolate muscular contribu-
tions from other tissues; and (4) the discrepancies among 
these methods highlighted in this review emphasize the 
necessity for careful selection and interpretation of meas-
urement techniques.

Future research should focus on refining these meth-
odologies, exploring their applicability across diverse 
populations and settings, and striving for a standardized 
approach to enhance the reliability and validity of mus-
cle stiffness assessment. Such efforts will not only expand 
the current body of knowledge but also pave the way for 
technological innovations in the biomedical engineering 
landscape. When selecting a method for clinical muscle 
stiffness assessment, consider the specific context and the 
muscle or joint of interest. SWE is recommended for a 
detailed analysis of muscle tissue properties, particularly 
in cases where deep muscle assessment is crucial. Myoto-
nometry is suitable for quick assessments and monitoring 
superficial muscle changes, especially in rehabilitation set-
tings. Passive joint stiffness measurements are ideal for a 
holistic assessment of joint health, particularly in condi-
tions affecting multiple joint structures.
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