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Objectives This study aims to comprehensively review research utilizing ultrasonography
for assessing manipulative treatment on spinal diseases, with the goal of promoting the
wider integration of ultrasound imaging into clinical practice.

Methods A systematic search was conducted on three international databases (Embase,
PubMed, Cochrane) up to July 23, 2023. The search included key terms such as ultra-
sonography, manipulation, and skeletal muscle. The inclusion criteria narrowed down
the selection to studies specifically related to lumbar and cervical vertebrae.

Results Eleven studies were included in the review, with 10 focusing on lumbar verte—
brae and one on cervical vertebrae, all employing spinal manipulation treatment. Among
the 11 selected studies, nine primarily focused on ultrasound imaging to measure mus—
cle thickness, while two utilized shear wave elastography to assess muscle stiffness.
Also, rigorous measures were taken to ensure the reliability of the ultrasonography data.
Conclusions This scoping review highlights the limited but growing evidence support-
ing the use of ultrasonography to assess manipulative treatment for spinal diseases.
Despite a scarcity of studies in South Korea, it is crucial to recognize the potential of
ultrasonography in becoming a widely used and practical tool for evaluating the effec—
tiveness of manipulative treatments in the near future. (J Korean Med Rehabil 2024;
34(1):11-22)
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Studies initially identified
(n=1372)

PubMed (n=814)
Embase (n=418)
Cochrane Library (n=140)

#{ Duplicated (n=261)
\ 4
Studies after duplication
removed (n=1111
ved ( ) Studies excluded (n=1054)
Not sonography used as diagnosis
OR
q Not musculoskeletal diseases
" OR
Not manual therapy with performer’s physical aid
OR
y Not clinical trial
Studies screened
(n=57)
‘( Studies excluded (n=46)
L Not spinal disorders
A

Studies included in review
(n=11)

Fig. 1. A flow chart of publication selection process.

Table L. Executive Summary of 11 Studies Selected

First author
(year)

Brenner?
(2007)

Raney”
(2007)

Study  Sample size/disease Intervention Main outcome
. o Results
design (condition) (E group/C group) measure
Case 33-year-old male  Regional 1. Lumbar multifidus 1-1. L4-5 levels (at rest [cm]—during arm-lifting
report with a 21-year manipulation for thickness task [cm])
history of LBP L5-S1 and L4-5 - Premanipulation: 2.65—2.80
- Immediately postmanipulation: 2.68—3.23
- 24 hours postmanipulation: 2.53—3.19
1-2. L5-S1 levels (at rest [cm]—during arm-lifting
task [cm])
- Premanipulation: 2.65—2.71
- Immediately postmanipulation: 2.56—2.95
- 24 hours postmanipulation: 2.51—2.88
Case 9 patients with LBP Supine lumbopelvic 1. NPRS 1. NPRS: 5.3-3.1
series less than 16 days  manipulation 2. Transversus 2. Transversus abdominis thickness
and no abdominis thickness (premanipulation [mm]—postmanipulation [mm])
symptoms below 3. Internal oblique - At rest: 9.5—8.9
the knee thickness - During abdominal drawing-in maneuver:

5.9—6.8

3. Internal oblique thickness (premanipulation
[mm]—postmanipulation [mm])

- At rest: 3.6—-3.1

- During abdominal drawing-in maneuver:
12.6—12.3

www.e-jkmr.org 13
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Table 1. Continued

First author Study  Sample size/disease
(year) design (condition)
Konitzer® Case 19 patients with
(2011) series LBP who meet at
least 3 of the 4
criteria for the
lumbar
stabilization
clinical
prediction rule
Fritz” Case 48 patients
(2011) series
Byers” RCT 42 healthy
(2011) individuals

Intervention
(E group/C group)

3 consecutive
sessions with
spinal
manipulation
treatment

3 consecutive
sessions with
spinal
manipulation
treatment

Randomly selected
out of below by
each group

. Prone lumbar non
thrust
mobilization

2. Side-lying lumbar

thrust
manipulation

3. Supine

lumbopelvic
thrust
manipulation

—_

Main outcome
measure

1. NPRS

2. ODI

. Transversus
abdominis thickness

4. Internal oblique
thickness

W

. Global stiffness

. Terminal stiffness

. Zero-order
correlations

4. ODI

W N =

1. Lumbar multifidus
thickness

Results

1. NPRS mean difference

Premanipulation to postmanipulation: -1.63*

Premanipulation to second session: -1.21%*

2. ODI mean difference

- Premanipulation to second session: -7.05*

3. Transversus abdominis thickness (at rest

[mm]—contracted [mm])

Premanipulation to postmanipulation: 0.09—0.30

Premanipulation to second session: 0.03—0.31

4. Internal oblique thickness (at rest [mm]—
contracted [mm])

- Premanipulation to postmanipulation: 0.51—0.27

Premanipulation to second session: 0.49—0.21

1. Global stiffness (premanipulation [mm]—
postmanipulation [mm])

Session 1: 5.6—5.4*

Session 2: 5.5—-5.4*%

Session 3: 5.4

2. Terminal stiffness (premanipulation [mm]—
postmanipulation [mm])

Session 1: 4.3—3.9%

Session 2: 4.3—4.0*

Session 3: 4.1

3. Zero-order correlations

Initial terminal stiffness and immediate change
in LM recruitment (r=-0.29)

Initial terminal stiffness and sustained change in
LM recruitment (r=-0.34)

Immediate change in LM recuirtment and CPR
status (r=0.30)

4. ODI

Session 1: 32.2%

Session 2: 26.2*

Session 3: 23.9*

1-la. Prone lumbar non thrust mobilization
(premanipulation [mm]—postmanipulation
[mm])
- At rest: 3.436—3.465
- During abdominal drawing-in maneuver:
3.504—3.538
1-2a. Side-lying lumbar thrust manipulation
- At rest: 3.397—-3.423
- During abdominal drawing-in maneuver:
3.456—3.511
1-3a. Supine lumbopelvic thrust manipulation
- At rest: 3.414—3.434
- During abdominal drawing-in maneuver:
3.469—3.489
1-1b. Prone lumbar non thrust mobilization
(premanipulation [mm]—postmanipulation
[mm])
- At rest: 3.483—3.487*
- During prone upper extremity lifing task:
3.848—3.847
1-2b. Side-lying lumbar thrust manipulation
- At rest: 3.441—-3.455
- During prone upper extremity lifing task:
3.791—3.843
1-3b. Supine lumbopelvic thrust manipulation
- At rest: 3.451—-3.574
- During prone upper extremity lifing task:
3.796—3.835

14 ] Korean Med Rehabil 2024;34(1):11-22.
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Table 1. Continued
First author Study  Sample size/disease Intervention Main outcome Results
(year) design (condition) (E group/C group) measure
Koppenhaver'®  Case 78 participants with 3 consecutive 1. Correlation 1. Increase in contracted LM muscle thickness and

(2011) series LBP sessions with 2. Lumbar multifidus improved disability (p=0.02)
spinal thickness 2. Change from baseline (immediatedly after SMT
manipulation 3. Transversus [mm]—3~4 d after SMT [mm]—1 wk after initial
treatment abdominis thickness SMT)

change - LM L4-5 during contralateral arm raise (CAL):
4. Internal oblique 0.08—0.64*—0.21
thickness change - LM L5-S1 during contralateral arm raise (CAL):
0.05—0.55—0.12
3. Change from baseline (immediatedly after SMT
[mm]—3~4 d after SMT [mm]—1 wk after initial
SMT)
- During abdominal drawing-in maneuver:
-0.28*—-0.05—-0.06
- During straight leg raise (ASLR):
-0.08—0.09—0.08
4. Change from baseline (immediatedly after SMT
[mm]—3~4 d after SMT [mm]—1 wk after initial
SMT)
- During straight leg raise (ASLR):
-0.51*—0.00—-0.23
Koppenhaver'?  Case 73 participants with 3 consecutive 1. Correlation with 1. 4 variables (all p<0.15)

(2012) series LBP sessions with lumbar multifidus - Acute low back pain (most strongly associated)
spinal thickness change - No pain with posterior-to-anterior pressure to L5
manipulation - Positive straight leg raise (ASLR) test
treatment - Symptoms that centralize rather than

peripheralize with repeated lumbar extension
Snider' RCT 60 patients with  E: Osteopathic 1. Correlation with 1. BMI correlated with SPSIS (r=0.5, p=0.001), SBP

(2018) LBP manipulative bony landmarks (r=0.6, p<0.001) but not SSD (1=0.2, p=0.24)
treatment for 20 2. Direction of change 2-1. Increase in asymmetry (SPSIS/SBP/SSD) (No.
minutes (n=20) in asymmetry [%])

Cl: Seated for 30 3. Total change in E: 13 (65)/9 (45)/10 (50)
minutes (n=20) asymmetry Cl: 15 (75)*/8 (40)/13 (65)
C2: Walking a C2: 7 (35)/12 (60)/13 (65)
defined indoor 2-2. No change in asymmetry (SPSIS) (No. [%])
route for 5 E: 0 (0)
minutes (n=20) Cl: 1 (5
C2: 2 (10)
2-3. Decrease in asymmetry (SPSIS/SBP/SSD) (No. [%])
E: 7 (35)/11 (55)/10 (50)
Cl1: 4 (20)/12 (60)/7 (35)
C2: 11 (55)/8 (40)/7 (35)
3. Absolute asymmetry change (SPSIS/SBP/SSD) (mm)
E: 3.0/3.0/4.0
Cl: 4.6/4.0/4.0
C2: 3.1/4.0/3.8
Gao'® Case 1. 20 patients with Osteopathic 1. Total TART score 1. Total TART score
(2020) series LBP manipulative 2. SWV: relaxation (premanipulation—postmanipulation):
2. 9 age-matched treatment (m/s) 6.55+2.18—2.03+1.68*
healthy 3. SWV: contraction 2. SWV: relaxation
volunteers (m/s) (premanipulation—postmanipulation):
4. SWV rate 1.83+0.28—1.58+0.3*
3. SWV: contraction
(premanipulation—postmanipulation):
3.2740.69—4.14+0.88*
4. SWV rate (premanipulation—postmanipulation):
0.82+0.55—1.74+0.79*
Buran Girak® RCT 30 patients with  E: Real SNAG 1. Multifidus stiffness 1. Multifidus shear elastic modulus (kPa)
(2021) nonspecific LBP  group (n=15) by group (premanipulation—postmanipulation)
C: Sham SNAG 2. Erector spinal E: 39.8+1.4—36.2+2.5*
group (n=15) muscles stiffness by  C: 40.3+5.5—39.83+4.20*

group

2. Erector spinal muscles shear elastic modulus
(kPa) (premanipulation—postmanipulation)

E: 26.843.4522.1+2.1*

C: 23.1£5.2522.94+3.6*

www.e-jkmr.org 15
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Table 1. Continued

First author Study  Sample size/disease Intervention

(year) design (condition) (E group/C group)

Sillevis'? Case 55-year-old female, 6 visits of manual
(2021) report suffering from therapy

cervicogenic
headaches since
the age of 18

Main outcome Results
measure
1. Physical 1. Physical examination data (1 visit—6 visit)
examaination data - NDI: 48—6
- HDI: 60—8

Cerv rot right: 65—78

Cerv rot left: 55—75

Flexion rot right: 38—42

Flexion rot left: 22—44

MSK US: +right positional default+C5-C7 right
facet hypomobility—symmetrical motion
assessment lower cervical spine bilaterally
Palpation for position: (+) right rot
6/10—symmetrical positioning atlas 1/10
Neck pain (VAS): 75 mm—8 mm

DNF: 3/5 poor endurance test 8 seconds—
endurance 69 seconds

LBP: low back pain, NRPS: numeric pain rating scale, ODI: Oswestry disability index, LM: lumbar multifidus, CPR: clinical prediction rules,
RCT: randomized controlled trial, SMT: spinal manipulation therapy, CAL: contralateral arm raise, ASLR: active straight leg raise, BMI: body
mass index, SPSIS: skin to the posterior superior iliac spine, SBP: sacral base position, SSD: sacral sulcus depth, TART: tissue texture change,
asymmetry, restriction of motion and tenderness, SWV: shear wave velocity, SNAG: sustained natural apophyseal glides, NDI: neck disability
index, HDI: headache disability inventory, MSK US: musculoskeletal ultrasound, VAS: visual analog scale, DNF: deep neck flexor.

#p<0.05.
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Buran Cirak 5% Mulligan SNAG S-S %83

Fhko]l A5 Ao Z5o] AFA S(stiffness)7F &
SHA wroly oS B th Sham Mulligan SNAG 89S
283} control 1B X8 HTo 2§ AT o
gk zfol7} gtk ©]E 3l Mulligan SNAGY} 253

O

Category First author (year)
Brenner” (2007)
Raney” (2007)
Konitzer® (2011)
Fritz” (2011)

Byers” (2011)
Koppenhaver'” (2011)

Lumbar

Koppenhaver'” (2012)
1maging
Snider'® (2018)
a0'? (2020)
Buran Cirak® (2021)

Measurement & ultrasound utilization
L4-5, L5-S1 lumbar multifidus thickness by ultrasound imaging
Transversus abdominis, internal oblique thickness by ultrasound imaging
Transversus abdominis, internal oblique thickness by ultrasound imaging
L4-5 lumbar multifidus thickness by ultrasound imaging
L4-5 lumbar multifidus thickness by ultrasound imaging

Transversus abdominis, internal oblique, [4-5, L5-S1 lumbar multifidus thickness by
ultrasound imaging

Transversus abdominis, internal oblique, L4-5 lumbar multifidus thickness by ultrasound

Asymmetry between pelvic and sacral bony landmarks* by ultrasound imaging
L1-5 iliocostalis lumborum muscles stiffness by SWE (with a 9L4 linear array transducer)

Lumbar multifidus and erector spinal muslces stiffness by ultrasound SWE imaging (with

an Aixplorer Multiwave and a SL10-2 linear transducer)

Cervical  Sillevis'? (2021)

Distance between transverse process of Cl1 and C2, a diameter of the obliquus capitis

inferior muscle and cervical facet joint stiffness by ultrasound imaging

SWE: shear wave elastography.

*Pelvic and sacral bony landmarks calculated as SBP-SPSIS=SSD, SBP: skin to sacral base position, SPSIS: skin to posterior

superior iliac spine, SSD: sacral sulcus depth.
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23 Age] L7 R At 259 L85 9IF FAEY 2duE
o) 2% AR 55 L5 FFL 2 F UE T Zow»

{5 ﬂx]'? A2 o r BRsted X5 a9=
Raney 5 clinical pred1ct10n rule % 16 ©] OI-
=4 749 2 =2 olglo] 5= g2 F(2-predictor rule)
= IRue EH}\J—OE st SMTES =333tk
1 A3 SMT 38 2% TrA 52 ¥H3}E0] internal
oblique I0) TSRO Z1oH, F &8 EF atrestd] 4
2Tt ADIM 3 Al BT} 5 &5 FHE A
o} 3L NPRSE Fall BE A7 thidAte] 550] 5

AU AAEHASS BT

Koppenhaver 5102 2232 LM, TrA, 10 &5 57
£ 247 A6k 1 A, 75 A LMo A ST
°] 5 g3tel Gl oS gl 8 F F
= o5 A 7V F83E AARTO.
HEH Konitzer 5 A7 2-predictor rule®l] 333k

= A= Ao A A 2]SFH AL lumbar stabilization rule
Z7E 370 o] TEsl= 3RS oo 2 Al TrA
9} 10 59| W3S SMT ]33 o] % 9l 3-4Y o]59]
st ovt AR 3] #FoJgk xfolE k] XJ
o} o]g % 7 AT AT thdAbel wet SMT &7t
FolstAl YElstt). =3 Koppenhaver 5'Y-2 SMT2]

(

E*}ﬂ' 853 5 A9 E EAAE o] AEA
etz Aok 1 AR, 48 Fd A9 Ls A5
9] posterior-to-anterior ¥& ol 2|3 FFo] gL uj 7}
Z FA| lumbar multifidus 47} 78-S ER1SFA T
Fritz 392 2595 5% &5 7AE 343l E=
o] 71Al AR5 ARS3N L3 25 732 S(spinal stiffness)2]
Wt A SRS O AR, H5F AR e} 25 F
Al Q%1 218 s ABAES HAEaL, ok 82l ¢
3 SMT a3} vyehd 4= a2 AT Gao 59
A A7 T ZF AT FYsHAl Holx
ISR Sl 259 557} 371 A&
osteopathic manipulative treatmentX| &7} & X2 &
T otye} 59 Tsel® YEFS PIRe Flsith
olF Aot g, UAT dviTE
Byers 572 A $/F2 SMTS 33 A3} g SM
oA A5 M| L4-5 LM <52 77 ¥y ]’v«]d
A ggot 718 At glaS ASSHTh

ﬂ?i

A 718 2 SMTe] 59 7142 HEs] ezl
Zo] ¢l 21, neuroendocrine, mechanical neurophysiologic,
reflexogenic 59 THg WAUZFOE 11 95 AY
stal ok &, B33 a<lEel o8 A5 837} g
Us Zloz B 4 ok

SEAFE ZF STt} SMT o] $-9] E37} A= o]
shal, 745 duielS o ® & 77| S fofe
B} S AABHIE Aok o]H g A= Aol
Al AREE SMTY| 77 247] th2m, 7sAbrit <71
WHol th2m, ATt X5 7Ry 37T 2517 Wi
o Zlo|th. &3k BYE AT A B4, 259 =4
Al AT A Hshs AU Folxl 5 #A)|
9] Afolo] ZH Aol FIFe nH S Aotk 1%

Z1o o3t 54 Agh S5 o2 dfof 718
Wl A5 ads Suse O‘bxl"ﬂ sl A|<&5A 21
ATE T3l AFdhe Zlo] ddHeE T Zlojth

S - L M O]Q“ = Ale 017‘49] =
T712%1 7% vl ®Bop Aol i
A A ZAE s bl f8stth iﬂoﬂﬁ
o] &8-S AV RS ET A AARE 25
s %L%g]'*‘ 23 AGued Sy e & 3]'93
o} FAF o7 L3} o|u|X|E F3f 14-5, L5-S1
TrA, 10, obliquus capitis inferior muscle 52 —rﬂlg =
Aokt =gk, Sk gl JAw FH| FEo] v
AAS ZA3AU C1/C29] transverse process It AE
Q= &8sttt 3, GRS AHS &8

3 59 R E(stiffness) S TS3IATE TAF o=
L1-5 LM, iliocostalis lumborum muscles$} erector spinal

muscles®] =S AT}

—_—

CEof, 4% A57F 939 554 Fx oF, =
SHE % 4 Qo= oheFsk Ak 7 F S A
RS F83 #71aWY a9E UAERE AvEs
Aol o33 T8 Aol Sillevis 5172 253 4
B3 A A g S BEpHo R X8 85kt
718, 255 o]&sl 9% C5/C6%] F3do] Ad=

=Z}o]A] 2 %—% tglomn,

%£z102 $HFO| trans-
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2022 12€ oY ALl «2E )7
2 BEH oz Ags) AT A9 Bejska Aglel
3k4) ekgkeol WSt B gsle] BYLoR &
NlElE $ES dolils RS s B vt 3
Btk 1) ofPehm Beste delake] 283 21
©@717] A8l dholehs WS WRHY. o= 3 th
o A AIE Tl 75 AL 25yt 28 St
A=) sks A=A 9] g_% vjo] &80 3]._/] )7 ;q
59| o|dd Ffoll 719 ¢ AT vt 259 &
&3 U A7 vl AR Aol Aol 04?
T S7PF 283 Aot %70 o] Azl =
+HE AE5T ATE ALHoE A5 oF & Aotk

H4

op

oL ok rlr Fo XL

o N

7‘_:,5_%»»»

= H2dse) SN RolA AeHe 28} 2
SHke 28] ffste] =9 H]O]Ei #] o] 2> Embase,
PubMed®} CochraneE A3t & 137289 E3H S
W) A% 199 £EE WA, 1 3, 99
oA E 259 oJrAIE AR R VAR 59
259 7 W3l 9 FxEo vt 2= 1
Aol 5 ZASY 279 ERoIAE ARTEYS
ZJ*H(shear wave elastography)E 283l 3%9] A=
(stiffness) & HZ3IATE &4 A7 259 71ES 28
oz Aks kst A A 4718 ?‘]E il
¥l U Alon ST 5 938 290 U1

5 Aol 8 Al S REEAT AEES
Saasol & Aolo] 295k 1% A A oA
slefof @ Zloltk, G 295} )18 BEF ATE
E3) 3o)8tz X7 gxs MAPFo T By =

alshs e FFHoz Aol & Zlojtk

(<3
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Appendix 1. Search Query for Database

Database Search query

Embase, PubMed, Cochrane (ultrasound OR sonogram OR ultrasonography OR ultrason imaging OR sonography OR ultrasonic
OR echography OR ultrasonic testing) AND (chuna OR manual therapy OR manipulation) AND
(musculoskeletal OR skeletal muscle)
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