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Abstract

There is a lack of consensus on the effects of vibration therapy on bone outcome measures. Vibration 
is a mechanical stimulus and can produce mechanical loading on bone. Similar to site-specific effects of 
mechanical loading on bone, vibration therapy can also produce site-specific effects. Notably, skeletal 
effects of vibration therapy could depend on the degree of vibration signal that is received by respective 
skeletal sites. Thus, vibration transmissibility can dictate, in part, effects of vibration therapy on bone 
outcome measures. Factors at various levels such as the type of vibration, type of population receiving 
vibration, and their interaction could affect vibration transmission. In addition, vibration amplitude, 
vibration frequency, joint position, body posture, resonance frequency of skeletal sites, tissue composition 
of human body including bone geometry can affect vibration transmission across the human body. The 
main aim of this review is to summarize the published evidence of various factors that affect vibration 
transmission which will help to inform future evidence based vibration therapy protocols for skeletal 
rehabilitation in various populations. 
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Introduction1

There is evidence that vibration has anabolic potential 
for bone in various populations (Gilsanz et al., 2006; 
Reyes, Hernández, Holmgren, Sanhueza, & Escobar, 2011; 
Rubin et al., 2004; Ward et al., 2004; Wren et al., 2011). 
With the knowledge that lower levels of physical activity 
are seen in children with movement disorders (Carlon, 
Taylor, Dodd, & Shields, 2013; Mitchell, Ziviani, & Boyd, 
2015) which can lead to underdeveloped bone, and that 
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lack of physical activity is associated with deficits in bone 
density across childhood to adulthood (Koedijk et al., 
2017), nonpharmacologic treatments that could attenuate 
adverse effects of reduced physical activity are clinically 
important. Recently, high-frequency, low-intensity vibration 
(HLV), which is any vibration with a frequency in the 
range of 30-100 Hz and an intensity of less than 1 g, 
(where g is the earth’s gravitational field), has been shown 
to have anabolic potential on bone in various clinical 
subpopulations including clinical populations such as 
children with cerebral palsy (CP) (Ward et al., 2004; Wren 
et al., 2011).

In a seminal research study, trabecular bone density, 
trabecular bone volume and trabecular bone number were 
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found to be ~30-45% greater in HLV-treated sheep 
compared to controls  (Rubin, Turner, Bain, Mallinckrodt, 
& McLeod, 2001). However, clinical trials of vibration 
effects on skeletal parameters have been mixed. 
Furthermore, a clinical trial in children with CP showed 
beneficial effects of HLV on trabecular volumetric bone 
mineral density (BMD) at the tibia in response to a daily 
standing on an HLV platform (Ward et al., 2004). Positive 
effects of HLV on bone has been reported in 
postmenopausal women (Rubin et al., 2004), young women 
(Gilsanz et al., 2006), and children with various motor 
disabilities (Reyes et al., 2011) suggesting HLV is anabolic 
to bone in various populations. However, there is some 
evidence that HLV may not be an effective intervention 
for increasing bone related outcome measures (Leung et 
al., 2014; Slatkovska et al., 2011) or HLV may produce 
inconsistent effects across different skeletal sites (Lam et 
al., 2013). A randomized clinical trial found no 
improvements in trabecular volumetric BMD or femoral 
neck, lumbar spine, or the total hip BMD in osteopenic 
postmenopausal women although adherence to HLV was 
poor in this study (Slatkovska et al., 2011).  

Notably, the exact mechanism by which HLV acts on 
bone is unclear. Current evidence suggests that mechanical 
loading at cellular level (Schlueter et al., 2006), stochastic 
resonance (Tanaka, Alam, & Turner, 2003), decreased 
osteoclast activity (Xie et al., 2006),and increased bone 
formation rate (Oxlund, Ørtoft, Andreassen, & Oxlund, 
2003) could dictate, in part, effects of HLV on bone. 
Although mechanical loading has site-specific influence on 
bone with greatest effects at the site that experiences the 
most load (Haapasalo et al., 1998; Kannus, 1995), it is not 
clear if the anabolic effects of HLV are site-specific.  
Based on Frost’s mechanostat model (Frost, 2003), it can 
be postulated that adaptation of bone to HLV may be 
related to the degree of vibration transmission to a specific 
site. Therefore, it is important to understand the factors 
which could affect vibration transmission to skeleton, 
specifically during standing which is the most common 
posture in which the vibration intervention is performed.  

Factors affecting vibration transmission in standing can 

be grouped in three categories: 1) source vibration 
acceleration, 2) the human body, and 3) the interaction 
between human body and vibration acceleration source 
(Harazin & Grzesik, 1998). The main aim of this review 
is to provide a mechanistic framework to understand 
various factors that interplay to affect vibration 
transmission during standing.

Interaction of posture, joint
position, vibration amplitude, and

vibration frequency affects
vibration transmission

Body posture is one of the critical factors affecting 
vibration transmission during standing (Harazin & Grzesik, 
1998) and different joint positions lead to different 
postures. In addition, different postures can impact the 1) 
position of the bony site receiving vibration acceleration, 
2) level of muscular tension or intramuscular pressure in 
different muscle groups, and 3) contact area of feet with 
the accelerating source. Additionally, different postures can 
influence local site-specific resonance, which is the 
tendency of a system to vibrate at a greater amplitude at 
some specific frequencies or a range of frequencies, at a 
higher frequency leading to a variable response in 
vibration transmission in unique frequency bands (Griffin 
& Matsumoto, 1998; Harazin & Grzesik, 1998; Zhao, 
Dodge, Nemani, & Yokota, 2014).   

Although, vibration transmission in seated position has 
been established (Paddan & Griffin, 1998) not much is 
known about vibration transmission in standing position, 
especially with respect to HLV transmission, at different 
skeletal sites. Most of the earlier work investigated 
vibration transmission to the head (Paddan & Griffin, 
1998) in the standing position. Garg et al. (Garg & Ross, 
1976) measured vibration acceleration transmissibility to 
the head in the frequency range of 1 - 50 Hz. and 0.003 
- 0.02 mm in amplitude. In this study, 12 healthy adult 
subjects (average age 23.42 years) were tested and 
individual plots were obtained for each subject. Resonance 
peaks around 2, 6, 20, and 40 Hz were noted in all 12 
plots. Garg and Ross (Garg & Ross, 1976) inferred that the 
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effective mass of the body on specific skeletal sites could 
play a critical role in dictating resonance frequency of 
respective skeletal sites. 

An interaction between posture and vibration magnitude 
was reported in a study by Matsumoto et al (Griffin & 
Matsumoto, 1998). Their study investigated vibration 
transmission at various sites such as T1, T8, L4 spines, iliac 
crest, and knee (i.e., patella) in 12 healthy adult males (age 
range: 24 - 35 years) in response to vibration acceleration 
over a frequency range of 0.5 - 30 Hz and an amplitude of 
0.125 - 2 m/s2 root mean square (0.017 - 0.2 g). 
Accelerometers were used to measure vibration transmission 
in various postures - normal standing, legs bent, and 
standing on one leg. In this study, the researchers reported 
an amplification of vibration acceleration at the knee at 
frequencies greater than 10 Hz in the normal standing 
posture and at greater than 15 Hz in legs bent posture, 
whereas, attenuation was noted with one leg standing 
posture at frequencies less than 20 Hz. Additionally, vertical 
transmission to the knee (i.e., patella) increased with  
increasing frequency and increasing magnitude (p < 0.05). 
The findings from this study implied that the human body 
responds dynamically to the vibration acceleration stimulus 
and that vibration transmission can be affected by 
interaction between joint position, body posture, and 
vibration parameters such as amplitude and frequency. 

Harazin et al. (Harazin & Grzesik, 1998) examined the 
dissemination of vertical vibration transmission (4m/s2 
r.m.s or 0.4g and 4 - 300 Hz) to different parts of the 
body in various postures in college-aged population (n = 
10; mean age = 23.1 years). They measured vibration 
transmission by accelerometer at various skeletal sites such 
as medial malleolus (ankle), lateral epicondyle (knee), iliac 
crest (hip), metatarsus (foot) and acromion process 
(shoulder). The transmissibility curve at the medial 
malleolus showed resonance at three bands: 4 - 8, 12.5, 
and 25 - 63 Hz. It was shown that around 31.5 Hz, 
transmissibility at the ankle was more than the unity for all 
postures except standing on toes posture. On the other 
hand, resonance at two bands: 4 - 8 and 12.5 - 25 Hz were 
noted at the lateral epicondyle. Also, the lateral epicondyle 

displayed transmissibility near unity at 31.5 Hz in step 
standing posture. At frequencies above 31.5 Hz, the lateral 
epicondyle demonstrated an attenuated vibration 
transmission in all postures. It should be noted that they 
reported inter-subject variations in transmissibility to be as 
high as 6:1 for the vibration transmission from the 
vibrating source to the ankle and the hip. Also, a set of ten 
transfer functions corresponding to 10 postures was 
obtained by Harazin et al (Harazin & Grzesik, 1998) and 
was used for correction of measure of transmission. 
Importantly, it has been shown by Kim et al. (Kim, 
Voloshin, Johnson, & Simkin, 1993) that without transfer 
functions, skin mounted accelerometer can overvalue the 
actual peak vibration acceleration by 10 – 15%.

Kiiski et al. (Kiiski, Heinonen, Järvinen, Kannus, & 
Sievänen, 2008) examined vibration transmissibility in 
healthy male participants (n = 4; age = 24 - 47 years) over 
a wide range of vibration amplitude (0.04 g - 19 g) and 
frequencies (10 - 90 Hz) using skin mounted accelerometers 
(20 grams) at the ankle (medial malleolus) and knee (tibial 
tuberosity). Every participant in their study reported 
discomfort between 20 - 25 Hz frequency at amplitude of 
0.5 mm or greater (i.e., 0.8 and 7.5 g). Sizeable 
amplification of peak vibration acceleration between 10 - 
40 Hz and 10 - 25 Hz was observed at the ankle and knee, 
respectively. Also, waveforms emitted by the vibrating 
platform appeared distorted and lost their sinusoidal 
character with higher magnitude vibration acceleration. 
Thus, not only the vibration amplitude but also the weight 
of accelerometers which would affect the accelerometers 
inertia to move and propagate vibration, comfort of patient, 
and the degree of tightness of attachment of the 
accelerometer to the skin at respective bony sites can also 
affect vibration transmission.

To our knowledge, only two studies (Bressel, Smith, & 
Branscomb, 2010; Singh et al., 2017) have examined 
vibration transmission in children. Bressel et al. (Bressel et 
al., 2010) investigated the nature of vibration transmission 
in typically developing children (n = 11) versus adults (n 
= 10). Motion analysis system was used to measure 
vibration transmission when subjects stood on the vibrating 
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platform (28/33/42 Hz). Although, transmissibility at the 
head was not different between children and adults (p = 
0.92), transmissibility in children was 42% and 62% 
greater than adults for the ankle (lateral malleolus) and the 
hip (anterior superior iliac spine) (p = 0.03), respectively. 
It was noted that vibration accelerations at all the sites 
increased with frequency and magnitude. At the ankle, 
transmissibility was found to be two times higher than the 
vibration acceleration at the platform. However, at the 
knee (tibial tuberosity), vibration acceleration was 
attenuated in children at all the frequencies. A novel 
finding of this study was amplified values of vibration 
acceleration at 33 Hz setting which was higher than 28 Hz. 
Researchers credited this amplification of vibration 
transmission at the distal tibia to the resonance frequency 
of the distal tibia which is ~30 Hz. Similar to the findings 
of this study, Singh et al. (Singh et al., 2017) reported an 
amplified signal transmission at the ankle (medial 
malleolus) than at the platform in typically developing 
children and children with CP. However, HLV signal at 
the knee (lateral condyle) attenuated in children with 
cerebral palsy but remained amplified in typically 
developing children. One of the reasons why the HLV 
signal showed amplification (Singh et al., 2017) versus 
attenuation (Bressel et al., 2010) at the knee could be due 
to the site selection. Singh et al. (Singh et al., 2017) 
measured vibration transmission at the knee at the lateral 
femoral condyle while Bressel et al. (Bressel et al., 2010) 
used lateral tibial tuberosity to measure vibration 
transmission at the knee.  Different tissue composition of 
the bone along its length and the fact that resonance 
frequency is altered along the length of bone (Zhao et al., 
2014) may have contributed to these results. Singh et al. 
(Singh et al., 2017) also reported an inverse relationship 
between the level of spasticity of lower leg muscles and 
vibration transmission at the knee. Spasticity may affect 
the standing posture which, in turn, may affect vibration 
transmission.

It should be noted that human body responds 
dynamically to any external stimulus. Also, the 
physiological response to any external stimulus usually is 

non-linear. Mansfield et al. (Mansfield & Griffin, 2000) 
showed that human body exhibits a non-linear biodynamic 
response to vertical vibration. In their study, 12 subjects 
were exposed to vibration stimulus [0.25 (0.03g) - 2.5 
(0.26g) ms-2] in the frequency range of 0.2 - 20 Hz in a 
seated position. Vibration transmission was measured at the 
upper and lower abdominal wall, L3 spine, posterior 
superior iliac spine and iliac crest. Resonance frequency 
for the apparent mass decreased with increased vibration 
magnitude in all the subjects and apparent mass 
non-linearities were displayed in the frequency range of 3 
- 16 Hz. Furthermore, frequency of the first resonance 
decreased with increase in vibration magnitude and the 
shape of graphs depicting vertical transmission from seat to 
the spine and pelvis showed a general non-linear response. 
A non-linear response could be related to the unique 
geometrical shape of the human skeletal system where 
bony segments are non-linear in shape which may dictate, 
in part, a non-linear response to vibration transmission.

An interesting study (Prinz, 1997) showed the 
importance of joint position in vibration transmission in a 
temporomandibular joint. In this study (Prinz, 1997), the 
relative orientation of two contributing bones that 
constitute a joint was found to affect vibration 
transmission. Furthermore, ligaments which bind one bone 
to another bone also changed their length with different 
joint positions such as open (when the ligaments became 
tight) versus closed jaw (when the ligaments became slack) 
which might have contributed to different patterns of 
vibration transmission with different positions (high 
vibration transmission with the tight ligaments and lower 
vibration transmission with slack ligaments). Since the 
ankle and the knee joint can be considered hinge joints 
(Scott & Winter, 1991) similar to the temporomandibular 
join, it can be postulated that joint position can play an 
important role in HLV transmission in these populations.

Technical factors affecting
vibration transmission

There are two main techniques of measuring vibration 
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transmission: invasive (i.e., bone mounted accelerometer), 
and non-invasive (i.e. skin-mounted accelerometer). Bone 
mounted accelerometers are considered the ideal technique 
to assess vibration transmission. Previous study has used 
accelerometers attached to a pin which was glued to the 
bone of interest (Rubin et al., 2003) however, skin 
mounted accelerometers have also been shown to yield 
reasonable estimates of vibration transmission (Harazin & 
Grzesik, 1998; Kiiski et al., 2008; Kim et al., 1993). A 
loss of vibration signal at high frequency component (> 
110 Hz) with skin mounted accelerometers compared to 
bone mounted accelerometers has been reported before 
(Kim et al., 1993). In addition, between 15 - 30 Hz 
frequency spectrum, without the transfer-function correction, 
skin mounted accelerometer can overestimate the bone 
mounted accelerometer values by ~12% (Kim et al., 1993). 
However, it should be noted that the nature of vibration 
assessed in the study by Kim et al. (Kim et al., 1993) was 
not sinusoidal; rather it was an impact force. Previous 
studies (Harazin & Grzesik, 1998; Rubin et al., 2003; 
Singh et al., 2017) have utilized skin mounted 
accelerometers of various masses, which in turn could alter 
propagation of vibration transmission. While a previous 
study used the transfer function correction (Harazin & 
Grzesik, 1998) to estimate precise vibration transmission 
via skin-mounted accelerometers; another study (Kiiski et 
al., 2008) failed to do so. Interestingly, the findings of 
these studies were similar with respect to transmissibility at 
various skeletal sites such as the tibial tuberosity and the 
medial/lateral malleolus, suggesting a wider application of 
skin mounted accelerometers in research settings is 
acceptable. In support of this observation, Singh et al. 
(Singh et al., 2017) reported same pattern of vibration 
transmission with and without the transfer function 
correction.

Tissue composition, shape of bone,
and vibration transmission

It is plausible that tissue composition could play a 
critical role in the vibration transmission. It is known that 

resonance can lead to amplification of the signals when the 
signal frequency is close to the natural frequency of the 
tissue. On the other hand, tissues such as fat, muscle and 
bone can act as low pass filters to dampen the vibration 
acceleration signal (Wakeling & Nigg, 2001). Notably, 
tissue composition could be postulated to affect vibration 
transmission in a site-specific pattern during standing 
posture. This is not entirely unexpected because factors 
that could affect vibration transmission such as muscle, 
adiposity, and other soft tissues such as ligament are not 
present in appreciable amount between ankle, foot and the 
source of vibration. It is only at the sites above the 
medial/lateral malleolus that the effect of soft tissues on 
vibration transmission can be postulated to alter the 
vibration transmission to any measurable degree..

Previous studies (Dodge et al., 2012; Wakeling & Nigg, 
2001) have emphasized the role of muscles in damping of 
the vibration acceleration signals. Wakeling et al. 
(Wakeling & Nigg, 2001) determined the role of muscle 
length, muscle contraction velocity, and muscle force 
production in damping the vibration signals. Accelerometers 
(15.9 grams) were used to measure vibration acceleration at 
various muscles, such as gastrocnemius, tibialis anterior, 
and vastus lateralis in 14 young adults (male = 7, female 
= 7). Isometric muscle torques, joint angle and joint 
angular velocity were recorded by a Biodex apparatus. 
Vibration stimulus was provided to muscle during each 
contraction by a strike with a wooden mallet. Increased 
damping was observed with an increase in torque for any 
angle and increasing joint power for all directions (x, y, 
and z). Results from this study suggested that the damping 
coefficient of the oscillations increased with increased 
muscular force production. An activated muscle generates 
tension which in turn depends on the number of recruited 
motor units eventually resulting in the generation of 
intermuscular pressure. Additionally, fascia can also 
contribute toward the enhancement of intermuscular 
pressure. An individual difference in muscle geometry, 
muscle-tendon compliance andthe pattern of recruitment 
between motor units can affect intramuscular pressure 
which in turn can affect vibration propagation.
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Reduced number of motor units (Marciniak, Li, & 
Zhou, 2015) and reduced motor unit recruitment (Xu, Mai, 
He, Yan, & Chen, 2015) in the affected versus the 
unaffected side in children with CP can adversely affect 
the capacity of muscle to dampen the vibration stimulus. 
It can be postulated that an interplay of various factors 
such as muscle mass, muscle quality, neuromuscular 
feedback, adiposity, and blood pressure could be the 
driving force in determining intermuscular pressure, the 
level of which can affect damping of vibration 
accelerations. Wakeling et al. (Wakeling & Nigg, 2001) 
also showed that damping coefficient depends on absolute 
mass of soft tissue such as muscle. An increased muscle 
mass was found to decrease the damping coefficient. 
Additionally, an independent effect of joint angle was 
reported on damping of vibration acceleration signals. An 
increased damping coefficient was reported with an 
increased muscle contraction velocity. Currently, the 
response of muscle tuning to HLV transmission remains 
unknown. It can be postulated that factors such as adipose 
tissue infiltration of muscle, muscle length, and 
musculo-tendinous compliance could affect muscle 
contraction velocity and thus, could interact with other 
factors affecting vibration transmission. However, this 
postulation remains to be investigated.

Inaddition to muscle, the collagen content of bone can 
be a critical factor that can affect vibration transmission. In 
one of the seminal studies, the collagen content of the 
femur bone was estimated across different species, such as 
ox, guinea pig, and human (Jee, 1983). The study utilized 
samples of freshly excised bones from oxen and guinea 
pigs, while in humans, bone samples were taken from the 
mid-femur from children and adults across a 
wide-spectrum of age after autopsies (9 months to 90 
years). The collagen content was found to be ~90% - 95% 
of the total organic matrix across different species. 
Mineralization was found to increase with age in humans. 
Since collagen provides the ductility and ability to absorb 
external energy/shock, its role in HLV transmission could 
be critical.

In a study (Dequeker & Merlevede, 1971) done on 

human trabecular bone authors provided evidence of 
increasing collagen content with increasing age, increasing 
porosity, and decreasing bone mass. Authors studied the 
collagen content in trabecular bone from the iliac crest that 
was obtained after autopsy in the age range of 23-83 years. 
The organic matrix represented 28% by weight of the 
fat-free dry bone, and collagen 23%. Thus, the collagen 
content constituted 80% of the organic matrix. A tendency 
of increased collagen content was noted in the more 
porotic samples. A significant amount of collagen becomes 
insoluble with increasing age and increasing porosity was 
a novel finding of this study. A change in the nature of 
collagen cross-links can be hypothesized to affect vibration 
transmission. These findings can be related to a work by 
Currey et al. (Currey, 1979) where the authors found a 
decrease in impact absorption energy by more than 
three-fold between the ages of three and ninety. 
Furthermore, mineralization was higher in older bone. 
Interestingly, higher porosity in young bones did not 
materially affect its energy absorption but the higher 
porosity of older bones produced a deleterious effect on 
impact energy absorption.

Shape and mineral distribution of bone can also be a 
critical factor affecting vibration transmission. A recent 
study (Campoli et al., 2014) based on finite element 
modeling reported that shape and mineral distribution in 
human femur can induce large variations in the calculated 
natural frequency/resonance frequency. Twenty-two 
different modes of femoral shape were created to describe 
95% of the variance in the femoral appearance.  In this 
study (Campoli et al., 2014), changing the femoral shape 
from the mean shape by up to three standard deviations 
led to 7-16% variation in the natural frequencies of the 
vibration. Overall, natural frequencies varied between 25 
–38% from their mean values for all the modes that were 
tested. This implies that vibration of a bone to induce its 
maximum apposition by choosing a specific frequency as a 
resonance frequency as suggested by Zhao et al. (Zhao et 
al., 2014) is not recommended.

Patient-specificity with respect to body composition can 
likely play a critical role in imparting resonance frequency 
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Figure 1: Factors affecting vibration transmission 

to the femur. A recent study by Dodge et al. (Dodge et al., 
2012) examined damping capacity of bone, joint tissue, 
muscle, and skin in the lower hind limb of mice (n = 25) 
in response to a 5 N peak–to–peak force applied at 0.5 Hz 
increments from 1-20 Hz. Two damping parameters (i.e., 
phase shift angle and dissipative energy) were determined 
in 5 different samples: 1) intact lower hind limb, 2) limb 
without the skin, 3) limb without the skin and foot, 4) the 
tibia and the fibula alone without an intact joint at either 
end or 5) muscle removed. A significant difference was 
noted in phase shift angle and dissipative energy in sample 
4 and 5 than the others (p < 0.001). Data from their study 
showed that muscle, bone, and knee joint were the largest 
contributors to the energy loss in response to axial loading 
while skin had no effect on damping at any the 
frequencies. Interestingly, normal bone curvature enhanced 
the damping capacity of bone by 40%. The findings from 
this study suggested that the bone curvature, the bone’s 
damping capacity, and the muscle surrounding the bone are 
the biggest contributors to the external mechanical 

damping. However, the researchers did not investigate the 
effect of leg adiposity on mechanical damping.

Recently, Zhao et al. (Zhao et al., 2014)  showed that 
Young’s modulus can affect the resonance frequency of a 
skeletal site suggesting factors such as age, gender, and 
bone structure could modulate a skeletal site’s response to 
loading at specific frequencies. The study by Zhao et al. 
(Zhao et al., 2014) also suggested that an enhanced 
quality of trabecular bone microarchitecture will be related 
with better vibration transmission and vice versa 
suggesting an important role of bone quality in the 
vibration transmission. Interestingly, bones in children 
have low Young’s modulus and yet absorb more energy 
before sustaining facture. To our knowledge, no one has 
looked at the role of adiposity, muscle volume, and 
trabecular bone microarchitecture in vibration transmission 
in children with CP. also, with the knowledge that 
children with CP show an infiltration of adipose tissue in 
the muscles of their lower extremity, and have 
underdeveloped trabecular bonemicroarchitecture, it 
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becomes pertinent to know how tissue composition can 
affect HLV transmission, and if that affects the adaptation 
of bone to HLV transmission.

Conclusion

Overall, previous evidence indicates that vibration 
transmission across skeletal sites in humans depend on 
various factors such as age, geometry of bone, skeletal site, 
soft tissue surrounding bone, joint position, body posture, 
vibration amplitude, vibration frequency, and type of 
accelerometer used to assess vibration transmission as 
shown in Figure 1. These factors may be related to 
inconsistent effects being reported in previous literature on 
effects of vibration on skeletal parameters. Studies focusing 
on effects of vibration transmission on skeletal parameters 
should report the degree of transmission at respective 
skeletal sites and should be cautious while inferring the 
quantity of vibration transmitted at respective skeletal sites.
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