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Effect of a Specific Rehabilitation Program of Serratus Anterior and
Lower Trapezius Muscles for Subacromial Impingement Syndrome on
Subacromial Space and the Vascularity of Supraspinatus Tendon

Eunkuk Kim, Hokyung Choi

Department of Physical Education, Korea National Sport University, Seoul, Korea

Purpose: This study was designed to assess the effects of a rehabilitation program on clinical symptoms, subacromial
space parameters and the supraspinatus vascularity in individuals with subacromial impingement syndrome (SIS).
Methods: Thirty-five participants (exercise group with SIS [EG]=11, non-exercise group with SIS [NEG]=10, control
group [CG]=14) took part in this study. Only EG participated in 6-week rehabilitation program. Outcomes were
evaluated at baseline, 6 weeks, and 10 weeks. Changes in symptoms and functional limitations were assessed
using Shoulder Pain and Disability Index (SPADI) questionnaire. Changes in acromiohumeral distance (AHD) and
supraspinatus tendon thickness (STT)/AHD were assessed using ultrasonographic measures. Quantitative analysis
of tendon blood flow was performed by determining four regions of interest with power Doppler quantification and
analysis software to normalize data for interpretation of the mean ratio of colored pixel to the region of interest
(vascularization index [VI]) and the intensity per pixel (flow index [FI]).

Results: Following the rehabilitation program, the scores on SPADI were significantly improved (p <0.05). However,
AHD, STT/AHD, VI, and FI indicated no significant difference within groups or interactions of time and group in
between groups.

Conclusion: The rehabilitation program yielded improvements in symptoms, but not in subacromial parameters and
the vascularity of supraspinatus in participants with SIS.
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Table 1. Characteristics of participants

SPADI= o7l 53 7|54 &5 H=E B7iste
M 859 B2 2A 2R5, 55 BL AL
55 4ES 2t vH 202 P4 91 7154 2%
?‘= T LIRAZANA 7S ARg3te Hl A= ol
£ 9Ulele 871R] B8t o 2 LA E o] Itk Cronbach a=
095)". Ag3t 370l et B71E AT 250 AE 3-12
MHz AA| 7t A% ©ZZHHDI11XE; Philips Medical System,
Bothell, WA, USA)E o|&3}%th CGol| ti3t AA: 24
(dominant) 070 ThaA AlBetPr RE ZHL AXA}
B A BRE 9X 2H Ad2 A%ssc

ZAFA 9] LFH|(supraspinatus tendon thickness [STT])E &4
7] 93l WAL veel e Ha Az FE9E g
Fefelld A Bi AR S e AW 2 WA 52
5 270 d Y= AAA 253 BEAE 41
T3 (short axis) WeFo] EH=5 of7)e] Hwef i, 44
o] %= A5(long head of biceps tendon)7} ﬂo?}fﬂgi FA9
ﬁ“ﬂ"ﬂ Yo =g oF AefolN gEAY 71=7]1E 245

419 Hd FA7E 4 7T AH =SS ARst,

]oo
1o Hn

oxl

+ Lengthssss(ds

X Length -~ 0.432 cm

@ Length # 1.50cm - -
a Length# 0:440-cm™
Alength 2:00 ol

» Length 0

Fig. 1. Measurement of supraspinatus tendon.

Variable EG (n=11) NEG (n=10) CG (n=14)
Sex (male : female) 11:0 6:4 10: 4
Age (yr) 23.54+1.50 22.70+1.82 23.78+2.72
Height (cm) 177.81+4.02 168.50+7.91 170.07+£9.35
Weight (kg) 74.72+8.45 63.10+£6.27 66.85+10.36
Dominant (right : left) 9:2 9:1 13 : 1

Values are presented as meanzstandard deviation.

EG: exercise group, NEG: non-exercise group, CG: control group.
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Fig. 3. QLAB analysis of power Doppler ultrasound of su-
praspinatus tendon.
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Effect of a Specific Rehabilitation Program of Serratus Anterior and Lower Trapezius Muscles for

Fig. 4. Rehabilitation program. (A) Robbery exercise for lower trapezius. (B) Lawn mower exercise for lower trapezius. (C)
Low exercise for lower trapezius. (D) Inferior glide exercise for lower trapezius. (E) Prone shoulder flexion at 135° abduction
for lower trapezius. (F) Push—-ups with a plus for serratus anterior.

Table 2. Comparison of Shoulder Pain and Disability Index score between groups at baseline and after rehabilitation program

) ) Within group Group xtime
Variable Group Baseline 6 Weeks 10 Weeks (F/p) (F/p)
Total score EG (n=11) 30.02+19.63 16.47+£8.07+ 8.33+8.07x " 12.231/0.014 3.261/0.060
NEG (n=10) 27.82+23.85 40.51+36.26 53.00+19.80 0.895/0.528

CG (n=14) 18.57+£16.17 22.57+16.83 14.75+19.27" 1.210/0.311
F/p 1.207/0.312 2.052/0.104 6.352/0.012
Pain index EG (n=11) 35.64+17.73 20.00+10.54* 12.67+8.82% T 13.908/0.001 3.137/0.058
NEG (n=10) 29.40%21.29 37.00+29.69 62.00+14.14 1.197/0.471
CG (n=14) 20.57+17.58 20.91+13.78 17.00+17.577 0.965/0.373
/o 2.039/0.147 2.015/0.156 9.236/0.003
Disability index EG (n=11) 4.214+5.59 2.13£2.19 1.60+1.34" 2.333/0.147 2.896/0.068
NEG (n=10) 5.36+6.99 10.13£10.97 17.60+£10.18 0.934/0.517
CG (n=14) 3.20£4.30 5.53+5.99 5.00+8.78" 0.688/0.519
F/p 0.440/0.648 2.656/0.092 3.840/0.049

Values are presented as meanzstandard deviation.

EG: exercise group, NEG: non-exercise group, CG: control group.

*p<0.05, compared to baseline;
% HBE Y3 0714 2 £502 FHSAL, 22t
o8 52 153 HHES 3 N ER FAJste] & 3N ES 3
s Zeagos 9384 657 AAsHATkFig 4).
5. At2 X2
2 dqA E4" HeEY E2E ] Y6
Kolmogorov-Smirnov 4 AA|3tH 1L, ZE Hevt A4 Y

7Hd ol WHE3}od (p>0.05), IBM SPSS ver. 21.0 (IBM Corp.,
Armonk, NY, USA) 54 Z2I3S o83 7lesAE
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Tp<0.05, compared to NEG.
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Table 3. STT and AHD according to arm position

SISLOLL, BGoIA] 63:7b0) e 2213 Aol w2
AAZ ol 221 A48 Aurt 44 45 W 223

42 ol O3 avh Qoih T2 F2 4% 5o
WE 249 Aol 2 MO, B3], EGS CGE NEGHT}
SPADIZH WA Lpebidek. A% A= % B3 EGolA] 6371
ALY Aol WE GOl A4S Vo), T2 A
Auch A48 AF W Z2IY F2 45 Fo $9F gavt

=4 O
ekt AR HEY £33 )% A% BE Z2ad S8

. ) Within group  Groupxtime
Variable Group Baseline 6 Weeks 10 Weeks (F/p) (/)
STT (mm) EG (n=11) 6.11+£0.74 6.28+0.71 5.57+0.67 3.279/0.080 0.434/0.783
NEG (n=10) 5.284+1.01 5.78+1.10 6.27+1.27 0.730/0.580
CG (n=14) 5.34+0.82 5.71£1.79 5.66+0.55 0.572/0.576
F/p 3.308/0.051 0.478/0.626 0.865/0.442
AHD at 0° (mm) EG (n=11) 12.53+2.16 12.12+2.80 12.63+2.56 0.418/.670 0.755/0.563
NEG (n=10) 12.934+3.06 13.78+3.06 13.70+£0.98 0.130/0.885
CG (n=14) 11.93+3.57 12.76+3.20 12.08+2.92 1.176/0.334
F/p 0.327/0.724 0.536/0.592 0.419/0.666
AHD at 30° (mm) EG (n=11) 9.824+2.22 9.67+2.27 9.73+0.84 0.027/0.973 912/0.471
NEG (n=10) 10.49+4.43 11.12+4.42 8.76+0.26 2.540/0.282
CG (n=14) 8.40+3.41 9.22+3.01 9.24+2.59 0.161/0.852
F/p 1.175/0.322 0.713/0.501 0.205/0.817
AHD at 45° (mm) EG (n=11) 8.17+1.73 8.06+1.48 7.91+£1.26 0.165/0.850 1.141/0.358
NEG (n=10) 6.84+2.03 7.72+1.86 7.19+£1.95 2.851/0.260
CG (n=14) 7.07+£2.96 7.51+£2.34 8.41+2.60 2.050/0.161
F/p 0.967/0.391 0.176/0.840 0.288/0.754

Values are presented as meanzstandard deviation.
STT: supraspinatus tendon thickness, AHD: acromiohumeral distance, EG: exercise group, NEG: non—exercise group, CG:
control group.

Table 4. The ratio of STT/AHD according to arm position

. . Within group GroupXtime
Variable Group Baseline 6 Weeks 10 Weeks (£/p) (F/p)
STT/AHD at 0° (%) EG (n=11) 50.29+11.24  54.13+£14.12 45.24+8.73 1.378/0.296 412/0.798
NEG (n=10) 42.08+9.11 43.08+9.90 45.61+£5.97 211/0.826
CG (n=14) 48.79+17.16  47.28+17.78 47.91+7.31 0.090/0.915
o 1.101/0.345 1.045/0.368 0.236/0.793
STT/AHD at 30° (%) EG (n=11) 65.20+15.10  70.24+27.79 57.38+7.03 0.726/0.508 0.461/0.764
NEG (n=10) 58.45+24.54  57.01£17.79 71.44+£12.36  1.789/0.359
CG (n=14) 70.94+24.33  67.83+£28.94 63.94+11.14 0.288/.0.574
F/p 0.950/0.397 0.486/0.621 1.686/0.221
STT/AHD at 45° (%) EG (n=11) 77.25+14.46  78.93+14.35 71.21+£9.70 0.222/0.805 1.125/0.365
NEG (n=10) 80.90+17.57  76.94+15.89 88.12+6.33 3.420/0.226
CG (n=14) 85.01+£29.06  82.55+33.23 71.19+£15.98 2.031/0.164
F/p 0.378/0.688 0.109/0.897 1.384/0.283

Values are presented as meanzstandard deviation.
STT: supraspinatus tendon thickness, AHD: acromiohumeral distance, EG: exercise group, NEG: non—exercise group, CG:

control group.
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4% 0] ek 749] Aol g BYOw, B3] BGY (G NEGH.
% £33 7% AR B 2A tEpdthTable 2)

2. 4S5 SZhof| dist & == g3t

B oA AAR} 7F STT 9 AHD 24 9] AR} 7H
A FE(CCr)E 0.81-098% T} STTE EGOl|A 6.11+0.74 mm
0] 13 NEGO| A& 5.28+1.01 mmo] o CGAl AL 534+
0.82 mmo|louh, FAXH LR AT Zol= §lATHp=0.051).
A =233 AE A EGY AHD+= 0°, 30°, 4594 22}
12.53+2.16 mm, 9.82+2.22 mm, 8.17+1.73 mmo] ¢, NEG=
12.93£3.06 mm, 10.49+4.43 mm, 6.84+2.03 mmo] 2.1, CG=
11.93+3.57 mm, 8.40+3.41 mm, 7.07+2.96 mmo] oL}, EAA

o7 golakz Agom(0°, p=0.724; 30°, p=0.322; 45°,
p=0.391), EG2] STT/AHD H| &% (°, 30°, 45°0]| A 2+ 50.29%
11.24%, 65.20%=15.10%, 77.25%+14.46%0] )1, NEG:
42.08%9.11%, 58.45%+24.54%, 85.01%+29.06%0] %121, CG
L 48.79%17.16%, 70.94%+24.33%, 85.01%£29.06%0] %2
U, AHLE FY8kA] FTHO’, p=0.345; 30°, p=0.397;
45°, p=0.688). AT T2 IS A|YP3 EGYF A otA] P
NEG % CGojlA A =298 250} 43 Fof Z43F AHDL}
STT/AHD H]-&2 T2 I3 AL A3} v|wste () 30°, 45°0] A
B A 79 A7IE fo3 Wt 2 JeAg anvt
A A THTables 3, 4).

Table 5. The QLAB analysis of power Doppler ultrasound in bursal lateral region of supraspinatus tendon

Variable Group Baseline 6 Weeks 10 Weeks Within group (£/p) Groupxtime (£/p)
VI (%) EG (n=11) 0.41£0.70 0.48+2.31 0.54+1.67 1.323/0.313 1.562/0.214
NEG (n=10) 0.65+1.29 0.58+1.04 0.65+4.22 0.908/0.531
CG (n=14) 0.69+1.21 0.75+1.55 0.61+2.03 0.139/0.936
F/p 0.221/0.803 0.235/0.792 2.806/0.083
F EG (n=11) 4.89+0.60 4.88+0.52 4.90+0.63 4.005/0.340 0.260/0.901
NEG (n=10) 4.97+0.61 5.06+0.61 5.36+1.17 0.076/0.969
CG (n=14) 4.9440.54 5.15+0.53 5.17+0.52 1.718/0.190
F/p 0.047/0.954 0.619/0.547 0.104/0.901
VFI EG (n=11) 0.02+0.03 0.07+0.12 0.08+0.08 1.399/0.291 1.584/0.235
NEG (n=10) 0.03+£0.07 0.0440.05 0.2340.23 0.911/0.530
CG (n=14) 0.03+0.06 0.0440.08 0.0540.11 0.193/0.900
F/p 0.204/0.817 0.250/0.781 2.953/0.074

Values are presented as meanzstandard deviation.
VI: vascularization index, EG: exercise group, NEG: non-exercise group, CG: control group, Fl: flow index, VFI:

vascularization flow index.

Table 6. The QLAB analysis of power Doppler ultrasound in articular lateral region of supraspinatus tendon

Variable Group Baseline 6 Weeks 10 Weeks Within group (£/p) Groupxtime (F/p)
VI (%) EG (n=11) 0.44+0.78 0.64+1.11 0.88+1.20 0.322/0.809 0.285/0.885
NEG (n=10) 0.42+0.53 0.58+1.00 0.79+1.66 1.000/0.500
CG (n=14) 0.43+0.72 0.38+0.67 0.55+0.79 0.190/0.902
F/p 0.418/0.662 0.205/0.816 2.784/0.085
F EG (n=11) 4.70+0.45 4.64+0.60 4.89+0.64 4.039/0.134 1.156/0.353
NEG (n=10) 4.784+0.47 4.31+£0.75 4.91+0.99 0.669/0.625
CG (n=14) 4.584+0.44 4.77+0.45 4.86+0.52 1.072/0.380
F/p 0.544/0.586 1.400/0.265 0.080/0.923
VFI EG (n=11) 0.02+0.04 0.03+0.06 0.05+0.06 0.157/0.923 0.239/0.914
NEG (n=10) 0.01£0.02 0.0340.05 0.1140.09 1.000/0.500
CG (n=14) 0.03+0.05 0.01+0.03 0.0240.04 0.464/0.710
F/p 0.567/0.573 0.274/0.762 2.391/0.116

Values are presented as meanzstandard deviation.
VI: vascularization index, EG: exercise group, NEG: non-exercise group, CG: control group, Fl: flow index, VFI:
vascularization flow index.
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Table 7. The QLAB analysis of power Doppler ultrasound in bursal medial region of supraspinatus tendon

Variable Group Baseline 6 Weeks 10 Weeks Within group (F/p) Groupxtime (F/p)
VI (%) EG (n=11) 0.39+0.50 0.43+£2.25 0.59+0.70 1.149/0.369 1.235/0.324
NEG (n=10) 0.45+1.03 0.62+0.95 0.75+2.03 1.000/0.500
CG (n=14) 0.33+0.61 0.71£1.39 0.70£1.33 0.593/0.625
F/p 0.143/0.867 0.355/0.705 1.266/0.303
F EG (n=11) 4.57+0.58 4.56+0.64 4.8240.45 3.417/0.053 3.061/0.081
NEG (n=10) 4.82+0.66 4.80+0.66 4.92+0.75 0.503/0.707
CG (n=14) 4.61+0.55 4.9840.51 4.70+0.59 2.944/0.053
/o 0.518/0.601 1.238/0.307 0.263/0.772
VFI EG (n=11) 0.01£0.02 0.06£0.12 0.02+0.03 1.064/0.401 1.315/0.301
NEG (n=10) 0.02+0.05 0.03£0.04 0.09+0.10 1.000/0.500
CG (n=14) 0.01£0.03 0.03+0.06 0.03+0.70 0.564/0.644
F/p 0.168/0.846 0.408/0.669 1.282/0.298

Values are presented as meanzstandard deviation.
VI: vascularization index, EG: exercise group, NEG: non-exercise group, CG: control group, Fl: flow index, VFI:

vascularization flow index.

Table 8. The QLAB analysis of power Doppler ultrasound in articular medial region of supraspinatus tendon

Variable Group Baseline 6 Weeks 10 Weeks Within group (/)  Groupxtime (£/p)
VI (%) EG (n=11) 0.50+0.58 0.66+0.64 0.74+1.27 0.470/0.709 2.444/0.072
NEG (n=10) 0.66+1.58 0.36+0.48 0.96+0.65 0.810/0.567
CG (n=14) 0.24+0.31 0.50£0.60 0.36%+0.56 0.426/0.736
/o 0.642/0.533 0.546/0.586 0.788/0.468
Fl EG (n=11) 4.42+0.43 4.46+0.38 4.51+0.51 1.533/0.257 1.583/0.209
NEG (n=10) 4.47+0.56 4.524+0.43 4.64+0.45 0.417/0.754
CG (n=14) 4.37+0.41 4.55+0.42 4.48+0.55 1.306/0.295
F/p 0.130/0.879 0.120/0.888 0.132/0.877
VFI EG (n=11) 0.02+0.02 0.03£0.03 0.03£0.07 0.474/0.706 3.209/0.074
NEG (n=10) 0.03+0.08 0.0140.01 0.04+0.02 0.857/0.549
CG (n=14) 0.01£0.01 0.0240.02 0.01£0.02 0.296/0.828
F/o 0.726/0.492 0.724/0.495 0.582/0.568

Values are presented as meanzstandard deviation.
VI: vascularization index, EG: exercise group, NEG: non-exercise group, CG: control group, Fl: flow index, VFI:

vascularization flow index.
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