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The Correlation between Rounded Shoulder Angle, Scapular Downward Rotation
Ratio and Lower Trapezius Muscle Strength in Subjects with Scapular Downward

Rotation Syndrome
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Abstract
Background: This study was to investigate the rela-

tionship between scapular downward rotation ratio
(SDRR), lower trapezius (LT) muscle, and rounded
shoulder angle (RSA) on each side in subjects with
scapular downward rotation syndrome (SDRS).
Design: Cross-sectional Study

Methods: Fifteen subjects have participated in this
study. The RSA and SDRR were assessed using a
tape measure in standing posture. The RSA was com-
puted by the angle made by two lines: one was the
distance between the root of the scapula and the acro-
mion, and the other was the distance between the ac-
romion and the horizontal line in the root of the
scapula. The SDRR was computed by two horizontal
lines: one was the distance between the mid-line and
root of the scapula, and the other was the distance
between the mid-line and inferior angle of the
scapula. LT muscle strength was performed in a
prone position by the hand-held dynamometer.
Results: There was a positive correlation between
SDRR and LT strength in the less affected sides
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(r=.59; p=.02), however, there was no correlation be-
tween RSA and LT strength in the more affected
sides (p>.05).

Key words: lower trapezius, rounded shoulder angle,

scapular downward rotation ratio.
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I. A

rft

ANESH o179 75l A &3] B 5 9l Ao th(Ludewig®}t Reynolds, 2009). o] 7w 1]7 =
I} SE5FAEE G2l o 7)-$) 2w 2] S (scapulohumeral rhythm)ol %3-S =THMottram, 1997). 732191 o]
7w o] 2 o7 o] M5 AA o} 57} FaYstal 7FEE] JE Aol oF 3914 HolA Q1E wolth Eal
o7 = 2-7HA| W 2] 7}A]E7](spinous process) AFolell 1Bl QATE FEEE of 7w ko] mAg]r) = —7-01]
5° —?455 =9 Ho] 9131, o|u}H (frontal plane)oll 4] 30° &0 2 =¥ & o] §ltiKendall 5, 2005). o171 o}l

% (scapular downward rotation syndrome; SDRS)-> {7l 7}<5 ¥ (scapulothoracic joint)ol| A A= H] A
FER GAelA S & F thCaldwell 5, 2005). B o 7w o] 91X sk of7im Wi, &4,
A7l olfiE =7, 712 Y(tilting) 5 o= UERE 7 glom, ogfst HE &L B3 o)) T 7
o] 58, & 5 w9 oim f1ZEEe] Wl o3 Aol d3Fe FTHAzevedo 5, 2008;
Kang 5, 2015; Kendall 5, 2005; Lee 5, 2015; Sahrmann, 2002). o 7] o}gjZEd] S35 of7fm Hd &4
Z SF= o7 o} Z(inferior angle)©] ]Z}(superior angle)H.U} 5= Zrof| 717FaL of 7w 2 3= KA 2] (vertebral
border) 2} S Ale] o] A7} 7~8cm ©]8FE FobA A= AS Weth(Caldwell 5, 2007; Sahrmann, 2002). 2F-2
7} H(pectoralis minor)©| ©5%|H o 7w 7} 24 B} Al(anterior tilt)7} F Tk 12 Q1] A EES A5 &
FAA ot A LS oF3}A| 71t Sahrmann, 2010). oFel5A Et(lower trapezius)— SJ7|WE ¥, B3, 9%
=9 A7 ™ (Kendall 5, 2005), o7& o} = FA o] 7hm o] A H-& 4 3t3.(Neumann, 2002), o7 7}
(scapulothoracic joint)e A7 = T35t 93-S $tkDemey &, 2009; 7 %17, 2022). 54 o]2] Ht3
o7& T(levator scapula), WHH(rthomboid), %<5 (latissimus dorsi), 27t 52 o 71 of% =
o @5 oA E 1% 59 A7|e E5EQ AR S5 (serratus anterior), ©FelE A2
o 2 YEFITHChoi 5, 2015; Ha -5, 2016). o17lM ofj&=d S50 AE &2 dFo= 53 of
o] Aojs} 1o Wl 7)o, o] & Qlsf ojzel s Aol Ad 9 A 28 FH Y% FF
(Choi -5, 2014; Lee &, 2016). F& 0] &2 o, A4 4B & fsir e o7 91%=
7} 60" o) A sl|of shot 12t ofZim ol HEHIEL] dSolu oM A5 EHIES okshi= o 7 9]
=S AekshAl FThChoi 5, 2014; Lee 5, 2016). ©]21dt o 7w &=l R5E nAstr] 218 of 7w
ol ZEdFTTurol e A= AT 3o wpAu HLlelA o)z o] &¥l(elevation)O]H} E&
(adduction)= &3l HASHA Hw o= oot MRS F-ole T35 dfle® Agsh|E st
(Azevedo 5, 2008; Kang 5, 2015; Lee &, 2015). ¥ Wt o}y2} 7}A] 9] (supraspinatus), = - (rotator cuff) 2]
A4 4 9| 715555 (thoracic outlet syndrome), 217 2}, ¢ ojgh 1l Q)Zhw EQHY, HES, oS
Hh ARS8 B4 (acromioclavicular joint) &%, 17135 =% (shoulder impingement syn-
drome) J =4 glo] ¥ tk(Caldwell 5, 2007; Sharmann, 2002).

H Aol SAe] Sl Al Al ozl % AAREs Al SlE AR, S AR, ofi e Al e
8/ S (muscle activity) H] 2} o] 74 0 AAMAEE ok 197F U THKIm 5, 2021). 7]EA Tl A o)A
i S ZgAkel 9 A=’ ZAOA oS 125" MHste] TS FHOR SolS s S AAIST o7
W S AAkel B o g EolE = elA ARk E A e 8/ & H(ratio)E BluLg A,
TS vl S BAME EbeEA] 9 104 (45), 8 AAME S RESE 271(38) Bk e Al /ot
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(1444 H1} S7elolSo Balskqith B thE AqtellA ozl E5o] = tidAte | AA 5o 712t = (rounded
shoulder angle), ©1717d A}t %= (shoulder slope angle), ] 7] o}2] %5 H]-E(SDRR) 5 2] A2 4l ol 54| &
<, ke 283 slE A 2 o IAEA AT 2 %E}(Hwang 5, 2017). 71 AtolA Azt

&% # % (Visual Analogue Scale; VAS)$} “s<tol 7|2t e} oFS] ZFdaAI7y i, A TS H =g} of el Al B
o9 ol S93AATE sl o, o ol HmHn &2 OJEJ*C}J&&?%V} U THHwang 5, 2017). Ha
5(2016)9] ATollM = oldFEY T Al 67 1o oM % Ed EEe AT T, feAE

o ebEUe] £ Bl ooz gl B (clavicle)©] O A FAE A8k REaIE Lotttk Choi
5(2014)2] Aol A of 7w ofef & FH TH A AIN o ol EE & O
Z32 W AF EE 927 wlg- %3 YA ﬁﬂl{h 8201043} R el A OP%%%@N%XL‘EE AHE-
3}5 Aol o ® FAe= Ak Ql R R 2

Hul& o] A4 AhA o ek A FE5e A 1D‘r W}E‘r/‘i &= 04?~ 017/H““1 ol E¥ T FT(SDRS)
01]7417\1 obef SR T ol EY vlEe GHdAE LopraAl sl
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o] g MulEtme] AlEF 29l 20t YA 1283 o4 31e A5t A3 A A3 s
olafiatar A7~ Fro] Fo Aol At o 7w ol =7l T thdAke] A7 7]1F(inclusion) TF
2okt AlZbA o2 o] 7w 71X (spine of scapula), o1 7H# o}efjz} T12]an o) Zfw 917k-g HAFSIITE AA,
ol 7w 91 ztol vl 2 F=of of 7w ofef ko] A7t hgar, S, H S R e o) 7w Q1% EA 2] (medial bor-
der)7} 3inchol3Rl tId=E A7 3k thHa &, 2016). A} Al 2] 7] (exclusion) T2k 2ok} ) o] =4
o] & AT, & I BHA7FsHLATF 2000]8)F 1 A, Foll WAMHg(radiating pain)©] = A-F, HAF S,

the] do] Edx]o] o] Qe A+ A3 tHa 5, 2016).
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2. AAPEH

1) oj7jm o=+ H]%(scapular downward rotation ratio; SDRR)

o 7] ofefEEHul S uhete] Ho|ZE ZFolal th Aty 1 Skell A AnfEE Jhd|ete) A 1A
FAE Al A Qs AAE FHE F S ARIE A 24, "ol 5 o] &8t SA ATt Ak
oj 7w & FxeiA T28} T72] 7HA=71, o7 71A], o 7w ofefj o] glo] 25 3%313}*’ SRy /‘]'*0“3}0% A
ek ANE TH el #Fer =3S wl ¢79 7TMETE FAe] A3 A
Aol ﬂq olgld HX& vlFow Tl«] 7N E7] vkE |l 28] 7HAETE ST A # 017/113“1
7HAel AEAd Atele] AYE SAsHa, B g oz ofejztat A Alele] ARE SAHEH
[(A-B)/AxlOO]J 2 o7 olelE =n ] = A28 th(Fig 1.)(Choi et al. 5, 2014).

il

2) S20{7{Z(rounded shoulder angle; RSA)
o] = Bolu t)aA7} 1 ool A ARLEE Fhdglel AA 7-AL §-%] 3k Ao

, A o] g3t STt Al g2 ozl 712 9} 59~ (acromion) S
N3, B #h Aol EAIS A WS ol R ARESA ddelA 2 A

mlo
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£ 249830} kol ;st 5 o) Ao WuE ojolA] Az A7hE S W BAIAES) FolyAGH
o) W i {kE P, YUY OALS HA Y] ATl PAYS £ 2 HAPE 00047 A

ofgf) TAIEZY &8-S 5437 Y8te] 857 7](Commander muscle tester, JTECH Inc, USA)E AFH3-3131
ok oAb AR el tish A S S & ofmte] S thal JEY AAE FSE AEE 9 25 i
He 912 SRtk 22 &9 Fol HARPE 1AL, thdARe] el (radius)oll SO R S 7FekelaL, o]
W RS w7 flal] Wl E ofeff TAIE TS weA AR dE R S8 ThFig 3.)(Kendall &, 2005).

Fig 1. Measurement of scapular downward rotation ra-

tio: (A) distance between mid-line and root of the scapula,
(B) distance between mid-line and inferior angle of the
scapula.
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Fig 2. Measurement of rounded shoulder angle: (A) distance between the root of the scapula and the acromion, (B) the

distance between the acromion and the horizontal line in the root of the scapula.

A S i

Fig 3. Measurement of lower trapezius muscle strength

o olehHEHNIE, FoNE 123 oheh SAR e ZHMEE o8] Shapiro-Wilk test S o] &3}
& S, wEEe e Bitgel falth e s 5 e R dotny] 3

EA AL PASW software ver. 18.0 (SPSS, Chicago, IL, USA) AFEEFAI AL ol p=.052 2SS T
=X (power analyses)s 913l G*power ver. 3.1 0] 83131 A AT} 73T 7] (effect size)= .58°]
(power):> 80%% = A9 thAdA; 1582 S-Skt
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m. 2 3

2 AT A F 15 E JA 12880%), 914 37(20%)01StE A uldAEe] H AHS
o

234742584, Ht AEL 70.67+10.8kg, Ht A S 174.07+6.8cme] LT},

2. ol7jt oraHfé%%'ul-%, Zo{7hzt, olSM =2

o7le] o7 ol E AN &, Ftol 2, ol AR S 2] WrEL uA TR ESAT(=05). 2 7
O] V1252 T3t 3ETHTable 1) oA L) W8 oA Apole] ] AV EA

0% §o)8Hl UEFETH=59; p<.05)(Table 2).

Table 1. Descriptive statistics for variables (N=15)
Variables Mean SD
SDRR 16.57 12.37
RSA (°) 42.11 13.70
Strength (N/kg) .53 11

RSA=rounded shoulder angle, SD=standard deviation, SDRR=scapular downward rotation ratio, LT=lower tra-

pezius muscle

Table 2. Results of Spearman correlation (N=15)
Variables SDRR (r) P
LT Strength .59 .02
RSA 24 38

*p<.05, RSA=rounded shoulder angle, SD=standard deviation, SDRR=scapular downward rotation ratio,

LT=lower trapezius muscle

WAAE e 9910] B al(Lee 5, 2016), Bl 7lE S5 AR,
B S-S oFsAAITKPage 5, 2010). 0]
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F35o] ®th(Page 5, 2009).

oj 7w ofgfEEu]&o] Fo] ke 7HAW oM olHFEY S5l dPEtta & 4 AvkChoi
2014). Choi 51(2014)2] A-ellA] o7 o} &md S5t thdal A ellA] o] 7)) o}%ﬂl =HH
0o]/dold ofeFE FFrolgtal A oSt & AT oz ol E7 HlE2 16.57°
(2014)2] A Hb of7jm ol Ed FTEIE M FAES o o oz O}EH%E =9 HE2 3
A SN A A S Gk 133401900 T E S gk 13.43019.0.1, 53] A= .920] 91t
A 574 7> 1090019031 v E 574 3k 10.63012;12131, T ABAFE 820

otk SHAN FUAFE BOR AFEE BEIN B AT S 1 MRS Hrsksb] 8 @
el ZA7} PIAEE Z5 Ot I gAY owmﬂ S Sk 2 ol 7)50) o] Gl
A5 BAEAA ) 54 nrk 7 ko] AF 7 dekrhs A7 Ut Wamer 5, 1992). TebA] B Q1o
o ZH%S FA SHHOE ARAGH 7 ok A2 —%Z—Xé‘%}‘%‘j—% g7 e TAARe] g ool
W el Qe F gtk

Ha SQUI AN ol ofISFEH SFL0l A APAAA o A EYSREE 430717

Slaf ol Zltho] & 1802 =0 &2]7] &5= TSN, 5 Tk effect size)E FotR7] flato] 91%=
IS SRR, ShaY e 283 o7 JH-S SAskith o7 FdS o 7w o] 912t o 3-8
2| Feu Ato]o] Az, o] 7w QEERAJE| 9} tf-g-ah= H 5w Alo] 2] Aw], =]l ofzfm ol e zta} of-3-she A5
W Abol o] ArlE vluskich 1 A o 917ba) o3-Sk A3 Abole] ArlE % A 7.35em0]%laL 5
% 6.66cmo] a1, o 7w IR A 2] 9} thE-ah= A Fu Alo]o] A= #-F A 6.56cme] L, #-F - 6.70cmO]
Qo oz ol zt} tf-g-sk= 2Fw Al o] A= % A 6.37emo| L, F F 6.99cmo] LT} whEhA
of7fu ofefZZHulES [ (o7 TIX e} HFAd Atolo] Aol ozt FFAl Afole] A a])/ol
7HA8F AFAd Abele] A-Ix100] S=, -5 Mol 05T F111(6.56-6.37cm; .19), 67 & Follv w9 #ow

0K.TF #2kTH6.70-6.99cm; -,29). 3 Y FME I 1; 22.82kg, +F § 36.78ke) Y} ShEUT(E *; 25.82
kg, &% 5 40.17ke)e] o] 5 FsHAl S7FekITtE Ha 5(2016)2 ofdli e A2 88 SH A=
kIl oM AEEHIHEL oz JE o Al dist SAlE dobRA gkgkou AEEHISY
LHZ7F Al o7 Ad o] oz ofefjZt et t-&sk= A5 Alole] A 7F Frbskelthal Balsgict Bt
Choi & (2015)2] Aol A o7l ofef&=7l T30 U= tidA=elA o7 HE Zeol mE o7 2%
(shrug) =52 &35 ASAHED, U, ol eAlREZe 284 % 9 o7 o}ﬂlé—%%m%—% 73t &
o gttt 1 A ojm ot % F1 S5l e tdAES Al 7] 2119 o 0 5 Al o7l EE]
ZYE7) SV E o) ofgjEEHn S o o] el HobRth e Oﬂ?ﬂwb ol 7w o} Z=H
Bl &2 ol T AR e o] AuaAlE o) ARaAZE Uitk webA] ozfw ofjEEdn] o] S5
ofef A ] o] vlEghs onjsit) 7|E ABATEolA ofdfleAEZe] +HE A S5k 2%
oA EA A, AR AHEA FFo] ASoE FFol wet ARt ATt ol o vk AlsET

[e)
ol AR 2y} BEZe 5o AuAZ} AkPeterson¥ Wyatt, 2011). T2 u B5ZFX|5= SA7|7F

28]3 9 &= 7] ol Al R 2 o] AREAlE Stk B0l Sl FHQLAN)T 5ol I F(25.7N) 9
ot AR o Apo] Fhe 3INCE FFo] = FHO| ol TARZe o] AT R {25
skorth EESE Kim¥} Park(2014)8] AT-olA = vlo] S AJATAE A A|ZHESH E(VAS)S} ofl] TAIR &

o AHBAE dokt A ANAEFTHE(VAS)S} ot SAIES ZHoll= AdaaAr gldlth 12y 550
U Fo FHI FFo gl £ ofdf TAIRD FHA, $F0l AE EHS 25.03N0 1, FF0l sl &
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rJ

At 0w F o= gt Afo]7} AT B3 Hwang 5(2017)2] A7-ellA 24 s
| A= EH ZFAFA A of e Al R Z8S 34N/keo] 1AL, A 52 (VAS) 9} o2l 5A 5
DA ATk 2 AFlA ol TAET FE2 53N/kgo At 1Eu 2 A= OMH
v AR ofie ALY 23 HEsHe] AudAE & v slddth
oA T o7 ZtE= 42.11°0] 90 1, Hwang 5(2017)2] AtolA 5 o7 Zet= 37.04°0]%) L) o] ¢}
o o Zhme A oF 50 xpolk HW ol E A oM B2l ojzm siA o] Ewkar)
= EAE A dolg A Fell S %L% 3l Hwang 5(2017)2] 7oA = ARLS Hof & %39
o A5 A7 Tl 1 %;H ZJo) 7} Q= Ao AbRETh a 24 A] ARG R T AT E0]
S AMEEHA] ¢l E2, HlolZ, 9l o] 85} OWHHB% 7% o} S FAIT 5 sHelA B AdAYE 54

S B9 EAR xw—o— IR AFEHA GRelM B ANE S5 oleld Zguel
%_

o =
fr oofN Jm b R
O flo rl rlo
5
Z,
[o
il
30 of

4 2 do rl

ot r

2 © 3, o7 B50] S ol okl £ SFE AEAAA ohal SARe 2e
that ez s Aol thal olmolo} Stk A, S olh ZEst obel BARD Abo]el a7}
QE 21 F2olhE 7Ha OAE B3l Gglehs dolth $F ATME o7l BFo] Qli= o7 o)
Y Fe] g dRlAA AR ol FARE Ao]e] 2ERFHE olniA} Fek.

V.2 &
B QAo o] ol HEY FFEE A AR AN ol ol EERul &3 ol BARE) =
S o) JREAE ohn it helek. 21 At ol hm ol BB 3t oheBARLD BEE B o) 4
AE Lm0 ) E STE B i HISED FRE S APANAN HATARE
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