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Effects of Lower Trapezius Strengthening Exercise on Shoulder Pain,
Function and Archery Performance in Elite Archers

Eunkuk Kim, Jinho Kim, Jinyoung You

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

Purpose: The primary aim of this study was to examine the effects of 8-week lower trapezius strengthening exercise
(LTSE) on shoulder pain, function and archery performance. The secondary aim was to identify main factors that
have something to do with injury prevention and performance enhancement for elite archers.

Methods: Thirty-one elite archers were recruited and evenly assigned into the LTSE group (n=16) and into the control
group (n=15) based on gender and athletes’ career. Shoulder pain was evaluated using Numeric pain rating scale
(NPRS). Shoulder function was assessed using the Western Ontario Shoulder Instability Index (WOSI), upper quarter
Y balance test (UQYBT), Trapezius and Deltoid muscle activity ratios by surface electromyography and the angle
of scapula elevation/abduction by 3-dimentional motion analyses. Archery performance was estimated using draw
force line (DFL) angle at full bowstring draw position and the scores acquired from real archery shooting. After
the baseline measurements, the 8-week LTSEs were implemented and the post-exercise measurements were
conducted.

Results: In the LTSE group, NPRS score and WOSI score significantly decreased after exercise program. The activity
ratio of upper to lower trapezius muscle, scapula elevation angle and the DFL angle were also significantly reduced.
The UQYBT scores significantly increased on both shoulders.

Conclusion: Eight weeks of LTSE has reduced shoulder pain in archers and improved shoulder function and
performance factors.
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(1) Numeric pain rating scale: Numeric pain rating scale (NPRS)
& 1 o] gad & Qe AR SRR B Ao
A A YO ARSI Aol 0-102% o 4
7h AR EH A% #AE= 03l 5 9, 2EF0 A
He 108oe S 259 1= 245, A
A% (test-retest reliability)= 0.95-0.960]T}H".

2) Ils

(1) Western Ontario Shoulder Instability Index: ©]7]|9] £9H4
A1} o]z AWS H71e 4= 9l Western Ontario Shoulder
Instability Index (WOSI)E HiH ZA} B0 & A5}t
S 4709] Jlol 217) TF2E o]Fo/A oH, H47t 0%l
IPHeSE FgolH, 2,10040] 7HeSE Yot Y1
A1 2] = (internal reliability)+= Cronbach’s alpha=0.88-0.96°] 1,
AAAAA A Tt A =24 A AeAolA S
HA|(intraclass correlation coefficient, ICC)7} 0.87-0.980]c}”.
APl A A/dRiol tiaf wail FAMo] At FefAlo]
Al A2 RS GAlel destal Aol Bt olshE
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(2) Upper quarter Y-balance test: Z7}AS-S FMSARY
Y-Balance kit (Professional YBT; FMS, Cleveland, Ohio, USA)E

Table 1. Participants’ demographic characteristics

Variable Exercise group Control group
Age (yr) 18.884+2.53 18.87+2.20
Height (cm) 170.17£6.20 171.65+6.87
Weight (kg) 70.12+13.77 72.11+£11.69
BMI (kg/m?2) 24.11+3.46 24.43+2.76
SMS (kg) 30.07+5.63 31.4946.11
%BF (%) 16.65+8.46 16.2545.00
Career (yr) 8.56+3.39 8.47+2.83

Values are presented as meanzxstandard deviation. Exercise
group: male (n=9), female (n=7), total (n=16); Control
group: male (n=9), female (n=6), total (n=15).

BMI: body mass index, SMS: skeletal muscle mass, %BF:
percent body fat.
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| Recruitment of research participants |
<

| Explain the purpose of the study, informed consent |
O

Classification of study participants according to
exclusion criteria and group classification

O
Pre-measurement

4. EMG measurement
(trapezius, deltoid)
5. Full draw position
motion analyses
3. Upper quarter 6. Scores acquired from
Y balance test real archery shooting
< <
LTSE
(8-week lower trapezius
strengthening exercise)
< <
Post-measurement

1. Measurement of height
and body composition

2. Questionnaire survey
(NPRS, WOSI)

Control group

3. EMG measurement
(trapezius, deltoid)

4. Full draw position
motion analyses

5. Scores acquired from
real archery shooting

1. Questionnaire survey
(NPRS, WOSI)

2. Upper quarter
Y balance test

<
Result analysis

Fig. 1. Research procedure. EMG: electromyography,
NPRS: numeric pain rating scale, WOSI: Western Ontario
Shoulder Instability Index, LTSE: lower trapezius strength—
ening exercise.
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ZHEY & 232 surface electromyography for the
non-invasive assessment of muscles (SENIAM)S 175 SA =
9] 9], S, ofdle] YA oA L o, F7E FH 4
Z 6709 &5 HHO| FAl electromyography (EMG) A=
Iem HE9) AF 7 AlE £ HARGTH Table 2)”.
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Muscle activation=

EMG otion: T2} (full draw position)of| 4] E2]7(clicker)7} Eof

Table 2. Locations of surface EMG electrodes attachment
(SENIAM, 2019)

Name of muscle  Attachment location of electrodes

The electrodes need to be placed at
50% on the line from the acromion to
the spine on vertebra C7.

Middle trapezius The electrodes need to be placed at
50% between the medial border of
the scapula and the spine, at the
level of T3.

The electrodes need to be placed at
2/3 on the line from the trigonum
spinae to the 8th thoracic vertebra.

The electrodes need to be placed at
one finger width distal and anterior to
the acromion.

Electrodes need to be placed from the
acromion to the lateral epicondyle of
the elbow. This should correspond to
the greatest bulge of the muscle.

Posterior deltoid Center the electrodes in the area

about two fingerbreaths behind the

angle of the acromion.

Upper trapezius

Lower trapezius

Anterior deltoid

Medius deltoid

EMG: electromyography, SENIAM: surface electromyography
for the non-invasive assessment of muscles.
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Table 3. Calculate of trapezius muscle activity ratios and
deltoid muscle activity ratios

Item Calculate of muscle activity ratio

UT/LT  Normalized EMG of UT divided by normalized
EMG of LT

UT/MT  Normalized EMG of UT divided by normalized
EMG of MT

MT/LT  Normalized EMG of MT divided by normalized
EMG of LT

AD/PD  Normalized EMG of AD divided by normalized
EMG of PD

AD/MD  Normalized EMG of AD divided by normalized
EMG of MD

MD/PD  Normalized EMG of MD divided by normalized
EMG of PD

UT: upper trapezius, LT: lower trapezius, MT: middle
trapezius, AD: anterior deltoid, PD: posterior deltoid, MD:
medial deltoid, EMG: electromyography.



Je3 9. o5l Yot 250 YeIE YFHSES) 55, )

olr

9 2719 QAo DAl B

= B9 839 AE7], A5 T 7FAE7(spinous processes
of the 7th cervical vertebra)®} @ 220] 2.9 2](acromion) &
o] $apsigie

@ oj7® 233 oA U

ZAYE 7= 29 of7fw] 23 (scapular elevation)¥} of7f
H (shoulder abduction)®] Z=E 27435} L} of 7w &9
AEE 4% T3 082 397 Aojo] 44z} ooz
A Aol9] ZeE SA4siglnh o] HE Y] Ake 599t
S2Apst Aol A4tk oleOE 224 Aol 4ES 27
SHoITY”. 019} 2 HI¥io] ofrie] 2} of7) WY FEHEA
ICCEe >097 & E=thFig. 2)°.

3) g3 3714

(1) 92| A draw force line ZH%: Draw force line (DFL)
s A2 &1 GAE B 85 BAEVIY A58
Afol9] A M3} slabute) b g BASIAthFig. 3)°.

() FF Ag: =A) FZA(Fédération Internationale de Tir
a lArc)? 737] 7H2o] w2t 70 m Az]o] Aef FaAolA A5l
122 cml 2 RAE ABIHL. I SHES AN 3
1598 2o H4E GASIATF

4) Ot SHZEZ 23 2S(LTSE)

OFSAIET B3t 2o EoHe] A YRR off
S Raiso) (Fi 44), 29491 Aol ol) A55 85 2%
HE(T-Rise) (Fig. 4B), HPH THe} A (Modified Prone
Cobra) (Fig. 4C), E2}9] AAo]A o7E 90° st TEad
2 o0 YA ol AEEULER) (Fig 4D12 AT

ol SAIET F3he-s TR IWL F 33] VIR 8§37k Aot
Aot 283} 25 2EAY 48 2MER folA LS
I 5 Q7] dizo] Edlold 270l 2HEQ} 1 repetition
maximum (RM)2] 50%-60%Z2 HHE3158= 159]2 AYslgo.
o, HZ55K(progressive load)2] Yo wat A4E9 dd
Aot L2 I GAo] wEbd LEFoet AE 5 $7F
AZloH, L5509 710l weh RHESle= A Z1g)et
AT, 2% A0 R 123 1 RMY 50%-60%Z 24 EX
15-208] 25191, 343 | RMO] 60%-70%Z 2HEA 812

Fig. 3. Draw force line angle.

Fig. 2. Measure of scapular ele—
vation angle and shoulder ab-
duction angle.
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Fig. 4. Lower trapezius streng—
thening exercise. (A) Y-raise.
(B) T-raise. (C) Modified Prone
Cobra. (D) L-External Rotation
(ER).

Table 4. The difference of NPRS score between exercise group and control group

| Exercise Control F-value (p-value)
tem

Pre Post Pre Post Group Time Group xtime
NPRS 4.56+2.45 2.88+1.78 3.20+1.47 3.67+1.68 0.226 (0.638) 3.670 (0.650) 11.427 (0.002)*

Values are presented as mean=xstandard deviation.
NPRS: numeric pain rating scale.
*p<0.05.

3] HHESI9IT}. 5-6F= 1 RMY 60%-70%E 3A|EX §-123]
HFES19 01, 7-85F%= 1 RM9Y] 60%-70%Z 44| EX] 8-123]
RS,

3. &5 24

$2700] 95 X219 A8 LTSE Yekst 2o 2
Alsk ek 2+ BE ARES| B4 Tolap] Si IBM SPSS
ver. 21.0 (IBM Corp., Armonk, NY, USA) A Z& 7242 0] 23
714 EA|A](mean, standard deviation)E A1, A 7F SHA|
7)(pre-exercise-post-exercise)o]| T2 F4£1H0]9] WIS 8195}
7] 915l ¥HEE7gol gt o] AHTEA] (two-way analysis of
variance with repeated measuresy& AFSICH Al7]o] WE At
0] A5 Al S5 X2 Y A8 A9 t2ite] 4
#ols} W) 9] LTSE Jete] Z4elo] A5aiAtt 78
Yehjol, BE 250] $OEL a-0.052 Asilch
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1) Numeric pain rating scale

LTSE Feh} T2 NPRS A5t 25 A 27 45612459}
32014791 &% T 2.88+1.789} 3.67+1.68% 01 Al7]o] wE
e 7H9] oA aap7h UERETHF=11.427, p=0.002) (Table 4).

2. 7ls

1) Western Ontario Shoulder Instability Index

LTSE Zthy} tjz70] WOSI Al 2= A ZkzE 90.13:42.04
9} 74.53+26.87H 1 &% T 62.00432.739F 71.93+32.50%.0.H
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A7)0 e Z ZIHF=10.216, p=0.003)2 A7]o] o} At
79 A5 AE @7t LERETHF=7.050, p=0.013) (Table 5).

2) Upper quarter Y balance test &%=

LTSE {7} 219 S S 29| upper quarter Y balance
test (UQYBT) A4t 9% A 747k 71,259,049} 7547+9.63%,
L& 5 7895412418} 71.06+£7.099. 0.0 Htiof m 2 }m
(F=0299, p=0.011)8} A|7]0] w2 et 7ke] B52-8 a7}
UERFTHF=22.965, p=0.001). LTSE A3} tf220] A 9S
g7]= o] UQYBT A4t 2% A ZHZ 71.19+10.868)
7434485991 SF B 79.59+12.709} 74.04+6.678.2.1 A|7]0]

£ 3 AIKF=12288, p=0.002)2+ Al7]o e et 7t AJoAt
2 @I} et (F=14.172, p=0.001) (Table 6).

3) SMZ2T OMME2Y 2ENE

LTSE ey} tj29] ofefieA T S/ tiet A
B 2T 8eL &5 A 27} 34743.509F 1.57+1.0091
o= T 14320939} 1.39+0.809 01 A7lo] W2 F {i}
(F=6.740, p=0.015)2} A|7]o] wg A 7+ A28 a3t
VR H(F=4.739, p=0.038). LTSE At} 29| Z7H5A %
o 2L it AeAED SEEE HEY ol eAED
TEAL tfet FUEAEDE SEAE BlES 5 At H|A

Table 5. The difference of WOSI score between exercise group and control group

Exercise Control

F-value (p-value)

ltem
Pre Post Pre

Post

Group Time GroupXtime

WOSI

90.13+£42.04 62.00+£32.73 74.53+26.87 71.93+32.50

0.063 (0.804) 10.216 (0.003)**  7.050 (0.013)*

Values are presented as meanzstandard deviation.
WOSI: Western Ontario Shoulder Instability Index.
*p<0.05, **p<0.01.

Table 6. The difference of UQYBT score between exercise group and control group

| Exercise Control F-value (p-value)
tem

Pre Post Pre Group Time GroupXtime
Bow 71.2549.04 78.95+12.41 75.47+9.63 71.06+7.09 0.299 (0.011)*» 1.706 (0.202)  22.965 (0.001)**=*
arm-YBT
Draw 71.194+10.86 79.59+12.70 74.34+8.59 74.04+6.67 0.122 (0.730) 12.288 (0.002)** 14.172 (0.001)**
arm-YBT

Values are presented as meanzstandard deviation.

UQYBT: upper quarter Y balance test, Bow arm-YBT: bow arm push hand Y balance test, Draw arm-YBT: draw arm push

hand Y balance test.

*p<0.05, »*p<0.01, *»**p<0.001.

Table 7. The difference of EMG activation between exercise group and control group

| Exercise Control F-value (p-value)
tem

Pre Post Pre Post Group Time GroupXtime
UT/LT  3.4743.50 1.43%£0.93 1.57+1.00 1.3940.89 2.995 (0.094) 6.740 (0.015) 4.739 (0.038)*
UT/MT  1.74+1.26 1.16£0.69  1.13+0.85 1.03+0.95 1.573 (0.220) 3.354 (0.077) 1.583 (0.220)
MT/LT  2.03+1.09 1.28+0.54 1.82+1.13 1.85+1.13 0.399 (0.533) 2.599 (0.118) 3.067 (0.090)
AD/PD  1.20£0.91 0.86+£0.78 0.85+0.56  0.75+0.70 1.147 (0.293) 1.887 (0. 180) 0.599 (0.445)
AD/MD 0.85+0.60 0.63+0.43 0.69+0.59 0.51+0.50 0.947 (0.339) 2.502 (0.125) 0.018 (0.894)
MD/PD  1.69+1.51 1.56+1.06 1.41+£0.68 2.10+1.69 0.112 (0.741) 1.068 (0. 310) 2.344 (0.137)

Values are presented as meanzstandard deviation.

EMG: electromyography, UT: upper trapezius, LT: lower trapezius, MT: middle trapezius, AD: anterior deltoid, PD: posterior
deltoid, MD: medial deltoid.
*p<0.05, **p<0.01.
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st} &5 SO B ek 7H 2 A7 folet Halet Ao AkE
A3} Udek LTSE A9t tiz+t9] FoAlLd 284 %=0
et o B L HET} FtolN B 2ol
et GoPiH R 2B Hle 9 FolEDE 2245
g2t ST RS 2 HleE &5 A} Hislo] &5
Sof BE Ho 7t 9 A7 fofet Hstet 4eAE aapt
A TH(Table 7).

4 o7 S B 4=

LTSES} 229 ojf] 23 Zhe= &% A 217} 81.50£2.00
9} 80.0042.678T. &= I 78.94+2.799} 80.60+3.50%.0.1 A]7]
of w2 At 749 A3 ARG BTt UELTHE=9.956, p=0.004).
LTSES} tj29] o7 ¥ 4Tt &5 A Haste] &5
Tof| B Hdk 7t 9 A7E (ot Hael As g 5t
A TH(Table 8).

3. 3719

1) BFEfO|A| DFL 2t

LTSE®} t229] DFL 2= 2% A 72} 10.06£1.189
920+126QT &5 T 7.04£0.449} 9.67+1.18G.0.1 A|7]0] wE
Z "3}k (F=17401, p=0.001)9} A|7]0] wh2 ot 7ke] 5248

a7 JERTH (F=42.499, p=0.001) (Table 9).

2) ¥3E+

LTSE®} t+t 7+ Fadioe &5 3} Huste] 25 5
2 % 2 9 A7 Sole visiel 4548 Tk gttt
(Table 10).

1 o

2 Ao golE *% S5 YR s3719) ol
/\«”_\}_I:L ,] Ao °)

r= 0
50 Faed *ﬂoh&?i 7]% of7 o]

Table 8. The difference of SEA and SADA between exercise group and control group

| Exercise Control F-value (p-value)
tem

Pre Post Pre Post Group Time Group xtime
SEA 81.50£2.00 78.94+2.79 80.00£2.67 80.60+3.50  0.009 (0.926)  3.834 (0.060) 9.956 (0.004)**
SADA 101.00£5.39 102.19+5.02 101.87+6.66 102.53+6.88 0.083 (0.776) 3.864 (0.059) 0.305 (0.585)

Values are presented as meanzstandard deviation.

SEA: scapular elevation angle, SADA: scapular abduction angle.

**p<0.01

Table 9. The difference of DFL angle between exercise group and control group

| Exercise Control F-value (p-value)
tem

Pre Post Pre Post Group Time GroupXtime
DFL 10.06+£1.18 7.94+0.44  9.20+1.26 9.67+1.18 1.762 (0.195)  17.401 (0.001)*** 42.499 (0.001)**x*

Values are presented as meanzstandard deviation.
DFL: draw force line.
*xx0<(0.001.

Table 10. The difference of archers score between exercise group and control group

Exercise Control

F-value (p-value)

Item
Pre Post Pre

Post Group Time

Group xtime

Total score 132.13+£5.76 132.06+8.81

132.87+£5.99 129.80+5.53

0.139 (0.712)  1.516 (0.228)  1.398 (0.247)

Values are presented as meanzstandard deviation.
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