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Quantification of muscle tone by using shear ==

wave velocity during an anaesthetic induction:
a prospective observational study

Hidehisa Saito", Shigekazu Sugino', Shoichiro Moteki', Akihiro Kanaya' and Masanori Yamauchi'

Abstract

Objectives The quantitative assessment of muscle stiffness or weakness is essential for medical care. Shear wave
elastography is non-invasive ultrasound method and provides quantitative information on the elasticity of soft tissue.
However, the universal velocity scale for quantification has not been developed. The aim of the study is to determine
the shear wave velocities of abdominal muscle during anesthetic induction and to identify methods to cancel the
effects of confounders for future development in the quantitative assessment of muscle tone using the universal
scale.

Methods We enrolled 75 adult patients undergoing elective surgery with ASA-PS | - Il in the period between December
2018 and March 2021. We measured and calculated the shear wave velocity (SWV) before and after opioid administra-
tion (i.e, the baseline at rest and opioid-induced rigidity condition), and after muscle relaxant administration (i.e,, zero
reference condition). The SWV value was adjusted for the subcutaneous fat thickness by our proposed corrections.

The SWVs after the adjustment were compared among the values in baseline, rigidity, and relaxation using one-way
repeated-measures ANOVA and post hoc Tukey—Kramer test. A p-value of < 0.05 was considered to be statistically
significant. UMIN Clinical Trials Registry identifier UMIN000034692, registered on October 30, 2018.

Results The SWVs in the baseline, opioid-induced rigidity, and muscle relaxation conditions after the adjustment
were 2.08+0.48,2.41+0.60,and 1.79+0.30 m/s, respectively (p <0.001 at all comparisons).

Conclusion The present study suggested that the SWV as reference was 1.79 m/s and that the SWVs at rest and
opioid-induced rigidity were ~10% and ~ 30% increase from the reference, respectively. The SWV adjusted for the
subcutaneous fat thickness may be scale points for the assessment of muscle tone.
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Introduction

Assessing muscle stiffness is essential for medical care.
Over-exercise or poor posture causes chronic muscle
tightness and affects daily activities and quality of life [1].
In orthopedic and rehabilitation medicine, sprains and
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while, muscle weakness is also observed in medical care.
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Neuromuscular disorders, hypothyroidism, or electrolyte
imbalances produce muscle weakness [4—6]. In inten-
sive care, ICU-acquired weakness after mechanical ven-
tilation in the long duration is the strong risk factor for
death [7]. Physicians need the quantitative determination
of muscle stiffness or weakness for patients.

Shear wave elastography is a non-invasive ultrasound
method and provides quantitative information on the
elasticity of soft tissue [8]. This method uses an acous-
tic pulse to produce shear waves, propagating perpen-
dicularly to the muscle. Previous research reported the
linear relationship between shear wave velocity and mus-
cle stiffness [9]. The faster velocity reflects the increased
muscle tone [10]. However, the universal velocity scale
for quantitative assessment by healthcare providers has
not been developed.

In the current study, we prepared two situations: iat-
rogenic muscle rigidity and complete muscle relaxation.
The iatrogenic rigidity was produced by the adminis-
tration of opioids. It is called opioid-induced lead-pipe
rigidity during an anesthetic induction for surgery [11].
Also, completely relaxing muscle is produced by the
administration of muscle relaxant during an anesthetic
induction. The aim of the study is to determine the shear
wave velocities in these situations and to identify meth-
ods to cancel the effects of confounders for the future
development in the quantitative assessment of muscle
tone by the universal scale. This article was prepared fol-
lowing the STROBE statement [12].

Materials and methods

Clinical trial registration

This single-center clinical trial was approved by the Insti-
tutional Review Board of Tohoku University Hospital
(approval no. 2018-1-566, October 31, 2018) and reg-
istered prior to patient enrolment in the UMIN Clinical
Trial Registry (UMIN-CTR, identifier: UMIN000034692,
October 30, 2018).

Participants

We conducted a prospective cohort study. We screened
patients for study eligibility if they were adult (> 20 years
of age) patients with ASA physical status classification
of I — III, who were scheduled for elective surgery under
general anesthesia at the Tohoku University Hospital
from December 2018 to March 2021. Patients with neu-
romuscular disease or allergy to neuromuscular relaxant
were excluded. Written informed consent was acquired
from all patients before study participation. Information
regarding pre-existing medical history, age, sex, height,
weight, ASA physical status classification, and type of
surgery, was collected from electronic medical record
system.
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Experimental protocol in induction of general anesthesia
All patients were in the supine position on an operat-
ing table. We added four treatments every 5 min for
general anesthesia induction. First, 6 L/min of oxygen
was administered to the patient via a face-mask. Sec-
ond, at 5 min after the start of preoxygenation, 0.5 mg/
kg/min of remifentanil was administered intravenously.
Third, at 5 min after the start of remifentanil adminis-
tration, general anesthesia was induced by 0.5 — 2 mg/
kg of propofol, followed by 3—6 mg/kg/hrs continuous
infusion, or 1-2% sevoflurane, or 3% desflurane. Mus-
cle relaxant (0.8 mg/kg of rocuronium bromide) was
administered intravenously to abolish muscle tone.
Finally, at 5 min after anesthetic induction, the airway
was secured by endotracheal intubation, and positive
mechanical ventilation was performed in all patients.
Muscle tone was evaluated at three time points: 1) oxy-
gen alone before remifentanil administration (base-
line), 2) remifentanil administration before anesthetic
induction (opioid-induced rigidity), 3) after anesthetic
induction (complete muscle relaxation). The primary
endpoint was muscle tone in the complete muscle
relaxation. The secondary endpoint was the tone in the
opioid-induced rigidity.

Ultrasound examination for evaluation in muscle tone

A diagnostic ultrasound system (Acuson S3000, Sie-
mens Medical Solutions USA, Inc., Malvern, PA, USA)
with a linear array transducer (9L4, 4 — 9 MHz, Sie-
mens) was used to evaluate the muscle tone. An exam-
iner scanned the abdominal rectus muscle near the
umbilicus, and obtained B-mode images at the hori-
zontal axis. Next, the examiner used Virtual Touch
Imaging mode to visualize the muscle tone of the
abdominal rectus muscle. And then, the examiner
applied Virtual Touch Imaging Quantification mode
for shear wave elastography. Three regions of interest
were determined in the image. Velocity value, which
reflects the muscle elasticity, was measured in each
region by using shear wave elastography. At the lon-
gitudinal axis, the three values of the velocities were
measured again. Average of the velocity values in six
regions was used to calculate the shear wave veloc-
ity (SWV). All measurements were performed by a
single examiner, a board-certified anaesthesiologist,
who practiced on 13 volunteers before the study com-
menced. The ultrasound image was saved as in JPEG
format to prepare for later verification. In this digital
image, subcutaneous fat thickness was measured in the
same six areas was in the image in which the velocity
values were measured. We used the mean of six values
of thicknesses in subsequent analysis.
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Statistical analysis

Numerical data are represented as means+S.D. A
one-way repeated measures ANOVA followed by
Tukey—Kramer multiple comparison test were used
to compare the SWVs among three time points in the
patients. Factors considered potential confounders
were age, sex, and body mass index [13]. Factors con-
sidered potential effect modifiers were surgical proce-
dure and use of inhalational or intravenous anesthesia.
We also applied multiple linear regression analysis
with the threshold p-value set to 0.2 to potential fac-
tors: age, sex, body mass index, surgical procedure,
use of inhalational or intravenous anesthesia. Signifi-
cant factors were evaluated in subsequent single linear
regression models to verify the hypothesis and to per-
form sensitivity analysis using the other factor (see the
Results section). Formulae to correct for the effects of
confounders were built on the results of linear regres-
sion analyses (see the Results section). All analyses
were performed using statistical software (JMP Pro
Version 15 for Windows, SAS Institute Inc., Cary, NC,
USA). P value was considered statistically significant
at<0.05. The theoretical sample size needed for this
study was designed to have a power of 1-f:>0.9 to
detect a difference in one-way ANOVA based upon the
effect of a 25% change in a standard deviation (0.5 m/s)
of SWVs (a<0.05). Consequently, the sample size was
calculated to be 207 measurements (3 groups / 207
measurements = 69 patients).

Results

Opioid-induced rigidity increased the abdominal muscle
tone and complete muscle relaxation decreased the tone
Seventy-five patients were included in the study.
Table 1 summarized the demographics of the patients.
Figure 1 showed the chronological changes in the
SWVs. At the baseline, the SWV was 1.91+0.51 m/s.
At the opioid-induce rigidity, the SWV was
2.24 +0.65 m/s, and it was faster than that at the base-
line (p=0.0005). At the complete muscle relaxation,
the SWV was 1.61+0.38 m/s, and it was slower than
that at the baseline (p =0.0014).

Significant factors affecting the muscle tone were sex

and body mass index

To estimate the effects of the coefficients on the SWV
and to interrupt selection bias, we used three multiple
regression models in each time point (Table 2). Female
sex was independent factors in decreasing the SWVs in
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Table 1 Characteristics of the patients
Data
Total number 75
Age (years) 60+16
Sex
Male 29 (39%)
Female 46 (61%)
Body mass index 24+4
ASA-PS
1 7 (9%)
2 50 (67%)
3 18 (24%)
Type of surgery
Abdominal 57 (76%)
Non-abdominal 18 (24%)
Anesthesia
Inhalational 32 (43%)
Intravenous 43 (57%)

Data was presented in mean *standard deviation or numbers (percentage)

the both opioid-induced rigidity and complete muscle
relaxation. In addition, higher body mass index was
independent factors in decreasing the SWVs in the
baseline, opioid-induced rigidity and complete muscle
relaxation.

The adjustment for subcutaneous fat thickness reduces
individual differences in shear wave velocity

As described above, we found female sex and high body
mass index as the significant factors that reduce the
SWVs, so we examined whether subcutaneous fat thick-
ness was an alternative potential factor. we constructed
a single linear regression model between subcutane-
ous fat thickness and the SWVs in each sex subpopu-
lation. Figure 2 showed the six models in three-time
points. The calculated three y-intercepts in the female
were lower than those in the male. The calculated three
slopes (i.e., reduction effect of increasing thickness on
the SWVs) in the male were higher than those in the
female. In the male patients, the reduction effect of
increasing thickness on the SWVs was similar among
baseline, opioid-induced rigidity, and complete muscle
relaxation. In the female patients, the reduction effect
was also similar.

In our model of the complete muscle relaxation, if
we standardize on being male, having a subcutaneous
fat thickness of 1.0 cm, which is average in adult male
Japanese [13], the predicted SWV was approximately
1.8 m/s (-0.45%1.0+2.27). Consequently, we devised
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Fig. 1 Changes in shear wave velocity during anesthetic induction. The gray circles represent means and the bars represent standard deviations. At
the opioid-induce rigidity, the velocity was faster than that at the baseline. At the complete muscle relaxation, the velocity was slower than that at

the baseline. **p <0.01 versus baseline condition

Table 2 Multivariate models for muscle tone value in anesthetic induction

Baseline Opioid-induced rigidity Complete muscle relaxation

Estimate  95%Cl p value Estimate  95%Cl p value Estimate  95%Cl p value
Intercept 3.16 2.36-3.96 <0.0001 376 2.76-475 <0.0001 2.07 146 -2.68 <0.0001
Age (years) -0.0009 -0.10-0.01 0.84 -0.005 -0.02-0.01 041 -0.0007 -0.01 -0.01 0.83
Female -0.05 -0.18 -0.07 040 -0.21 -0.37-0.05 0.01 -0.10 -0.20--0.05 0.04
BMI (kg/m?) -0.05 -0.08--003  0.0002 -0.05 -0.08--002  0.002 -0.02 -0.04 - 0.00 0.04
Abdominal surgery -0.07 -0.21-0.07 031 0.01 -0.16-0.18 0.90 0.006 -0.10-0.11 091
Inhalational anesthesia 0.04 -0.10-0.18 0.59 -0.09 -0.26 - 0.08 0.30 0.05 -0.06 -0.16 035

BMI body mass index, 95%C/ 95% confidence interval

the following correction equations so that the SWV
approaches 1.8 m/s, canceling the effects of being female
and the subcutaneous fat thickness.

Male adjusted shear wave velocity (m/s)

1.79+0.30 m/s, and it was slower than that at the baseline
(p=0.0006).

= Measured shear wave velocity (m/s) — 0.45 x [1 — subcutaneous fat thickness(cm)]

Female adjusted shear wave velocity (m/s)

= Measured shear wave velocity (m/s) — 0.19 x [1 — subcutaneous fat thickness(cm)] + 0.19

Figure 3 showed the chronological changes in the
SWVs adjusted for subcutaneous fat thickness. At the
baseline, the adjusted SWV was 2.08 +0.48 m/s. At the
opioid-induced rigidity, the SWV was 2.41+0.60 m/s,
and it was faster than that at the baseline (p=0.0001).
At the complete muscle relaxation, the SWV was

Discussion

To develop the universal scale for quantitative assessment
of the muscle tone, we first measured and calculated the
SWV in three situations. Using the multiple regression
model constructed in the current study, we found that
female sex and obesity significantly decrease the SWV.
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Fig. 2 Linear regression models between the subcutaneous fat thickness and shear wave velocity. Six model equations were computed for each
of the three situations, for males and females. In the model equation, x is a subcutaneous fat thickness variable, and y is a shear wave velocity
variable. Regions around the model line are 95% confidence intervals. R% coefficient of determination

In addition, we finally constructed new single regres-
sion model and devised a unique adjustment method to
improve the measurement accuracy of the SWVs.

The results shown in Fig. 1 indicated the muscle tone
levels in the three conditions, which are keystones for
the universal scale or quantitative assessment of mus-
cle tone. At baseline condition, the SWV was 1.9 m/s.
We assume that it reflects the level of muscle tone at
rest, in the patient. Given that the patient was in supine
position during measurements, muscle contraction for
standing retention and gravity effects are considered neg-
ligible [14]. At opioid-induced rigidity conditions, the
SWV was 2.2 m/s. However, interpreting this observa-
tion is difficult. An earlier report suggested that opioid-
induced rigidity was equivalent to muscle stiffness with
Parkinsonism [15]. Ding et al. reported that the shear
wave velocity in the biceps brachii muscle of patients
with Parkinson’s disease was 3.7 m/s [16]. This velocity is

relatively faster than our results, and so the interpretation
may be controversial. We presume that the measured
SWV at opioid-induced rigidity condition is the same
as muscle tone when one keeps the abdominal muscles
tight.

As shown in Table 2, significant factors affecting the
muscle tone were sex and body mass index. These two
factors were used in the multiple regression model,
but may not be independent of each other. Women
have more body fat mass than men [17], and obesity is
a state of excessive body fat accumulation [18]. Body
fat mass may be the potential factor to decrease SWV.
Body fat mass is classified into visceral fat and subcu-
taneous fat [19]. CT scan, MRI, and dual-energy X-ray
absorptiometry quantify the visceral fat [19], while
skinholds by using a caliper or ultrasound can measure
the subcutaneous fat easily [19, 20]. We hypothesized
that subcutaneous fat thickness would be a significant
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Fig. 3 Changes in shear wave velocity after the adjustment. The black circles represent means and the bars represent standard deviations. At
the opioid-induce rigidity, the velocity was faster than that at the baseline. At the complete muscle relaxation, the velocity was slower than that at
the baseline. Also shown were changes in velocity before adjustment (gray circles and bars, same as Fig. 1). ***p <0.001 versus baseline condition

factor to reduce SWV based on the interpretation of
multiple regression models (Table 2). We referred to
the stored ultrasound images in which velocity was
measured, and we retrospectively measured subcu-
taneous fat thickness. As shown in Fig. 2, in the both
male and female patients, simple linear regression was
fitted between subcutaneous fat thickness and the
SWYV. Next, using the regression model in the com-
plete muscle relaxation conditions of the male and
female, we adjusted the measured SWVs. The results
shown in Fig. 3 indicated that the SWV was 1.8 m/s
at reference (i.e., zero point), and that the SWV was
2.0 m/s at rest (~10% increase from the reference). In
the opioid-induced rigidity condition, the SWV was
2.4 m/s (~30% increase from the reference). In all con-
ditions, the individual differences were smaller than
those before adjustment (Fig. 3), and the SWVs after
the adjustment were thought to be useful at least as
controls to assess the abdominal muscle tone.

One of the most important components of the pro-
posed scale is the zero point. The adjusted SWV under
the complete muscle relaxation condition, that is approx-
imately 1.8 m/s, can be considered as a reference point.
So far, to the best of our knowledge, such a reference
velocity has not been reported in the past. We therefore
compare shear wave velocity to those in softer organ than
fully relaxed muscle. Barr et al. reported that the velocity
in the liver was approximately 1.5 m/s [21, 22]. The value
of 1.8 m/s may be reasonable reference point on the scale
for assessment of muscle tone.

Our proposed adjustment for subcutaneous fat
thickness is practical because it can be measured
simultaneously with ultrasound manipulation when
measuring velocity, and it is reasonable to assume
that, for clinical use of SWV, the thicker the subcu-
taneous fat, the more likely it is that the ultrasound
waves emitted by the echo probe will be attenuated by
the subcutaneous fat [23]. It is a plausible explanation
that thicker subcutaneous fat reduces SWV. Neverthe-
less, this adjustment may not be appropriate for other
parts of the body, such as the neck, shoulders, waist,
and lower limbs, where muscle stiffness often hap-
pens in clinical practice [10], because the subcutane-
ous fat thickness in each site varies even in the same
individual [13]. Further investigation at the other sites
is needed to generalize our proposed scale. If subcu-
taneous fat thickness-adjusted scales at the other sites
are similar to that at the abdominal muscle, its scale
may be universal for assessment of the muscle tone in
medicine. For example, the adjusted-SWYV values can
be used to quantify the severity of conditions such as
neck stiffness, frozen shoulder, or back stiffness associ-
ated with lower back pain, which are prevalent among
middle-aged individuals. Measuring the adjusted-SWV
values is also beneficial for identifying muscle weak-
ness, such as ICU-acquired muscle weakness. This
would be valuable in clinical practices in orthopaedics,
rehabilitation, neurology, intensive care, and pain clin-
ics. Moreover, based on the results of this study, SWV
and its scale could potentially serve as an alternative
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to evaluating muscle relaxation during general anaes-
thesia, instead of train-of-four monitoring. If the sur-
gical site is other than the abdomen and echo probe
sterilization can be ensured, muscle relaxation can
be evaluated using methods other than train-of-four
monitoring, even in abdominal surgeries.

Moreover, at least based on the results of this study,
SWYV and its scale are possible to serve as an alternative
to the evaluation of muscle relaxation using train-of-
four monitoring during general anesthesia. If the surgi-
cal site is anywhere other than the abdomen and if echo
probe sterilization can be ensured even in the abdo-
men, muscle relaxation can be evaluated using methods
other than train-of-four monitoring.

One of the limitations of this study is the variety of
anesthesia methods used during anesthesia induction.
Inhaled anesthetics, (i.e., sevoflurane and desflurane),
potentiate muscle relaxation and are weak muscle
relaxants on their own [24]. Although this patient selec-
tion bias influences the measurement of the SWV, our
regression models showed no statistically significant
effect of inhalation anesthetic (Table 2). We guess that
the effect of inhalation anesthetic may be small.

The other limitation of this study is that all meas-
urements were by only one sonography examiner.
Ultrasonography depends on the operator’s skill and
experience and is not reproducible [25]. In the current
study, we did not use the other methods in the meas-
urement of the shear wave velocity and subcutaneous
fat thickness except for ultrasound sonography. Also,
when the examiner measured the subcutaneous fat
thickness, he did not estimate the degree of fat infil-
tration into the abdominal muscle. Indeed, neuromus-
cular disease, disuse muscle atrophy, or sarcopenia
induce the fat-rich muscle [26]. The possibility that
the degree of fat content in muscle is related to mus-
cle tone was not examined. As described above, these
information biases may involve the present results in
the study.

In conclusion, the present results suggest that shear
wave elastography allows for quantification of the mus-
cle tone in the abdomen and that significant clinical
factors for decreasing SWV were female sex and high
body mass index. The SWV adjusted for the subcutane-
ous fat thickness may be scale points of future universal
scale for the assessment of muscle tone.

Abbreviations

ASA-PS  American society of anesthesia physical status classification
cT Computed tomography

ICU Intensive care unit

MRI Magnetic resonance imaging

S.D. Standard deviation

SWV Shear wave velocity

Page 7 of 8

Acknowledgements

A part of this study was presented at the 42" Annual Meeting of Japanese
Society for Clinical Anesthesia, Kyoto, JAPAN on November 11 - 12, 2022.
We thank the staff of the Department of Anesthesiology and Perioperative
Medicine, Tohoku University for providing valuable comments regarding the
preparation of this manuscript.

Authors’ contributions

Hidehisa Saito: Data curation, Formal analysis, Investigation, Writing—Original
Draft. Shigekazu Sugino: Funding Acquisition, Visualization, Writing — Review &
Editing. Shoichiro Moteki: Investigation. Akihiro Kanaya: Methodology. Masa-
nori Yamauchi: Conceptualization, Funding Acquisition, Methodology, Project
Administration, Supervision, Writing — Review & Editing.

Funding

This study was supported by a Grant in Research Project on Elucidation of
Chronic Pain (ref#18950309, to M.Y.) from Japan Agency for Medical Research
and Development (AMED), Tokyo, Japan.

Availability of data and materials
The datasets used during the current study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Institutional Review Board and Ethics Com-
mittee of Tohoku University School of Medicine (ID#2021-1-1055, approved
on Oct 22, 2018). We obtained the written informed consent from the study
participants. All methods were performed in accordance with the World Medi-
cal Association (WMA)'s Declarations of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 16 May 2023 Accepted: 23 November 2023
Published online: 29 November 2023

References

1. Proske U, Morgan DL. Muscle damage from eccentric exercise: mecha-
nism, mechanical signs, adaptation and clinical applications. J Physiol.
2001;537:333-45.

2. Gleim GW, McHugh MP. Flexibility and Its Effects on Sports Injury and
Performance. Sports Med. 1997,24:289-99.

3. Bendtsen L, Jensen R, Olesen J. Qualitatively altered nociception in
chronic myofascial pain. Pain. 1996,65:259-64.

4. Mary P, Servais L, Vialle R. Neuromuscular diseases: Diagnosis and man-
agement. Orthop Traumatol Surg Res. 2018;104:589-95. https://doi.org/
10.1016/j.0tsr.2017.04.019.

5. Tysoe O. Skeletal muscle weakness in hypothyroidism. Nat Rev Endo-
crinol. 2021;17:447.

6.  Weiss-Guillet E-M, Takala J, Jakob SM. Diagnosis and management
of electrolyte emergencies. Best Pract Res Clin Endocrinol Metab.
2003;17:623-51.

7. van Wagenberg L, Witteveen E, Wieske L, Horn J. Causes of Mortality in
ICU-Acquired Weakness. J Intensive Care Med. 2020;35:293-6.

8. Sigrist RMS, Liau J, el Kaffas A, Chammas MC, Willmann JK. Ultrasound
Elastography: Review of Techniques and Clinical Applications. Theranos-
tics. 2017;7:1303-29.

9. Doéria MT, Jales RM, Conz L, Derchain SFM, Sarian LOZ. Diagnostic accu-
racy of shear wave elastography - Virtual touch™ imaging quantification
in the evaluation of breast masses: Impact on ultrasonography’s specific-
ity and its ultimate clinical benefit. Eur J Radiol. 2019;113:74-80.


https://doi.org/10.1016/j.otsr.2017.04.019
https://doi.org/10.1016/j.otsr.2017.04.019

Saito et al. BMC Anesthesiology ~ (2023) 23:388 Page 8 of 8

10. Taljanovic MS, Gimber LH, Becker GW, Latt LD, Klauser AS, Melville DM,
et al. Shear-Wave Elastography: Basic Physics and Musculoskeletal Appli-
cations. Radiographics. 2017;37:855-70.

11. Roy S, Fortier L-P. Fentanyl-induced rigidity during emergence from gen-
eral anesthesia potentiated by venlafexine. Can J Anesth. 2003;50:32-5.

12. von Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke
JP. Strengthening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement: guidelines for reporting observational studies.
BMJ. 2007;335:806-8.

13. Sato S, Demura S. Regional subcutaneous fat characteristics stratified by
sex, age, and obesity, and their relationships with total and visceral fat in
a Japanese population. J Physiol Anthropol. 2009;28:231-8.

14. Katch Fl. Individual differences of ultrasound assessment of subcutane-
ous fat: effects of body position. Hum Biol. 1983;55:789-95.

15. Severn AM. Parkinsonism and the anaesthetist. Br J Anaesth.
1988,61:761-70.

16. Ding CW, Song X, Fu XY, Zhang YC, Mao P, Sheng YJ, et al. Correction to:
Shear wave elastography characteristics of upper limb muscle in rigidity-
dominant Parkinson's disease. Neurol Sci. 2021;42:4391.

17. Palmer BF, Clegg DJ. The sexual dimorphism of obesity. Mol Cell Endo-
crinol. 2015;402:113-9.

18. Engin A.The Definition and Prevalence of Obesity and Metabolic Syn-
drome. Adv Exp Med Biol. 2017,960:1-17.

19. PontiF, De Cinque A, Fazio N, Napoli A, Guglielmi G, Bazzocchi A. Ultra-
sound imaging, a stethoscope for body composition assessment. Quant
Imaging Med Surg. 2020;10:1699-722.

20. Muller W, Lohman TG, Stewart AD, Maughan RJ, Meyer NL, Sardinha LB,
et al. Subcutaneous fat patterning in athletes: selection of appropriate
sites and standardisation of a novel ultrasound measurement technique:
ad hoc working group on body composition, health and performance,
under the auspices of the IOC Medical Commission. Br J Sports Med.
2016;50:45-54.

21. Barr RG. Shear wave liver elastography. Abdom Radiol (NY).
2018;43:800-7.

22. Barr RG, Ferraioli G, Palmeri ML, Goodman ZD, Garcia-Tsao G, Rubin J, et al.
Elastography Assessment of Liver Fibrosis: Society of Radiologists in Ultra-
sound Consensus Conference Statement. Radiology. 2015,276:845-61.

23. Wang Y-S, Zhang G-P, Yang X, Ye J, Cao YH, Zhang R, et al. Assessment
of hepatic fat content in using quantitative ultrasound measurement
of hepatic/renal ratio and hepatic echo-intensity attenuation rate. Med
Ultrason. 2020,22:393-401.

24. Zhang P, Yang P, Ye L, Zhu T. Spinal Cord is the Primary Site of Action
for Skeletal Muscle Relaxation by Sevoflurane. Spine (Phila Pa 1976).
2017;42:E1275-81.

25. Bazzocchi A, Filonzi G, Ponti F, Albisinni U, Guglielmi G, Battista G. Ultra-
sound: Which role in body composition? Eur J Radiol. 2016;85:1469-80.

26. Watanabe Y, Yamada Y, Fukumoto Y, Ishihara T, Yokoyama K, Yoshida T,
et al. Echo intensity obtained from ultrasonography images reflecting
muscle strength in elderly men. Clin Interv Aging. 2013;8:993-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Quantification of muscle tone by using shear wave velocity during an anaesthetic induction: a prospective observational study
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Clinical trial registration
	Participants
	Experimental protocol in induction of general anesthesia
	Ultrasound examination for evaluation in muscle tone
	Statistical analysis

	Results
	Opioid-induced rigidity increased the abdominal muscle tone and complete muscle relaxation decreased the tone
	Significant factors affecting the muscle tone were sex and body mass index
	The adjustment for subcutaneous fat thickness reduces individual differences in shear wave velocity

	Discussion
	Acknowledgements
	References


