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Study of the Effects of Sa-am Acupuncture on Upper Limb Spasticity in Patients with
Chronic Post-stroke Hemiparesis using Real-time Sonoelastography
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ABSTRACT

Objectives : To investigate the effects of Sa-am acupuncture on muscle architecture and elastic properties of the spastic
elbow flexor and to evaluate the correlation between clinical findings and parameters of real-time sonoelastography (RTS) in
patients with chronic post-stroke hemiparesis.

Materials and Methods : Seven patients (five males, two females) with chronic post-stroke hemiparesis were included.
Sa-am acupuncture of Ganseunggyeok (JHi5#%: LUS LR4 %, HT8 LR2 &) was applied to the unaffected side 3 times a week
for 4 weeks. During each acupuncture treatment period, patients were requested to exercise their affected arm. and spasticity
and functional recovery outcomes of the affected arm were evaluated before and after Sa-am acupuncture treatment. Clinical
outcomes were assessed using motricity index (MI), modified Ashworth scale (MAS), Fugl-Meyer assessment scale (FMA) and
modified Barthel index (MBI) for elbow flexor spasticity. RTS images indicate the relative hardness of the examined muscles
ranged from red (hard) to purple (soft) for color-scale, and from black (hard) to white (soft) for hue scale. Color and hue
histograms of the biceps brachii and brachialis were analyzed using Image J software, and median red, blue, and hue pixel
intensity were obtained.

Results : MI and FMA score significantly increased and MAS score significantly decreased (p<0.05). F-wave maximal
amplitude of affected abductor pollicis brevis significantly decreased (p<0.05). Muscle thickness of affected brachialis significantly
increased (p<0.05). Red and green pixel intensity of affected brachialis significantly decreased (p<0.05).

Conclusions : Our study revealed that Sa-am acupuncture is effective as a useful and safe treatment for spasticity in
chronic post-stroke hemiparesis.

Key words : stroke, spasticity, Sa-am acupuncture, Ganseunggyeok, Sonoelastography
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Table 1. General Characteristics of Patients. FA e Az gHE A AR 2577
Gender Affgcted Onset  Stroke type A8 & H7PI7E < AR kE B89 99 AE
/age  side A% 34 AE A T3 fAsA 94
Pt 2 WAL Lt A0 Dietion P ST AR AL ) R ey
atien .09.10 Infarction o -
Patint 3 F/45 Lt 20111014 Hemorrhage ~ ~sessment Seale 531 addgsy 42 =
Patient 4 M/68 Lt 20040307 Infarction 7kel7] $13 Modified Barthel Index. 7] %% =3
Patient 5 F/41 Rt  2011.05.20 Infarction 7Fe 2¥A¢] Modified Ashworth Scale. 47| 3
Patient 6 M/54 Lt  2005.06.26 Hemorrhage H7+2 98 Motricity IndexE ZA sl A7)A
Patient 7 M/40 Lt 2010.01.22 Hemorrhage el AAle ZA T 7AAF 74 (Synergy”, Medelec,
USA)E o] &3te] Al A 2] F/M vE 34
2) AA7NE shodeh. AAZE B E2ET A 259 At
(1) H&EF A A4AE g8 g5 JAA (Antares®, Simens, Germany)S o]-&-3}e] 2|
ol warfarine 5313 & 3A} stat Aol o3 & fBFZU I LS
(2) IA A A= F 224 Ao 9+ A} ol AldYsteh 535 Az 25T A
(3) 204 =]=ke] A} Image J Z273& o] g3ty o= $|BFLel 2
(4) 74, FANE 7bA Fhat o2 i} 2= 0 ghgt A 347 (colored
(5) Arg7], AAAS7E BA5 3z} pixel intensity)¢} M= 3}47}=(Hue pixel intensity)
(6) A5 Atz QA Frbh Brbsst o FRE SAzI AP AE A3 wsE
3z} ] w3l
(7) QAR 55 443 3) BAAz
(8) 71e} AlgdA7} & Aol BAgsdy & ARHR A3 AR 45 39 A7) HE A=,
3t At A7|A A A3 9 AAZE gAY 25310] ¥ 3o
)3k 24 SPSS version 10.0& ©]-8-3le] Wilcoxon
2. e Signed Ranks Test® 7R3}, p-value 0.05 1]
D A8 Ade 9 X swy Thl A5 BAA 7946 e Aoz dds)
A= AR A (EA LUS, % ek
LR4 i &% HTS, &7k LR2 )" Adste 2
Zol Al&sly, ELME 2 AEEMHEES AH-s) m. 24 =
gt A& 134 stainless steel B 33 (WA
TFAZ A, 02030 mm) e AHSEIA T, AAEE 4 MBIZ A1 ¢8F ML FMA. MAS 4= Ao =
FAF 33 3 AR agen $A ALE D = ggej 549 A2 RATHTable 2). B2
oz AAsad fR%: T 5 AA F0 AR MI A4t AFobd Kz A 401484 A
Ad g A =TS ASES S A g s Moz FMA A4e A A 268640
EE AdE AT Aledlen, 7E A s A Ag 9943002 o5 =751 3, MAS
= Ak, A2 A 22004 AR F LT S8 A
2) %7} shieh AlgH A A F MBI A4 22 3.0,
Bk A AL AE AR A AAS A gne 9e 56 S5 Ao} AEH Table 3).
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Table 2. Clinical Assessment of Affected Upper Extremity Before and After Acupuncture in Each Patients.

Clinical Scale Motricity Index (MI)

Fugl-Meyer Assessment
Scale (FMA)

Modified Ashworth
Scale (MAS)

Modified Barthel
Index (MBI)

Before After Before After Before After Before After
Patient 1 28 42 21 25 1+ 1 53 53
Patient 2 28 50 23 25 1+ 1 88 88
Patient 3 55 69 39 41 2 1+ 99 99
Patient 4 28 47 17 19 1+ 1 81 81
Patient 5 33 44 20 25 1+ 1 68 71
Patient 6 37 37 13 15 3 2 94 94
Patient 7 72 76 55 56 2 1+ 98 98

Table 3. Statistical Changes of Clinical Parameters
of Affected Upper Extremity Before and
After Acupuncture.

Before After

Parameters
acupuncture acupuncture

40.14£17.02  52.14+14.62*
26.86+14.86 29.43+14.23*

Motricity Index (MI)
Fugl-Meyer Assessment
Scale (FMA)
Modified Ashworth
Scale (MAS)
Modified Barthel Index
(MBID)

220¢111  L67+0.82*

83.00£17.11  83.4316.70

Values are mean *+ SD.
* p0.05 from Wilcoxon Signed Ranks Test, before vs
after acupuncture

A2 A 3 TR A2 Fot
& ALdg YA A
(Table 4). EAALZE
st Zbol7t glglevt Bt
5}71] 2= 9 ek Table 5).

Table 4. F Wave Parameters of Affected Abductor
Pollicis Brevis Before and After Acupuncture
in Each Patients.

F-wave F-wave

amplitude  amplitude .

Parameters (nﬁean) (mzfximal) F/M ratio
(mV) (mV)

Before After Before After Before After
Patient 1 04 04 06 05 0.058 0.061
Patient 2 0.7 0.2 1 0.3 0075 0.016
Patient 3 18 16 24 21 0282 0238
Patient 4 06 04 08 05 0.049 0.036
Patient 5 09 08 1.3 12 031 0.157
Patient 6 11 07 1.6 1 0127 0.082
Patient 7 03 04 05 05 0029 0.037

Table 5. Statistical Changes of Electrodiagnostic
Parameters of Affected Abductor Pollicis
Brevis Before and After Acupuncture.

Before After

Parameters p-value
acupuncture acupuncture

F-wave

amplitude 0.83 051 0.66+0.48  0.078
(mean) (mV)

F-wave

amplitude 1.17£0.67  0.87+0.63  0.027*
(maximal) (mV)

F/M ratio 0.13£0.12  0.09£0.08  0.063

Values are mean * SD.
* p<0.05 from Wilcoxon Signed Ranks Test, before vs
after acupuncture



2SI A B2 QBRI 19 A JeRich 82 BTN E 79 BE AR A
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Table 6. Muscle Thickness and Pennation Angle of Affected Biceps Brachii and Brachialis Before and
After Acupuncture in Each Patients.
Affected Biceps Brachii Affected Brachialis
Parameters ~ Muscle thickness (mm) Pennation angle (°) Muscle thickness (mm) Pennation angle (°)
Before After Before After Before After Before After

Patient 1 6.02 9.29 9.91 9.8 20.1 2091 141 15.58
Patient 2 7.94 8.79 10.98 10.28 21.55 22.02 14.06 17.61
Patient 3 9.29 8.62 9.57 9.58 16.97 20 13.37 10.83
Patient 4 b) 7.9 4.03 10.38 21.02 2477 11.68 16.3
Patient 5 3.48 4.89 7.62 8.33 12.8 16.34 15.18 12.27
Patient 6 11.01 7.9 11.55 8.60 16.87 16.52 16.99 16.53
Patient 7 6.97 10.23 9.0 10.64 22.32 22.95 1597 21.6

Table 7. Statistical Changes in Muscle Thickness and Pennation Angle of Affected Biceps Brachii and
Brachialis Before and After Acupuncture.

Affected Biceps Brachii Affected Brachialis
Parameter Before After Before After
p value
acupuncture acupuncture acupuncture acupuncture
Muscle thickness (mm)  7.10£2.57 8.12+1.72 0.31 18.80+3.41 20.50+3.17 0.028*
Pennation angle (°) 9.02+£2.53 9.67+0.88 0.57 14.48%1.75 15.82£3.53 0.310

Values are mean *+ SD.
*0.05 from Wilcoxon Signed Ranks Test, before vs after acupuncture

p value

§ RHZEIPOEE B3 ARERAT A pasilent el AT 3% A
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Table 8. Color and Hue Sonoelastography of Affected Biceps Brachii and Brachialis Before and After
Acupuncture in Each Patients.

Affected Biceps Brachii Affected Brachialis

Red pixel Green pixel Blue pixel Hue pixel Red pixel Green pixel Blue pixel Hue pixel

intensity  intensity  intensity  intensity  intensity  intensity  intensity  intensity
Before After Before After Before After Before After Before After Before After Before After Before After
Patient 1 126.97 127.59 145.77 151.01 134.21 119.25 122.39 83.53 137.15 129.62 159.3 150.04 141.18 121.02 116.72 88.10
Patient 2 129.92 123.80 149.81 133.68 116.77 132.89 81.57 130.62 137.86 145.82 157.47 145.51 128.28 109.63 88.54 63.32
Patient 3 144.49 145.56 166.67 163.66 134.11 124.37 79.98 69.64 143.81 135.75 171.70 161.15 140.70 134.54 93.44 93.26
Patient 4 147.15 137.97 160.21 157.24 126.13 129.64 70.23 80.60 161.41 138.56 160.34 156.58 141.35 125.44 95.82 88.36
Patient 5 129.80 137.76 144.85 146.68 139.16 122.33 145.91 82.73 149.14 134.35 131.75 160.43 131.75 145.36 74.38 115.36
Patient 6 149.53 129.32 149.53 145.69 132.13 135.78 101.56 128.52 152.47 136.94 136.38 167.43 136.38 136.51 76.93 92.88
Patient 7 141.33 135.23 141.33 137.74 123.33 108.69 84.14 83.09 136.23 131.24 126.98 156.58 102.27 105.85 84.14 67.22

Table 9. Statistical Changes in Color and Hue Sonoelastography of Affected Biceps Brachii and Brachialis
Before and After Acupuncture.

Affected Biceps Brachii Affected Brachialis

Parameter Before After Before After
acupuncture  acupuncture acupuncture  acupuncture

Red pixel intensity = 135.89+7.79  133.89+7.44 0.40 145.44+9.42 136.04+5.32 0.063
Green pixel intensity 151.17+9.06  147.96+10.46 0.24 163.82£5.66  155.49+8.13* 0.018*
Blue pixel intensity = 129.40£7.69  124.70+9.18 0.398 135.23+6.23  125.48+14.46 0.091
Hue pixel intensity  100.56+26.59  94.10+24.70 0.735 90.00+£14.21 80.9317.48 0.499

Values are mean *+ SD.
* X0.05 from Wilcoxon Signed Ranks Test, before vs after acupuncture

p value p value

Fig. 1. Color sonoelastography of biceps brachii before and after acupuncture.
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Fig. 2. Color sonoelastography of brachialis before and after acupuncture.
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Fig. 4. Hue sonoelastography of brachialis before and after acupuncture.
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