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HEHAN x| M2 LI &A1 Objectives This study reviewed clinical research trends on Rehabilitative Ultrasound
1710 5D Sto|nihat srxpEto|stnfstn4l  Imaging (RUSI) in South Korea and explored its potential use in Korean medicine.
27\ Myskn Stofmithst sietA R AlmslnAl - Methods A scoping review was conducted using the Arksey and O’Malley
371MOyst Sto|nCst Holnt mAl framework. Five Korean databases were searched for studies published up to April
30, 2025. Eligible studies were selected through predefined criteria, and key data
Jung-Sik Park, K.M.D., Ph.D.", were extracted and analyzed.
Sung-Youl Choi, K.M.D., Ph.D.2 Results Sixteen studies were included. Most were observational or single—group
Na-Yoen Kwon, KM.D., Ph.D.3, experimental studies involving healthy adults. Some included older adults or patients
Yun-Kyung Song, K.M.D., Ph.D."* with musculoskeletal or neurological conditions. Major research topics included
"Department of Korean Neuropsychiatry, measuring muscle thickness during exercises, assessing the reliability of ultrasound
College of Korean Medicine, Gachon measurements, and using RUSI as a biofeedback tool. A few studies combined RUSI
ZU”'VerS'tV . with other treatments, such as electrical stimulation or spinal manipulation.
Department of Korean Obstetrics and Conclusions RUSI is actively used in Korean rehabilitation research to assess mus—

| Il f K Medici . . : . . . ) . .
g;zﬁgg ng{vg;iteyge of Korean Medicine, cle function and guide exercise. Although its clinical value is recognized, high—quality

3Department of Korean Rehabilitation trials are limited, and its application in Korean medicine remains minimal. Further re—
Medicine, College of Korean Medicine, search is needed to standardize methods and expand its use in integrative clinical
Gachon University settings.
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Fig. 1. Flow chart of trials selection process.
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Table I. Baseline informations of included studies

First author Year

Journal

Title

Design

Jang EM_2023"
Lim JY 2021

Lim CG_2020"
Shin JH_2020'9

Choi MS_2019'"

Song WB_2018'®
Cho JE 2018"

Jeong JR 2017%
Nam SJ 20172"

Hahn JH 2017%
Kim TH_ 2016
Jeong JR 2015

Lee HJ 2014%

Back SO 2014%

Kim JS 2014*"

Kwon NH_2011%®

PNF and Movement

Korean Soc Phys
Med

Korean Soc
Integrative Med

Phys Ther Rehabil
Sci

Phys Ther Rehabil
Sci

Korean Orthopedic
Manual Phys Ther

Phys Ther Rehabil
Sci

Phys Ther Rehabil
Sci

Phys Ther Korea

Phys Ther Rehabil
Sci

Phys Ther Rehabil
Sci

Korean Soc Phys
Med

Korean Soc Phys
Med

Annals of Rehabil
Med

Korean Neural
Rehabil

Korean Soc Phys
Med

A Comparison of Gluteus Maximus Muscle and Biceps Femoris Muscle Thickness
According to Weight Load during Prone Hip Extension with Knee Flexion Exercises

Reliability study of the Pectoralis Minor Muscle Thickness Measurement using
Rehabilitative Ultrasound Imaging

Change of Muscle Thickness on Exercise Type of Core Stabilization in Aged
Men

The effects of two different visual feedback exercise tools based on rehabilitative
ultrasound imaging in the elderly

Reliability and validity of rehabilitative ultrasound images obtained using a
hands-free fixed probe in measuring the muscle structures of the tibialis anterior
and the gastrocnemius

Comparison of Multifidus Thickness Change During Contralateral Arm Lift(CAL)
in Patients with Chronic Low Back Pain and Normal Adults

Use of real-time ultrasound imaging for biofeedback of diaphragm motion during
normal breathing in healthy subjects

Reliability of rehabilitative ultrasound imaging for measuring the gluteus maximus
muscle at rest and during contraction

Effects of Diaphragmatic Breathing Training Using Real-time Ultrasonography
on Chest Function in Young Females With Limited Chest Mobility

The reliability of dual rehabilitative ultrasound imaging measurements for muscle
co-activation

Changes of abdominal muscle thickness during stable and unstable surface bridging
exercise in young people

The Study of Asymmetrical of the Serratus Anterior and Lower Trapezius Muscles
in Chronic Stroke Patients

Comparison of Muscle Architecture of Lower Extremity using Rehabilitative
Ultrasound Image in Young Adults: a Comparative Study of Muscle Cross-sectional
area of Lower Extermity of Seoul and Hanoi in Vietnam

Activations of Deep Lumbar Stabilizing Muscles by Transcutaneous Neuromuscular
Electrical Stimulation of Lumbar Paraspinal Regions

Effects of Diaphragmatic Breathine Exercise Using Real-time Ultrasound Imaeine
on Diaphragm Thickness, Pulmonary Function and Functional Lower Extremity
Ability in a Patient With Upper Cervical Spinal Cord Injury

The Use of Real-Time Ultrasound Imaging for Feedback during Abdominal
Hollowing

Cross sectional study

Interrater reliability
study

Cross sectional study

Cross sectional study

Interrater reliability
study

Case control study

Randomised
controlled trial

Cross sectional study

Randomised
controlled trial

Cross sectional study

Cross sectional study
Cross sectional study

Cross sectional study

Cross sectional study

Single subject design

Randomised
controlled trial
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Fig. 2. Study design of selected studies.
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Table IL Summary of Sample and Intervention

First author Year

Sample Size

Sample Characteristic

Intervention

Methods

Jang EM_2023"

Lim JY 2021

Lim CG_2020"

Shin JH_2020'9

Choi MS_2019'"

Song WB_2018'®

Cho JE 2018"

Jeong JR 2017%

Nam SJ 20172"

Hahn JH 2017%

Kim TH_ 2016

Jeong JR 2015

Lee HJ 2014%

Back SO 2014%

Kim JS 2014*"

Kwon NH_2011%®

23 healthy male

15 healthy adults
(male8/
female7)

29 elderly male

24 elderly persons
(male5/
female19)

33 healthy adults
(male20/femalel3)

16 CLBP patients
(male8/female8),
16 healthy adults
(male8/female8)

30 healthy adults
(13 male,
17 female)

22 healthy males

26 young females

36 healthy adults
(male23/
femalel3)

40 healthy youths
(malel9/
female21)

35 stroke patients
(male20/
femalel5)

60 healthy adults
(Seoul 30/
Hanoi 30)

20 healthy males

1 cervical SCI patient

30 healthy males

Age in 20s—30s, no musculoskeletal
issues

Age in 21-28, no upper body
pathologies

Age in 65-80, outpatient population
from rehabilitation center

75.00£5.03 years,
community-dwelling, randomly
assigned to 3 intervention groups

22.00+2.75 years,
no lower limbs pathologies

16 CLBP patients(30.38+5.20 years)
and 16 healthy adults(28.31+5.16
years), matched demographics

Age in 24-33, no history of
respiratory issues, randomized into
experimental and control groups

No musculoskeletal issues, university
students

21.7+0.5 years, limited chest wall
mobility, no pulmonary disease,
randomized into experimental and
control groups

Age in 20s—30s, comfortable seated
posture, no upper extremity conditions

Age in 18-28, 40 healthy youths
no history of back pain, randomly
assigned to 2 intervention groups

52.45+11.64 years, chronic stroke
patients with hemiplegia

Seoul(malel8/femalel2, 22.3+1.53
years), Hanoi(malell/femalel9,
22.7+2.2 years), no musculoskeletal
issues

Age in 24-32, physically active
young adult males, no history of
trunk injury

16.5 year, male patient with upper
cervical spinal cord injury,
single-subject design

No abdominal pathology, randomized
into experimental (22.47+1.85 years)
and control (21.8744.03 years)

PHEKF with Okg, lkg,
2kg load

RUSI for PM muscle
thickness

5 core stabilization
exercises

MVIC training with 3
visual feedback types

Hands-free vs
conventional probe

CAL test with RUSI

Breathing with verbal
vs visual+verbal
feedback

Measure Gmax at rest
and contraction

RUSI-assisted vs
normal diaphragm
training

D-RUSI for BB &
TB muscles

Bridge on stable vs
unstable surface

Compare affected vs
unaffected side

Compare muscle
architecture

NMES of lumbar
paraspinal

RUSI-assisted
diaphragm training

AHE with vs without
RUSI feedback

Prone hip extension with knee flexion under
Okg, lkg, 2kg sandbag loads

Ultrasound imaging measurement at two
anatomical points for PMm thickness,
repeated by two raters

Five core stabilization exercise types
performed once per subject

Maximal voluntary isometric contraction
of quadriceps under 3 feedback conditions
(oral, US image, bar graph)

Muscle thickness and pennation angle
measured using both fixed and conventional
ultrasound probes

Contralateral arm lift test in prone position
to measure multifidus activity in CLBP
vs control

Diaphragmatic breathing exercises with or
without real-time US visual feedback (10
reps)

Gluteus maximus thickness measured during
rest and contraction for reliability analysis

30-minute diaphragmatic breathing training
using US feedback vs non-feedback, pre-post
chest mobility assessed

Simultaneous BB and TB thickness measured
at rest and during co-contraction using Dual
RUSI

Bridge exercises on stable vs unstable
surfaces with knee flexion at 60° and
90°, 10s hold

Ultrasound measurements of SA and LT
muscle thickness on affected/unaffected
sides in stroke patients

Cross-sectional muscle architecture
measured in lower extremities of Korean
and Vietnamese subjects

Transcutaneous NMES applied to L4-L5
region at 20/50/80 Hz; LM and
abdominal muscles measured via RUSI

Diaphragmatic breathing exercises in
single-subject A-B-A’ design with US
feedback

Abdominal hollowing exercise with vs
without real-time US feedback; TrA, IO,
EO measured

RUSI: Rehabilitative Ultrasound Imaging, CLBP: Chronic Low Back Pain, PHEKF: Prone Hip Extension with Knee Flexion, Gmax: Gluteus
Maximus, BF: Biceps Femoris, PMm: Pectoralis Minor Muscle, TrA: Transversus Abdominis, 10: Internal Oblique, EO: External Oblique, BB:
Biceps Brachii, TB: Triceps Brachii, SA: Serratus Anterior, LT: Lower Trapezius, NMES: Neuromuscular Electrical Stimulation, LM: Lumbar
Multifidus, MVIC: Maximal Voluntary Isometric Contraction, US: Ultrasound, SCI: Spinal Cord Injury, CAL: Contralateral Arm Lift
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Table IIL Summary of Measurement and Statistics

First author Year Measurement Subject of Measured Purpose of Analysis

Jang EM_ 2023 B-mode, Gmax, BF Analyze Gmax and BF thickness changes under
linear probe 0/1/2kg load

Lim JY 2021'% 7.5 MHz Pectoralis Minor Reliability analysis of pectoralis minor measurement
linear probe
Depth: 40 mm

Lim CG_2020" B-mode, EO, 10, TrA Comparison of abdominal thickness by exercise type
inear probe

Shin JH_2020'? 7.5 MHz Quadriceps Comparison of muscle thickness and activation by
linear probe feedback type
Depth: 50 mm

Choi MS_2019" 7.5 MHz TA, MGCM Comparison between fixed and conventional probes
linear probe

Song WB_2018'" Linear probe Multifidus Comparison of multifidus differences between CLBP

patients and healthy individuals
Cho JE 2018" Linear probe, Measured Diaphragm Evaluation of short-term and retention effects of visual

between ribs

Jeong JR 2017'9 B-mode

Nam SJ 2017'" Linear probe, Measured

Gluteus Maximus

Diaphragm, Chest

feedback

Comparison of gluteus maximus thickness during
contraction and relaxation

Respiratory changes with vs without visual feedback

between ribs circumference

Hahn JH 2017'® Dual linear probe, BB, TB Reliability analysis of Dual-RUSI measurement
Simultaneous measurement

Kim TH 2016" 7.5 MHz EO, 10, TrA Analysis of abdominal muscles by bridge
linear probe Abdominal posture/surface condition
measurement

Jeong JR 2015% Linear probe, SA, LT Asymmetry and reliability analysis in stroke patients
Standardized anatomical
landmarks

Lee HJ 2014*" 7.5 MHz RE, TA, MGCM Comparison of lower extremity muscle structure: Seoul

linear probe

Linear probe, Post-NMES
thickness measurement

Back SO 20147

Kim JS 2014® Linear probe
Kwon NH_2011* Linear probe, During AHE  TrA, 10, EO
measurement

LM, TrA, OI, OE

Diaphragm, FEV1, STS

vs Hanoi

Muscle thickness changes by NMES frequency

Training effect changes in upper cervical SCI patient
TrA, EO, 10 changes with vs without feedback

RUSI: Rehabilitative Ultrasound Imaging, CLBP: Chronic Low Back Pain, PHEKF: Prone Hip Extension with Knee Flexion, Gmax: Gluteus
Maximus, BF: Biceps Femoris, NMES: Neuromuscular Electrical Stimulation, LM: Lumbar Multifidus, 10: Internal Oblique, EO: External
Oblique, TrA: Transversus Abdominis, TA: Tibialis Anterior, MGCM: Medial Gastrocnemius Muscle, SA: Serratus Anterior, LT: Lower
Trapezius, RF: Rectus Femoris, Ol: Obliquus Internus, OE: Obliquus Externus, BB: Biceps Brachii, TB: Triceps Brachi
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Table IV. Summary

of Outcome Measures and Results
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First author Year

Outcome Measures

Results

Jang EM_ 2023

Lim JY_2021'
Lim CG_2020"

Shin JH_2020'?

Choi MS_2019"
Song WB_2018'"
Cho JE 2018"

Jeong JR 2017'9
Nam SJ 2017'"

Hahn JH 2017'®

Kim TH_2016"
Jeong JR 2015%

Lee HJ 20142V
Back SO 20147
Kim JS 2014®

Kwon NH_2011*

Gmax, BF muscle thickness

PMm thickness
EO, 10, TrA thickness

Quadriceps thickness, activation

TA & MGCM MT/PA
Multifidus thickness
Diaphragm thickness

Gmax thickness

Diaphragm excursion, FVC, chest
expansion

BB, TB thickness & ICC

Abdominal muscle thickness

SA, LT thickness

CSA, thickness, angle of LE
muscles

LM, TrA, OI thickness

Diaphragm thickness, FEV1, STS

TrA, 10, EO thickness

Gmax thickness increased significantly with lkg and 2kg loads; BF thickness
decreased as load increased (p<.05)

Excellent intra- and inter-rater reliability for PMm thickness (ICC > .93, SEM < .097)

Crunch showed highest EO thickness; Bridge showed highest 10; TrA highest in
crunch (p<.05)

Graph feedback showed significantly higher muscle thickness and activity than other
methods (p<.05)

Strong reliability and validity between fixed and conventional probes (ICC > .93, r > .93)
CLBP group had reduced and asymmetric multifidus activation vs controls (p<.05)

Visual feedback group showed improved diaphragm activation during training but
limited retention effect

Gmax thickness increased significantly during contraction vs rest

US feedback group showed greater improvement in chest mobility and FVC (p<.05)

High reliability for BB and TB thickness during co-contraction using Dual RUSI
(Icc = .76)

10 thickness significantly increased at 90° bridge; no significant difference by surface type

SA and LT thickness significantly thinner on affected side; high measurement
reliability

Korean group had significantly greater CSA, thickness, and PA than Hanoi group
(p<.01)

All frequencies of NMES increased LM and abdominal muscle thickness significantly
(p<.05)

Diaphragm thickness, FEV1, and STS improved post-intervention and maintained
after follow-up

Feedback group showed greater TrA activation and reduced EO activation (p<.05)

Gmax: Gluteus Maximus, BF: Biceps Femoris, PMm: Pectoralis Minor Muscle, EO: External Oblique, 1O: Internal Oblique, TrA: Transversus
Abdominis, Quadriceps: Quadriceps Femoris, TA: Tibialis Anterior, MGCM: Medial Gastrocnemius Muscle, Multifidus: Multifidus Muscle,
Diaphragm: Diaphragm, FVC: Forced Vital Capacity, BB: Biceps Brachii, TB: Triceps Brachii, SA: Serratus Anterior, LT: Lower Trapezius, RF:
Rectus Femoris, CSA: Cross-Sectional Area, PA: Pennation Angle, LE: Lower Extremity, LM: Lumbar Multifidus, OI: Obliquus Internus, FEV1:
Forced Expiratory Volume in 1 Second, STS: Sit-to-Stand, NMES: Neuromuscular Electrical Stimulation, RUSI: Rehabilitative Ultrasound
Imaging, US: Ultrasound, SEM: Standard Error of Measurement, CLBP: Chronic Low Back Pain
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