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Statistically  significant  differences  were  identified  for  right  isotonia  and  left  maximal  voluntary

Spasticity  is  a  common  neuromuscular  dysfunction  observed  in  various  neurological  conditions,  characterized  by  an  

abnormal  increase  in  muscle  tone  and  resistance  to  passive  movement,  which  negatively  impacts  functionality  and  quality  

of  life.  Owing  to  its  thermal  and  mechanical  effects,  therapeutic  ultrasound  has  emerged  as  a  potential  modality  to  assist  

in  spasticity  management.  This  study  aimed  to  evaluate  the  effects  of  therapeutic  ultrasound  on  the  spasticity  of  the  biceps  

brachii  muscle  in  individuals  with  different  neurological  disorders.  The  sample  consisted  of  seven  participants  presenting  

spasticity  in  the  biceps  brachii  muscle,  who  were  evaluated  using  electromyography  and  ultrasonography  before  and  after  

the  intervention.  The  intervention  protocol

Summary
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involved  a  single  application  of  continuous-mode  therapeutic  ultrasound  at  a  frequency  of  1  MHz,  intensity  of  0.8  W/cm²,  

4  ERAS,  and  a  duration  of  10  minutes.  Data  were  analyzed  using  SPSS  software  version  21.0,  applying  descriptive  

statistics  and  the  nonparametric  Wilcoxon  paired-sample  test,  with  a  significance  level  set  at  p  ÿ  0.05.  Following  the  

therapeutic  ultrasound  application  to  the  spastic  muscle,  a  trend  toward  reduced  muscle  activity  and  increased  muscle  

thickness  was  observed.
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Spasticity  is  a  common  neuromuscular  dysfunction  in  various  neurological  conditions,  characterized  by  an  abnormal  

increase  in  muscle  tone  and  resistance  to  passive  movement,  negatively  affecting  functionality  and  quality  of  life.  

Therapeutic  ultrasound,  due  to  its  thermal  and  mechanical  effects,  emerges  as  a  viable  option  to  help  control  this  condition.  

This  study  aimed  to  evaluate  the  effects  of  therapeutic  ultrasound  on  spasticity  of  the  biceps  brachii  muscle  in  individuals  

with  various  neurological  disorders.  The  sample  consisted  of  seven  participants  who  presented  with  spasticity  in  the  

biceps  brachii  muscle,  who  underwent  electromyography  and  ultrasound  evaluation  before  and  after  the  intervention.  The  

intervention  protocol  consisted  of  a  single  application  of  continuous  therapeutic  ultrasound,  with  a  frequency  of  1  MHz,  

intensity  of  0.8  W/cm²,  4  ERAS,  and  a  duration  of  10  minutes.  The  collected  data  were  analyzed  using  SPSS  software  

version  21.0,  employing  descriptive  statistics  and  the  non-parametric  Wilcoxon  paired-samples  test,  with  a  significance  

level  set  at  pÿ0.05.

Following  the  application  of  therapeutic  ultrasound  to  the  spastic  muscle,  a  trend  towards  reduced  muscle  activity  and  

increased  muscle  thickness  was  observed;  these  findings  were  statistically  significant  in  right  isotonicity  and  left  maximal  

voluntary  contraction.  Thus,  it  is  concluded  that  the  acute  application  of  therapeutic  ultrasound  was  able  to  promote  

significant  changes  in  muscle  tone  in  only  two  of  the  clinical  conditions  analyzed,  in  individuals  with  neurological  disorders.  

However,  a  clinical  trend  towards  improved  spasticity  control  was  identified,  suggesting  the  need  for  studies  with  larger  

samples  and  repeated  interventions  to  confirm  these  experimental  findings.
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Prevalence  and  clinical  impact,  their  assessment  and  management  represent  significant  challenges  in  practice.

A  more  functional  standard.  Through  approaches  based  on  and  validated  by  the  literature  with  a  treatment.

Spasticity  is  present  in  several  neurological  conditions,  such  as  stroke.

Physical  therapy  plays  an  important  role  in  the  rehabilitation  and  management  of  spasticity.

brain  injury,  spinal  cord  injury,  and  multiple  sclerosis,  which  can  lead  to  significant  complications,  such  as

Keywords:  Therapeutic  Ultrasound,  Spasticity,  Neurological  Disorders,  Surface  Electromyography,  Muscle  Tone.

contraction.  In  conclusion,  the  acute  application  of  therapeutic  ultrasound  could  promote  significant  changes  in  

muscle  tone  in  two  of  the  clinical  conditions  analyzed  among  individuals  with  neurological  disorders.  However,  a  
clinical  trend  improved  toward  spasticity  control  was  observed,  suggesting  the  need  for  studies  with  larger  samples  
and  repeated  interventions  to  confirm  these  preliminary  findings.

movement  triggered  by  the  central  nervous  system.  This  alteration  is  primarily  associated  with

Introduction

1.  Theoretical  Framework /  Results

seeking  a  reduction  in  muscle  hypertonia,  improvement  in  motor  function  and  conditioning  of  a

velocity-dependent  stretching,  which  compromises  voluntary  motor  function  and  contributes

simple  everyday  problems,  generating  a  negative  impact  on  the  mobility,  independence,  and  quality  of  life  of  these  

people  (PORTAL  REABILITAÇÃO,  2024;  AMATYA  et  al.,  2024).  With  high
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New  techniques  and  therapeutic  combinations  to  reduce  spasticity  include:

whether  the  use  of  TENS,  botulinum  toxin,  therapeutic  ultrasound,  passive  stretching  and  thermotherapy

(ROMAN  et.  al.,  2023;  VERDUZCO-GUTIERREZ  et.  al.,  2024).  In  this  context,  research

Spasticity  can  also  be  defined  as  the  involuntary,  intermittent,  or  sustained  activation  of

reflexes  as  well  as  in  the  central  regulation  of  muscle  activity  (GAL  et  al.,  2025).

contractures,  joint  deformities,  fatigue,  muscle  pain,  and  difficulty  performing  activities

Individualized  kinetic-functional  therapy  for  each  individual.  Currently,  there  is  a  constant  search  for

Upper  motor  neuron  lesions.  Characterized  by  muscle  hyperactivity  and  increased  reflexes.

therapist  (HE  et  al.,  2023).

Spasticity  is  a  sensorimotor  disorder  resulting  from  an  interruption  in  the  control  of

spasticity,  highlighting  that  this  practice  increases  intramuscular  tension  and  activates  the  tendinous  organs.

significantly  for  functional  disability  (GAL  et.  al.,  2025;  AMATYA  et.  al.,  2024).  THE

clinical  practice,  especially  due  to  the  complexity  of  its  pathophysiological  mechanisms,  and  the  limitations  of...

muscles,  resulting  from  neurogenic  disorders,  reflecting  changes  in  both  the  excitability  of

Studies  conducted  by  Sahin,  Ugurlu,  and  Karahan  (2011)  investigated  the  effects  of  passive  stretching  on

assessment  tools  currently  available,  and  because  they  rely  exclusively  on  the  experience  of

Machine Translated by Google



It  involves  compression  and  expansion  of  piezoelectric  ceramic,  which  can  generate  tissue  heat  (MEYER  et  al.

Therapeutic  approaches  as  a  form  of  intervention  in  the  management  of  spasticity.

to  improve  the  extensibility  of  tissues,  especially  those  rich  in  proteins  such  as  collagen.

In  this  sense,  the  application  of  therapeutic  ultrasound  becomes  an  option  for  controlling  the

(al.,  2012).  The  frequencies  used  in  physiotherapy  vary  between  0.75  and  3.0  MHz,  with  the

The  application  of  these  sound  waves  is  capable  of  penetrating  different  layers  of  tissue.  Although  the

It  combines  physiological  effects  with  heat  generation,  and  its  thermal  effect  is  dose-dependent.

This  warming  of  the  tissues  increases  metabolic  activity,  blood  supply,  and  perfusion,  in  addition  to...

The  study  aimed  to  evaluate  the  acute  effect  of  therapeutic  ultrasound  in  controlling  spastic  patterns  in  people  with  

neurological  disorders.  The  project  was  submitted  to  the  Research  Ethics  Committee  of  the  Center.

of  spasticity.  A  study  conducted  by  Monaghan  et  al.  (2017)  analyzed  the  parameters  of  the  reflex.

There  is  a  scarcity  of  recent  studies  on  the  subject.  In  this  context,  the  present  work  aimed  to...

the  individual's  spastic  pattern,  since  it  is  a  therapeutic  resource  based  on  mechanical  vibrations.

an  inhibitory  effect  on  the  excitability  of  alpha  motor  neurons,  which  contributes  to  the  reduction

muscle  tone,  spasticity  reduction,  and  its  contribution  to  functional  rehabilitation.

to  evaluate  the  acute  effect  of  therapeutic  ultrasound  on  spasticity  of  the  biceps  brachii  muscle  in

indicating  an  inhibitory  modulation  of  reflex  activity.  Therefore,  ultrasound  acts  both  in...

2.  Material  and  Method

This  is  a  self-controlled,  longitudinal,  experimental  clinical  study,  in  which...

individuals  with  neurological  impairments,  seeking  to  understand  their  effects  on  modulation
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Golgi  apparatus  and  promotes  muscle  relaxation.  Furthermore,  studies  conducted  by  the  same  authors...

In  addition  to  the  thermal  and  mechanical  effects  of  therapeutic  ultrasound,  it  is  also  possible  to  observe

high-frequency  waves,  which  generate  oscillations  in  tissues  through  acoustic  cavitation,  a  phenomenon  that

The  classic  concept  of  two  frequencies,  1  MHz  for  deep  tissues  and  3  MHz  for  superficial  tissues,  still

While  this  approach  may  be  accepted,  it  has  been  revised  due  to  technological  advancements  and  a  scarcity  of  studies.

about  the  mechanisms  of  action  of  acoustic  waves  in  biological  tissues.  Continuous  ultrasound

and  breaks  the  fat  cell  membrane  (JONHS,  2002;  SAVOIA  et  al.,  2012).

Peripheral  tissues,  such  as  in  neural  modulation,  favor  the  control  of  muscle  tone.

(2011)  suggest  that  applying  heat  or  cold  before  stretching  can  enhance  its  effects.

The  application  of  therapeutic  ultrasound  in  physiotherapy  has  been  a  possible  alternative.

UNIFAFIBE  University  student  and  approved  under  CAAE  89447225.9.0000.5387  and  opinion  7.652.547.

and  elastin.  It  also  stimulates  the  release  of  catecholamines,  induces  lipolysis,  and  mobilizes  triglycerides.

H  (Hmax/Mmax  ratio)  and  demonstrated  a  decrease  in  this  ratio  after  the  application  of  ultrasound.

for  the  management  of  spasticity  in  neurological  disorders,  however,  the  literature  demonstrates  a
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School  of  Physiotherapy,  same  institution,  in  the  city  of  Bebedouro-SP.

spasticity  in  the  biceps  brachii,  using  a  frequency  of  1  MHz,  intensity  of  1  W/cm²,  4

•  History  of  neoplasms  in  the  area  where  ultrasound  will  be  applied;

2.2  Inclusion  and  Exclusion  Criteria

•  Individuals  undergoing  treatment  at  the  teaching  clinic;

Exclusion  criteria:

biceps  brachii  at  rest  and  maximum  voluntary  contraction,  allowing  for  comparison  of  their
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effects.  A  therapeutic  intervention  with  continuous  ultrasound  was  performed  in  individuals  with

ERAs  for  10  minutes.  The  study  was  conducted  at  the  University  Center  –  UNIFAFIBE  and  at  the  Clinic.

•  Open  wounds,  skin  infections,  or  other  dermatological  conditions  at  the  application  site;

•Participation  in  other  clinical  studies  in  the  last  3  months  that  could  interfere  with  the  present  study;

regularly  attend  the  Physiotherapy  Clinic  School  at  UNIFAFIBE.

Inclusion  criteria:

The  study  included  participants  who  had:  •  The  ability  to  

understand  and  follow  simple  commands  (collected  previously  from  the  participant's  evaluation  form);

•  Presence  of  metallic  implants  or  electronic  devices  (such  as  pacemakers)  in  the  area  where  ultrasound  is  
applied;

surface  at  rest,  maximum  voluntary  contraction  and  isotonicity,  and  by  ultrasound  imaging  of

•  Significant  changes  in  sensation  in  the  affected  upper  limb;

Participants  were  assessed  before  and  immediately  after  the  intervention  using  electromyography.

•  Uncontrolled  high  blood  pressure  or  cardiovascular  instability;

2.1  Participants

•  History  of  uncontrolled  epilepsy;

The  sample  consists  of  seven  participants,  aged  25  to  65,  with  neurological  disorders.

•  Individuals  aged  between  25  and  65  years;  

•  Absence  of  recent  use  (last  6  months)  of  botulinum  toxin  in  the  affected  upper  limb;  •  Absence  of  

wounds,  infections  or  dermatological  changes  at  the  ultrasound  application  site;  •  Good  skin  integrity  and  

preserved  sensitivity  in  the  brachial  region.

•Application  of  botulinum  toxin  in  the  last  six  months;

•  Diagnosis  of  associated  neuromuscular  diseases  (e.g.,  amyotrophic  lateral  sclerosis,  muscular  dystrophies);

that  presents  with  a  spastic  pattern  in  the  upper  limbs,  and  that  are  not  in  the  acute  phase  of  the  disease  and

who  are  not  participating  in  other  clinical  studies  that  could  interfere  with  the  present  study,  in  addition  to

•  Severe  pain  in  the  affected  upper  limb,  incompatible  with  the  execution  of  the  proposed  techniques;

Participants  who  had  the  following  were  excluded  from  the  study:
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The  skin  was  disinfected  using  a  70%  alcohol  solution  in  order  to  remove  impurities.

2.3.3.  Surface  Electromyography  -  Collection  of  Muscle  Activity

Simple  differential  active  electrodes,  consisting  of  two  contacts,  were  used.

Current  capacity  up  to  ±100  mA.  The  device  has  a  high  mode  rejection  rate.

made  of  silver  with  dimensions  of  10.0  x  1.0  mm  and  spacing  of  10.0  mm  between  them,  fixed  in

and  functional  dependence,  it  allows  for  the  evaluation  of  the  individual's  physical  and  non-physical  aspects,  in  addition

Staging  using  the  Modified  Rankin  Scale,  capable  of  assessing  the  individual's  level  of  disability.

Adjustable  between  5  Hz  and  5  kHz,  ensuring  the  minimization  of  interference  and  noise  in  the  signals.

2.3.2.  Staging  and  Classification  of  the  disease

The  electromyograph  model  804C,  manufactured  by  EMG  System  of  Brazil,  was  used.

2.3.1  Protocol  applied  to  individuals  with  neurological  disorders

oiliness  and  possible  residues  that  could  compromise  electrical  conductivity  and  adhesion  of

The  system  features  a  high-performance  data  acquisition  module,  accompanied  by  software.

To  prepare  the  participants  before  undergoing  the  electromyographic  assessment,  it  was

The  same  pre-  and  post-intervention  assessments  were  performed.

Participants  who  had  suffered  a  stroke  were  also  assessed  for

Resin  encapsulation  measuring  40  x  20  x  5  mm,  ensuring  stability  and  precision  in

electrodes.  When  necessary,  trichotomy  (hair  removal)  was  performed  in  the  application  area.

The  participants  in  this  study  underwent  the  following  clinical  routine:

2.3  Data  collection

•  Staging  and  Classification  of  the  Disease;

Portable  equipment  with  eight  channels,  four  of  which  were  dedicated  to  signal  reception.

proprietary  device  intended  for  the  control,  storage,  processing,  and  analysis  of  the  collected  signals.

Common  frequency  response  (CMRR)  of  112  dB  @  60  Hz,  input  impedance  of  10¹ÿ  Ohms/6  pF  for  electrodes

detection  of  electromyographic  signals.

Electromyographic  (EMG)  devices,  compatible  with  active  and  passive  electrodes,  and  four  auxiliary  channels.

passive  and  input  bias  current  of  ±2  nA  for  active  electrodes.  Additionally,

•  Application  of  therapeutic  ultrasound  to  the  biceps  for  ten  minutes.
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acquired.

•  Electromyographic  evaluation  of  the  biceps  muscle  at  rest,  during  maximal  voluntary  contraction,  and  during  isotonic  
contraction,  twice  with  a  two-minute  interval;

•  Ultrasound  imaging  assessment  of  the  biceps  brachii  at  rest  and  during  maximum  voluntary  contraction  twice  
for  each  clinical  condition;

The  equipment  features  surge  protection  and  low-pass  filters  with  a  frequency  range.

It  exhibits  good  inter-  and  intra-rater  reliability  (WILSON  et  al.,  2002).

The  equipment  connectors  feature  ±12V  DC  outputs  with

This  article  is  published  in  open  access  under  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  
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equipment.  The  assessment  was  performed  on  the  biceps  brachii  muscle  bilaterally,  under  the  conditions  of
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between  each  measurement.  The  transducer  was  positioned  transversely  over  the  described  motor  points.

continuous  movement  with  the  device  directed  at  the  belly  of  the  biceps  brachii  muscle.  The  protocol  used  the

electromagnetic  interference  and  artifacts  during  signal  acquisition,  as  suggested  by  Singla  et  al.  (2018).

The  clinical  conditions  used  in  this  study  were:  resting  in  a  seated  position.

Comfortable  with  the  upper  limb  in  slight  abduction  and  lateral  shoulder  rotation.  All  collections

Standardized  guidelines  from  the  Surface  Electromyography  for  the  Non-Invasive  Assessment  of  project

(Ibramed,  Amparo/SP,  Brazil).  The  volunteers  received  a  session  of  therapeutic  ultrasound.

of  the  electrodes  with  a  disposable  razor,  in  order  to  ensure  better  contact  between  the

using  the  SENIAM  protocol,  the  image  was  applied  to  the  skin  so  that  the  resulting  image  could  demonstrate  the  thickness.

The  fixation  was  performed  on  the  anterior  portion  of  the  arm,  approximately  in  the  proximal  two-thirds.

2.3.4.  Ultrasound  Imaging  –  Muscle  Thickness  Measurement

Repeat  for  5  seconds  each  time,  respecting  a  2-minute  interval  between  each  repetition.

Active  isotonic  elbow  flexion  and  extension.  All  clinical  conditions  were  performed  twice.

The  data  were  collected  by  the  same  examiner  through  two  measurements  for  each  muscle.

For  the  procedure,  the  Sonopulse  III  Therapeutic  Ultrasound  device  was  used.

assessed  under  two  previously  established  clinical  conditions,  with  a  two-minute  interval.

differentials  were  positioned  over  the  muscle  belly  of  the  biceps  brachii  muscle,  respecting

longitudinal  alignment  with  the  muscle  fibers.

of  the  segment  between  the  acromion  process  of  the  scapula  and  the  cubital  fossa,  in  accordance  with  the

muscular  of  the  central  portion  of  the  biceps  brachii  (GAO,  J.  et  al.,  2018).

Maximum  voluntary  contraction  in  a  seated  position  through  elbow  flexion  and  movement.

Equipped  with  a  high-frequency  linear  probe  (model  L11-4Ks),  ideal  for  examinations.

For  measuring  muscle  thickness,  a  portable  Doppler  ultrasound  device  was  used.

The  electrode  and  the  skin  surface  optimize  the  quality  of  the  electromyographic  signal.  Two  active  electrodes.

The  Youkey  Soloscan  P50,  weighing  160g  and  measuring  150mm  x  40mm  x  25mm,  connects  via  Wi-Fi  and

pleasant  temperature  (20-25°)  and  reduced  lighting  for  better  visibility  of

ERAs  lasted  for  10  minutes.  The  application  was  performed  only  once.  Participants  remained

Muscles  (SENIAM).  The  reference  electrode  was  positioned  over  a  bony  prominence,

musculoskeletal.  The  ultrasound  images  were  collected  in  a  quiet  environment  with

rest  and  maximum  voluntary  contraction,  while  the  participant  remained  seated.

the  following  parameters:  frequency  of  1  MHz,  in  continuous  mode  and  with  an  intensity  of  0.8  W/cm²,  4

2.3.5.  Therapeutic  intervention

preferably  in  the  ulnar  styloid  process,  in  order  to  minimize  interference.
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in  a  comfortable  position,  with  the  arm  slightly  abducted  and  laterally  rotated  for  better  exposure  of

Table  1  –  Presentation  of  participants  undergoing  interventions  based  on  age,  gender,  weight  (Kg),  height  
(m),  Body  Mass  Index  (BMI),  underlying  disease,  neurological  pattern,  stroke  classification  (according  to  the  
Modified  Rankin  Scale),  and  dominant  limb.

Butterworth  and  the  data  were  normalized  by  the  maximum  voluntary  contraction  of  the  individuals.

Muscle  thickness  values  were  tabulated  directly  from  the  average  of  the  two  repetitions  of

SPSS  version  21.0  (SPSS  Inc.;  Chicago,  IL,  USA).  The  results  were  obtained  through  analysis.

In  the  assessment  of  muscle  activity,  a  decrease  in  tone  was  observed.

Two  diagnosed  with  TBI  had  a  mean  age  of  49  ±  12  years  and  a  mean  weight  of  89  kg  ±

muscular  in  all  clinical  conditions  and  muscles  evaluated  (table  2).  The  values  are

each  clinical  condition.  The  final  data  were  subjected  to  statistical  analysis  using  the  software.

2.4  Data  Analysis

15,19.  These  data  are  described  below  in  Table  1.

The  electromyographic  data  were  processed  with  offset  removal  and  filter  application.

descriptive  (means,  standard  deviations,  maximum  value,  and  minimum  value)  for  each  variable.  The  values

They  were  compared  using  the  non-parametric  Wilcoxon  test  (p<0.05).

Seven  participants  underwent  the  intervention,  five  of  whom  had  been  diagnosed  with  stroke  and

3.  Results  and  Discussion
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±0.77

Table  2  –  Comparison  of  normalized  values  of  muscle  activity  (µV)  pre-  and  post-intervention  based  on  means,  standard  

deviation,  and  significance  values  for  the  clinical  conditions:  Right  rest,  left  rest,  right  isotonic,  and  left  isotonic  (Wilcoxon  

test,  pÿ0.05).

In  terms  of  muscle  thickness,  an  increase  in  muscle  thickness  was  observed  for  all...

statistically  significant  for  the  right  isotonic  clinical  condition  (p>0.05).

significant  for  the  clinical  condition  of  maximum  left  voluntary  contraction  (p>0.05).

muscular  and,  consequently,  resistant  to  passive  movement,  compromising  the  activity  of

In  this  sense,  this  study  used  tools  that  are  considered  the  gold  standard  for  analysis.

the

muscular  imaging,  such  as  electromyography,  which  stands  out  for  capturing  muscle  electrical  activity,  allowing
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Table  3  –  Comparison  of  muscle  thickness  values  (cm)  pre-  and  post-intervention  based  on  means,  standard  deviation,  

and  significance  values  for  the  clinical  conditions:  Right  and  left  resting  position,  right  and  left  maximal  voluntary  

contraction.  (Wilcoxon  test,  pÿ0.05).

Clinical  conditions,  except  for  left-sided  rest  (Table  3).  The  values  are  statistically...

Post-intervention
2.66

Spasticity  triggers  myotatic  reflex  manifestations  that  result  in  stretching.

The  daily  lives  of  individuals  with  this  type  of  neurological  disorder  are  affected,  and  assessing  this  pattern  is  essential  

for  the  clinical  monitoring  of  the  individual  (MINISTRY  OF  HEALTH,  2022).

-  statistically  significant  values  (pÿ0.05)  ns  -  
non-significant  values  (pÿ0.05)

*
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combined  with  ultrasound  at  0.5  W/cm²  and  transcutaneous  electrical  nerve  stimulation,  obtaining  results

brachial  region  compared  to  healthy  individuals,  indicating  increased  excitability  of  the

They  used  therapeutic  ultrasound  with  an  intensity  of  0.5  W/cm²  in  a  clinical  trial  aimed  at

Alpha  motor  neurons.  The  equipment  emits  waves  in  a  frequency  range  inaudible  to  the  ear.

Another  important  factor  is  related  to  the  fact  that  the  findings  of  this  study  demonstrate

as  per  the  protocol  described  by  Santos;  Costa;  Abreu  (2013).  However,  in  one  of  the  participants,

As  proposed  in  this  study,  there  are  few  studies  on  therapeutic  dose  control  in  humans  for

Application  of  therapeutic  ultrasound  at  low  intensities.
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In  this  study,  therapeutic  ultrasound  was  used  as  a  tool  to  control  the

a  procedural  restructuring  of  this  study.

Positive  aspects  in  pain  control  and  functional  improvement  in  the  postoperative  period  of  cesarean  section.  Regarding  the  topic...

No  painful  episodes  were  reported.  We  believe  that  the  intensity  of  1.0  W/cm²  generated

control  of  spasticity,  highlighting  the  relevance  of  this  study.

Regarding  the  evaluation  of  the  acute  effects  of  therapeutic  ultrasound  in  people  with

decreased  muscle  electrical  activity  in  all  clinical  conditions  and  muscles  evaluated,  after

et.  al.,  2023;  MARTINEZ  et.  al.,  2014).

In  turn,  it  allows  for  the  analysis  of  muscle  morphology  through  the  cross-sectional  area.  (HE

to  measure  motor  unit  recruitment  and  assess  muscle  tone.  Ultrasound  imaging,  on  the  other  hand,

In  the  case  of  biceps  brachii  spasticity,  the  overall  analysis  of  muscle  activity  showed...

Application:  intensity  of  1.0  W/cm²,  frequency  of  1  MHz,  continuous  mode,  for  10  minutes.

This  intensity  caused  pain,  leading  to  the  interruption  of  the  intervention.  After  reducing  it  to  0.8  W/cm²,

the  application  of  therapeutic  ultrasound,  being  statistically  significant  for  the  clinical  condition  in

These  clinical  findings  regarding  the  need  for  a  reduction  in  therapeutic  doses  are  already  a

Intense  stimuli  in  the  motor  units  triggered  this  episode,  which  generated  the  need.

with  the  results  of  Xie  et  al.  (2024),  who  identified  greater  electromyographic  activity  of  the  biceps

human,  decreasing  parameters  such  as  the  H-reflex  (Mmax/Hmax  ratio)  and  producing  the  effect

motor  units.  Similar  trends  are  also  observed  in  the  study  by  Silva  et  al.  (2012)

current  literature  trend,  as  observed  in  the  study  by  Santana-Rodrigues  et  al.  (2019),  which

muscle  tone  of  the  participants,  since  its  thermal  effects  reduce  hyperexcitability  of  the

when  compared  to  higher  doses.  Similarly,  Korelo  and  Silva  (2020)  used  the  therapy

of  muscle  electrical  activity,  fiber  recruitment,  and  neuromuscular  excitability  after

that  the  increase  in  tone  is  caused  by  an  excitability  of  the  motor  units,  which  corroborates

Tissue  stimulation  was  used,  and  significant  improvements  in  functional  outcomes  and  pain  control  were  noted.

“antispastic”  as  described  by  Monaghan  et  al.  (2017).  The  following  parameters  were  adopted

Right  isotonicity.  These  findings  corroborate  Blackmore  et  al.  (2019),  who  report  a  reduction.
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intramuscular  stiffness  and  the  consequent  relaxation  of  the  fibers,  allowing  the  muscle  to...

recruitment  of  these  hyperexcitable  motor  units  typical  of  spasticity.

Ultrasonic  waves  generate  micro-vibrations  and  pressure  variations  that  alter  the  cell  membrane.

and  the  local  action  potential,  resulting  in  a  decrease  in  associated  muscle  activity.

Tissue.  Previous  studies  corroborate  this  evidence,  indicating  that  ultrasound  protocols

with  less  muscle  thickness.

the  clinical  conditions  after  the  application  of  therapeutic  ultrasound,  except  for  left-sided  rest,  being

Increased  muscle  thickness  without  causing  discomfort  or  adverse  effects.  This  observation  reinforces

a  modulator  of  neuromuscular  function,  capable  of  decreasing  excitability  and  promoting  relaxation,

Continuous  low-intensity  exercises  are  capable  of  stimulating  muscle  regeneration  and  modulating  activity.

accompanied  by  a  reduction  in  spasticity.  The  authors  attributed  this  result  to  the  release  of  areas

spasticity  is  associated  with  shortening  of  muscle  fibers  and  increased  tissue  stiffness,  which  results

Therefore,  it  is  believed  that  therapeutic  ultrasound  is  capable  of  reducing  spasticity,  because

Spastic  soleus  muscle  and  a  significant  increase  in  muscle  thickness  was  observed  after  the  intervention.

This  study  also  showed  an  increase  in  muscle  thickness  for  all

statistically  significant  for  the  clinical  condition  of  maximum  left  voluntary  contraction.  These

It  proves  to  be  positive  from  a  therapeutic  point  of  view.  The  application  with  reduced  intensity  compared  to  literary  

trends  (SAHIN;  UGURLU;  KARAHAN,  2011;  GÜN;  KARABOCE;

neuromuscular  and  promote  the  tissue  repair  process  safely  and  effectively  (BAKER  et  al.,  2001;  ROMERO-

MÉNDEZ  et  al.,  2021).  Thus,  the  present  study  contributes  to  the

YURDALAN,  2022)  promoted  favorable  responses,  such  as  a  decrease  in  spasticity  and  the

to  muscle  relaxation  and  decreased  tone.  These  effects  suggest  that  ultrasound  acts  as

evidencing  the  increased  electromyographic  activity  of  the  biceps  brachii,  suggesting  greater

length  of  the  medial  gastrocnemius  fascicles  compared  to  the  unaffected  side,  indicating

applied,  such  as  mode,  intensity,  and  exposure  time  as  described  by  Blackmore  et  al.

which  was  able  to  generate  significant  clinical  effects  even  with  a  reduced  energy  dose,  which

Consolidation  of  safer  and  more  efficient  therapeutic  approaches  that  prioritize  clinical  response.

The  findings  corroborate  those  of  Kamble  et  al.  (2024),  who  investigated  the  effect  of  dry  needling  on  muscle.

(2019).
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who  observed  that  individuals  with  spasticity  exhibit  a  reduction  in  muscle  thickness  and

physiological  effectiveness  while  simultaneously  reducing  the  risk  of  excessive  thermal  effects  and  injuries.

It  is  useful  in  cases  of  hypertonia,  spasms,  or  muscle  pain.  The  result  depends  on  the  parameters.

the  importance  of  individualizing  the  dose,  since  lower  intensities  can  maintain  the

returned  to  its  physiological  length  and  volume.  They  also  corroborate  with  Hong  et  al.  (2018)

Thus,  this  study  focuses  on  the  application  of  therapeutic  ultrasound.
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Muscle  tone  and  increased  muscle  thickness  due  to  muscle  tone.

This  study  was  the  number  of  studies  on  this  topic.

with  the  lowest  possible  level  of  energy  exposure.
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This  study  was  limited  by  its  small  number  of  participants,  however

The  vast  majority  of  them  present  with  heterogeneous  clinical  conditions.  Another  important  fact  that  limited

GAL,  OTA  et  al.  Clinical  outcomes  assessments  for  spasticity:  review,  critique,  and  recommendations.  Movement  
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GAO,  J.  et  al.  Quantitative  ultrasound  imaging  to  assess  the  biceps  brachii  muscle  in  chronic  post-stroke  spasticity:  
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BLACKMORE,  J.  et  al.  Ultrasound  neuromodulation:  a  review  of  results,  mechanisms  and  safety.

References

left.  Observing  a  clinical  trend  of  spasticity  control,  seen  by  the  decrease  in

AMATYA,  B.;  KHAN,  F.;  SONG,  K.;  GALEA,  M.  Effectiveness  of  non-pharmacological  interventions  for  spasticity  

management  in  multiple  sclerosis:  a  systematic  review.  Annals  of  Rehabilitation  Medicine,  vol.  48,  no.  5,  p.  305-343,  

Oct.  2024.  DOI:  10.5535/arm.240064.  Available  at:  https://pubmed.ncbi.nlm.nih.gov/39497494/.  Accessed  on:  April  30,  

2025.

Available  at:  https://pubmed.ncbi.nlm.nih.gov/39629752/.  Accessed  on:  April  30,  2025.

1940,  2018.  Available  at:  https://doi.org/10.1016/j.ultrasmedbio.2017.12.012.  Accessed  on:  May  1,  2025.

GÜN,  N.;  KARABOCE,  B.;  YURDALAN,  SU  Investigation  of  therapeutic  ultrasound  dose  on  muscle  phantom:  an  

experimental  study.  Clinical  and  Experimental  Health  Sciences,  vol.  12,  p.  594-

86922012000500012.  Accessed  on:  April  21,  2025.

Ultrasound  in  Medicine  &  Biology,  v.  45,  no.  7,  p.  1509–1536,  2019.  DOI:  https://doi.org/10.1016/

j.ultrasmedbio.2018.12.015.

HARB,  A.;  MARGETIS,  K.;  KISHNER,  S.  Modified  Ashworth  Scale.  In:  STATPEARLS.  Treasure

BAKER,  KG;  ROBERTSON,  VJ;  DUKE,  M.  The  effect  of  therapeutic  ultrasound  on  skeletal  muscle  regeneration:  Part  

I.  A  review  of  the  literature.  Ultrasound  in  Medicine  &  Biology,  v.  27,  no.  2,  p.  219–229,  2001.

Final  Considerations

When  conducting  a  clinical  study,  the  difficulty  in  recruiting  patients  is  well  known,  since  in

Muscle  tone  in  individuals  with  neurological  disorders,  as  observed  in  electromyography  by

601,  2022.  DOI:  10.33808/clinexphealthsci.950896.

Right  isotonic  condition  and  ultrasound  imaging  under  maximum  voluntary  contraction  condition.

ARTIFON,  EL  et  al.  Effects  of  therapeutic  ultrasound  associated  with  static  stretching  on  longitudinal  histomorphometric  

parameters  of  immobilized  rat  soleus  muscles.  Brazilian  Journal  of  Sports  Medicine,  v.  18,  n.  5,  p.  341–344,  2012.  

Available  at:  https://doi.org/10.1590/S1517-

Therapeutic  ultrasound  applied  acutely  was  able  to  significantly  alter  the

Machine Translated by Google

https://pubmed.ncbi.nlm.nih.gov/39497494/
https://doi.org/10.1590/S1517-86922012000500012
https://doi.org/10.1016/j.ultrasmedbio.2018.12.015
https://doi.org/10.1590/S1517-86922012000500012


This  article  is  published  in  open  access  under  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  

medium,  provided  the  original  work  is  properly  cited.

RCMOS  –  Multidisciplinary  Scientific  Journal  The  Knowledge.
ISSN:  2675-9128.  São  Paulo-SP.

KORELO,  RIG;  SILVA,  LC  da.  Combined  therapy  (ultrasound  and  transcutaneous  electrical  stimulation)  improves  pain  and  

functional  limitation  after  cesarean  section:  a  randomized  clinical  trial.

JAIN,  S.;  MARGETIS,  K.;  IVERSON,  LM  Glasgow  Coma  Scale.  In:  STATPEARLS.  StatPearls  Publishing,  2025.

MONAGHAN,  K.  et  al.  Physical  treatment  interventions  for  managing  spasticity  after  stroke.

2024. Available  at  

https://www.portalreabilitacao.com.br/espasticidade/.  Accessed  on:  April  29,  2025.

Journal  of  Athletic  Training,  vol.  37,  no.  3,  p.  293–299,  2002.

JOHNS,  LD  Nonthermal  effects  of  therapeutic  ultrasound:  The  frequency  resonance  hypothesis.

HONG,  MJ  et  al.  Quantitative  assessment  of  post-stroke  spasticity  using  neurophysiological  and  radiological  tools:  a  pilot  

study.  Annals  of  Rehabilitation  Medicine,  vol.  42,  no.  3,  p.  384–395,  2018.  DOI:  10.5535/arm.2018.42.3.384.

LONGO,  BP  Ultrasound:  what  we  know  so  far.  Revista  Saúde  em  Foco,  2017.  Available  at:  https://portal.unisepe.com.br/

unifia/wp-content/uploads/sites/10001/2018/06/016_ultrassom.pdf.
Accessed  on:  March  29,  2025.

MARTINEZ,  C.  et  al.  Interaction  of  gender  and  body  composition  on  rectus  femoris  morphology  as  measured  with  

musculoskeletal  ultrasound  imaging.  Sports  Health,  vol.  6,  no.  5,  p.  451–456,  2014.  DOI:  10.1177/1941738114539450.

Curitiba:  Federal  University  of  Paraná,  2020.  Available  at:  https://

ensaiosclinicos.gov.br/rg/RBR-6wq24d.  Accessed  on:  November  4,  2025.

MEYER,  PF  et  al.  Therapeutic  ultrasound:  fundamentals,  clinical  applications  and  safety.  Brazilian  Journal  of  Health  

Sciences,  2012.

REHABILITATION.

ROMAN,  N.  et  al.  Physiotherapy  efficiency  in  post-stroke  upper  extremity  spasticity:  TENS  vs.  ultrasound  vs.  ultrasound  

paraffin.  In  Vivo,  v.  37,  no.  3,  p.  916–923,  2023.  DOI:  10.21873/invivo.13163.

in:

SAHIN,  N.;  UGURLU,  H.;  KARAHAN,  AY  Efficacy  of  therapeutic  ultrasound  in  the  treatment  of  spasticity:  a  randomized  

controlled  study.  NeuroRehabilitation,  vol.  29,  no.  3,  p.  287-294,  2011.  DOI:

Island  (FL):  StatPearls  Publishing,  2025.  Updated  April  4,  2025.  Available  at:  https://www.ncbi.nlm.nih.gov/books/

NBK554572/.  Accessed  on:  October  7,  2025.

Year  V,  v.2  2025  |  Submission:  11/15/2025  |  Accepted:  11/17/2025  |  Publication:  11/19/2025

HE,  J.  et  al.  Quantitative  assessment  of  spasticity:  a  narrative  review  of  novel  technologies.  Frontiers  in  Neurology,  vol.  14,  

p.  1121323,  2023.  Available  at:  https://www.frontiersin.org/articles/

10.3389/fneur.2023.1121323/full.  Accessed  on:  April  30,  2025.

Cochrane  Database  of  Systematic  Reviews,  vol.  2017,  no.  2,  CD009188,  13  Feb.  2017.  DOI:  

10.1002/14651858.CD009188.pub2.

PORTAL  Spasticity.

ROMERO-MÉNDEZ,  R.  et  al.  Low-intensity  continuous  ultrasound  promotes  tissue  repair  and  reduces  muscle  stiffness:  a  

systematic  review.  Journal  of  Rehabilitation  Research  and  Development,  vol.  58,  n.  4,  p.  745–753,  2021.

KAMBLE,  SN  et  al.  Immediate  effect  of  ultrasound-guided  dry  needling  on  soleus  muscle  spasticity  in  stroke  survivors.  

Cureus,  vol.  16,  no.  6,  e62251,  12  jun.  2024.  DOI:  10.7759/cureus.62251.

Machine Translated by Google

https://portal.unisepe.com.br/unifia/wp-content/uploads/sites/10001/2018/06/016_ultrassom.pdf
https://ensaiosclinicos.gov.br/rg/RBR-6wq24d
https://www.ncbi.nlm.nih.gov/books/NBK554572/
https://www.frontiersin.org/articles/10.3389/fneur.2023.1121323/full


This  article  is  published  in  open  access  under  the  Creative  Commons  Attribution  license,  which  permits  unrestricted  use,  distribution,  and  reproduction  in  any  

medium,  provided  the  original  work  is  properly  cited.

RCMOS  –  Multidisciplinary  Scientific  Journal  The  Knowledge.
ISSN:  2675-9128.  São  Paulo-SP.

(short  head  and  long  head).  Available  at:

DOI:  10.1093/pm/pny224.

10.3233/NRE-2011-0713.
Year  V,  v.2  2025  |  Submission:  11/15/2025  |  Accepted:  11/17/2025  |  Publication:  11/19/2025

SANTOS,  AKO;  COSTA,  JS;  ABREU,  EMC.  Physiotherapy  in  spasticity  reduction:  a  literature  review.  In:  17th  Latin  
American  Scientific  Initiation  Meeting;  13th  Latin  American  Postgraduate  Meeting;  8th  Latin  American  Junior  

Scientific  Initiation  Meeting,  2023,  São  José  dos  Campos.  Proceedings  [...].  São  José  dos  Campos:  Paulista  

University,  2023.

SENIAM.  Biceps  brachii  https://

seniam.org/bicepsbrachii.html.  Accessed  on:  May  1,  2025.

SAVOIA,  A.  et  al.  Non-invasive  body  contouring  by  low  frequency  ultrasound:  a  clinical  study.  The  Open  

Reconstructive  and  Cosmetic  Surgery  Journal,  vol.  3,  p.  11-16,  2010.  Available  at:  https://doi.org/

10.2174/1876976401003010011.  Accessed  on:  May  2,  2025.

SANTANA-RODRÍGUEZ,  N.  et  al.  Pulsed  ultrasounds  reduce  pain  and  disability,  increasing  rib  fracture  healing,  in  

a  randomized  controlled  trial.  Pain  Medicine,  vol.  20,  no.  10,  p.  1980–1988,  2019.

260,  2012.  DOI:  10.4322/rbeb.2012.025.

VERDUZCO-GUTIERREZ,  M.  et  al.  AAPM&R  consensus  guidance  on  spasticity  assessment  and  management.  

PM&R,  vol.  16,  no.  5,  p.  1–24,  May  2024.  DOI:  10.1002/pmrj.13211.

SILVA,  DD  da  et  al.  Resistance  to  movement  and  electromyographic  activity  of  elbow  flexor  and  extensor  muscles  

in  spastic  hemiparetic  patients  undergoing  cryotherapy  and  neuromuscular  electrical  stimulation.  Brazilian  Journal  

of  Biomedical  Engineering,  v.  28,  n.  3,  p.  248-

WILSON,  JTL  et  al.  Improving  the  assessment  of  outcomes  in  stroke:  use  of  a  structured  interview  to  assign  grades  

on  the  modified  Rankin  scale.  Strokes,  vol.  33,  p.  2243–2246,  2002.

Xie,  T.  et  al.  Mapping  of  spastic  muscle  activity  after  stroke:  difference  between  passive  stretch  and  active  

contraction.  Journal  of  NeuroEngineering  and  Rehabilitation,  vol.  21,  no.  102,  2024.  DOI:  https://doi.org/10.1186/

s12984-024-01376-z.

SINGLA,  D.  et  al.  Reliability  of  electromyographic  assessment  of  biceps  brachii  and  triceps  brachii  in  cricketers.  

Journal  of  Chiropractic  Medicine,  vol.  17,  no.  3,  p.  151-159,  Sep.  2018.  DOI:  10.1016/j.jcm.2018.04.001.

Machine Translated by Google

https://seniam.org/bicepsbrachii.html
https://doi.org/10.2174/1876976401003010011
https://doi.org/10.1186/s12984-024-01376-z

