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ABSTRACT

Electromyographic analysis of shoulder muscles in
professional versus amateur golfers

Phuvakirivivat P*, Srinkapaibulaya A**, Chaopricha W***,
Khaimuk P***

*Department of Rehabilitation Medicine, Faculty of
Medicine, Chulalongkorn University

**Thai Red Cross Rehabilitation Center

**Department of Orthopaedics, Vibhavadi Hospital

Objective: To compare electromyographic activities of
the shoulder muscles between professional and amateur
golfers during the different phases of the golf swing.
Study design: Analytic study

Setting: Golf performance center, Vibhavadi hospital,
Bangkok

Subjects: Fourteen male right-hand professional golfer
and fourteen male right-hand amateur golfers

Methods:  Electromyographic  activites of upper
trapezius, posterior deltoid, infraspinatus, triceps
brachii, latissimus dorsi, pectoralis major, biceps brachii
muscles on both sides were recorded by a wireless
surface-EMG recorder (I\/Iyoresearch®) during the
different phases of the golf swing. Electromyographic
data were synchronized with video data, and the muscle
activity was expressed as a percentage of maximum
voluntary contraction activity for each phase of the golf
swing.

Results: Comparing to professional golfers, amateur
golfers had statistically significant higher muscle
activities in the following muscles : left pectoralis major,
right infraspinatus, right triceps, right latissimus dorsi
muscles(50.6vs27.7%,P=0.043, 50.7vs34.2%,P=0.031,
28.6vs14.5%,P=0.004, 21.1vs16.6%,P=0.048 respectively)
in takeaway, right posterior deltoid , right infraspinatus,
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right biceps muscles (36.5vs13.9%,P=0.005, 35.6vs27.0%,
P=0.039, 36.2vs17.3%,P=0.002 respectively) in forward
swing, right posterior deltoid, right infraspinatus, right
biceps muscles(41.1vs12.3%, P<0.001, 30.3vs23.3%,
P=0.031, 35.3vs19.9%, P=0.009 respectively) in
acceleration, right posterior deltoid muscle(54.6vs22.4%,
P=0.003) in early follow-through, right pectoralis major
muscle(57.3vs32.9%,P=0.022) in late follow-through.
Conclusion: Excessive shoulder muscles activities in
amateur golfers might lead to injury more than
professional golfers. An inappropriate use of shoulder
muscles in amateur golfers in each phase of the golf
swing might be a factor that caused amateur golfers not
having as good performance as professional golfers in
both distance and accuracy.

Key words: Shoulder muscles, professional golfer,
amateur golfer
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19 Takeaway n&nuile Pectoralis major g, Infraspinatus
991, Triceps 171 Latissimus dorsi 2191(50.6 71U 27.7%,
P=0.043, 50.7 iU 34.2%, P=0.031, 28.6 NuU 14.5%,
P=0.004, 21.1 iU 16.6%, P=0.048 A1NAAL) T4
Forward swing Na1NLLe Posterior deltoid 291,
Infraspinatus 191, Biceps 471(36.5 i1 13.9%, P=0.005,
35.6 iU 27.0%, P=0.039, 36.2 11U 17.3%, P=0.002 AN
ANGL) M99 Acceleration NATNLIE Posterior deltoid 291,
Infraspinatus 191, Biceps 4797(41.1 iU 12.3%, P<0.001,
30.3 iU 23.3%, P=0.031, 35.3 11U 19.9%, P=0.009 AN
a1fu) 199 Early follow-through nénaiida Posterior
deltoid 191(54.6 1l 22.4%, P=0.003) 194 Late follow-through
nanile Pectoralis major 191(57.3 111 32.9%, P=0.022)
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AFauaUMAIUa9 acromion
m nauLile infraspinatus Anh infraspinous fossa
gaeAnNndneaesinlal@se scapular spine
m  NANEe triceps brachii AANNNNANLIUNBULILNAT
@ deltoid tubercle
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gﬂﬁ 1 wireless EMG WA surface electrode
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Biceps brachii

Upper trapezius

Infraspinatus

Posterior deltoid

Triceps brachii

Latissimus dorsi

U7 2 Fumsfin surface electrode 19anduLile (Aaulasann
LANANIR989 13)
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1) Takeaway: Branasa ldaudaauldgegn

2) Forward swing: anliigegaaudeldauiuinu
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3) Acceleration: anldanuuauDlinsznugn

4) Early follow-through: a1nlfinsznugnunusialiay
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5) Late follow-through: a0 N UAN LA UTAL9E39

gﬂﬁ 3 Phase of golf swing (finllasainianansaneds 11)

6. UAIN1IUARINAINILBEI4A (maximal voluntary
contraction: MVC) 1a4ndnstilaniazsdn Miaanasms
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7. Awmszdidayan1eans tnaldldsunsn SPSS for
Windows version 17 lagldatmidaaiasest aniduan
%@ﬂ@:"ummmmﬁwmnﬁmLf':fagnggm (%MVC) MAniade
(mean) u,@m'ﬂLfimLuuuwmﬂm(SD)ﬁnmﬂﬁmLﬁmmmﬁm
luusiay phase THafis Mann-Whitney U test Taainnuiunan
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el 49

Mean(+SD) Mean(+SD)
21g (T)) 24.14(556)  43.29(x10.01)  <0.001
Touin(Alanii) 75.21(+9.23) 76.04(7.70) 0.927
mm@d(muﬁmm) 178.64(+4.13) 172.79(x4.61) 0.005
Handicap 15.07(+2.76)
@wqﬁémumfmﬂ) 10.93(£5.17)  31.36(x8.70)  <0.001
mqﬁﬁlum‘um%w(ﬂ) 21.07(+3.34)
mmﬁ"l,umm@niﬂu(ﬂ%ﬂ/ﬁﬂu) 8.57(+3.78) 5.00(+2.72) 0.015
puinstenlusunding(rioiBon) 22.57(+7.61) 8.07(7.99) 0.001
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AN ansilaluaurasdnaaaluaieaedng
209UNNAANBNTNUAL AN ATAULAAIANNANTIN 2 TAeiia
AN phase A4l

Takeaway

nnedaianguinisiureanduiie pectoralis
major e, infraspinatus 191, triceps 221 latissimus
dorsi 491 (50.6 AU 27.7%, P=0.043, 50.7113 4.2%,
P=0.031, 28.6 11 14.5%, P=0.004, 21.1 f1116.6%,
P=0.048 ANA1AL) gandninnadnendinetned
HadAtyneaia

dnnedweninldnawiile ticeps TregIqn (41.6 +
21.3%) 784Q4NNAR upper trapezius 991 (40.4 + 19.6%)
WA posterior deltoid 42l (38.3 + 31.6%) AINATAL

dnnedadpnanlingaile ticeps frugegn (53.7 +
23.9%) FR9R9NAD infraspinatus 491 (50.7 + 27.3%) Was
pectoralis major ¢l (50.6 + 33.8%) ATNAIAL

Forward swing
Tnnaanadasauiin1avneuresndiuiile Posterior
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deltoid 291, Infraspinatus 271, biceps 171 (36.5 AU
13.9% ,P=0.005, 35.6 iy 27.0%, P=0.039, 36.2 fiu
17.3%, P=0.002 ANN&1A1L) gandnsinnesnaidnanadl
HadnAtyn1eadia

nnednandnldndnaife triceps 21914987 (79.1 &
20.4%) 2A4RINIAD upper trapezius g8l (68.9 + 37.0%)
WAz Triceps 918 (67.5 + 19.4%) ATNANAL

tnnedwasianauldndife ticeps 19199qm (78.2 +
17.9%) 7R9A9NNAR upper trapezius 18 (74.3 + 31.4%)
WAz posterior deltoid T1¢ (74.3 + 31.4%)

Acceleration

vnnedasianauinisieusesndiuiie posterior
deltoid 291, infraspinatus 291, biceps 291 (41.1 fu
12.3%, P<0.001, 30.3 AU 23.3%, P=0.031, 35.3 iy
19.9%, P=0.009 ANNa1AL) gandntinnagnandinetie
HadAtyn1eaia

vnnegwandwldnd e upper trapezius $161494
(56.2 + 32.9%) 2R9AINAD triceps 191 (54.7 + 25.6%)
A latissimus dorsi 2l (51.3 + 70.7%) ANNANAL

vnnadngsianauldndauiile upper trapezius 41¢
4940 (66.0 + 24.8%) 994891NAD triceps 191 (56.9 +
14.6%) WAz posterior deltoid el (53.6 + 22.0%) AN
Rt
Early follow-through

vnnedasiassuiinisieusesndiuiie posterior
deltoid 191 (54.6 fiU 22.4%, P=0.003) g4ndninnadn
anTinaelisd Arynieaia

nnadnendnldndruile infraspinatus 18g34n
(65.6 + 17.5%) 704Q4NNAR upper trapezius 1 (65.2 +
25.2%) W triceps 191 (59.3 + 28.4%) AMNAAL

nnednadanauldnduiiie upper trapezius 41g
494 (67.0 + 17.5%) $898INNAY infraspinatus el (64.1
+ 23.2%) WA triceps 191 (62.6 + 19.0%) ANANAL

Late follow-through

vnnednainauinisLreandaiie pectoralis
major 291 (57.3 11 32.9%, P=0.022) g4ndndnnaan
anTinaeilisd Arynieaia

nnedeninldnamiile latissimus dorsi 1814940
(78.8 + 101.0%) 789A9N1AD infraspinatus G118 (50.1 +
17.2%) WAZ triceps 271 (48.9 + 26.6%) AMNAAL

nnadngsiasauldndauiile upper trapezius 41¢
4947 (58.9 + 30.0%) 999891AD infraspinatus 41 (57.7

+ 22.1%) Waz pectoralis major 491 (57.3 + 30.5%) AN
AFL
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Phases of golf swing

early late
muscles takeaway forward swing acceleration follow-through  follow-through

Left arm
upper trapezius

professionals 13.2+9.9 68.9+37.0 56.2 +32.9 65.2+ 252 48.7 £ 271

amateurs 15.0+94 743 +31.4 66.0 + 24.8 67.0+17.5 58.9 + 30.0
posterior deltoid

professionals 38.3+31.6 65.3+19.2 46.4 £ 25.2 55.0+23.9 42.1+18.8

amateurs 35.3+30.5 743+31.4 53.6 +22.0 51.0+18.7 39.9+21.0
infraspinatus

professionals 26.4 £ 8.1 454 +154 42.7+12.0 65.6 £17.5 50.1+£17.2

amateurs 30.4+£17.0 441 +£19.7 44.6 £22.4 64.1 £23.2 57.7£22.1
triceps

professionals 41.6+21.3 67.5+194 40.7 £ 13.2 42.8 £25.2 31.3+13.8

amateurs 53.7+23.9 60.4 +23.2 41.1 £ 1841 43.8+23.4 254 +11.8
latissimus dorsi

professionals 28.6 +36.7 67.3 £ 69.1 51.3+70.7 53.7+73.8 78.8 £101.0

amateurs 27.8+17.7 42.8 £23.5 27.8+14.4 38.9+29.6 43.3 £48.7
pectoralis major

professionals 27.7 £19.1% 60.5+32.8 49.3 £33.3 44.2 £18.0 28.6 £15.9

amateurs 50.6 + 33.8 485+214 37.5+11.5 46.9 + 16.9 37.3+30.8
biceps

professionals 84+ 43 252 +17.1 30.3+224 36.5+154 26.1+£13.9

amateurs 141+£9.2 35.7+21.7 34.3+225 352+21.3 29.4 +18.3
Right arm
upper trapezius

professionals 40.4 £ 19.6 20.0+11.3 25.7 +16.8 39.6 +26.9 25.7+18.1

amateurs 36.4+15.9 26.6 +24.4 34.7+32.2 40.2 £ 321 289+24.4
posterior deltoid

professionals 15.7+11.2 13.9 + 3.6* 12.3+5.0* 224 £13.9* 25.6 £20.8

amateurs 19.3+12.0 36.5+28.2 41.4+31.0 54.6 +36.0 44.8 £ 30.9
infraspinatus

professionals 342+ 15.7* 27.0 £ 12.8* 23.3+£13.8* 39.3+36.7 349+ 237

amateurs 50.7 £ 27.3 356+ 141 30.3+12.7 31.2+10.8 34.6+15.8
triceps

professionals 14.5+£9.3* 79.1+20.4 54.7 +25.6 59.3+28.4 48.9 £ 26.6

amateurs 28.6 £12.7 78.2+17.9 56.9+14.6 62.6 £ 19.0 43.4 +16.6
latissimus dorsi

professionals 16.6 £ 17.1* 53.8+29.3 34.0+21.2 33.0+125 23.3+14.7

amateurs 21.1+£128 50.3 £ 24.1 40.0 £ 17.7 35.1+16.8 34.3+27.2
pectoralis major

professionals 12.3+£6.6 56.8 +22.2 45.0+£18.5 451 +£22.7 32.9 £ 20.1*

amateurs 19.4 £12.0 73.5+26.6 51.7+19.8 56.2 + 28.1 57.3+30.5
biceps

professionals 200+11.4 17.3+£12.8* 19.9 + 15.5¢ 30.0+15.3 17.4 £10.7

amateurs 27.4+20.8 36.2+19.8 353+154 42.0+18.6 225+17.2

A19797 2 N1INUTBINAN AN AN LA % MVC (mean+SD)

UNIAT0L
nz’imL‘ﬁ@ﬁﬁmsﬁﬁmmmﬂﬁmﬁu@ﬂwﬁﬁﬂdﬁﬁmmq
77 Ao nduita pectoralis major ¢, infraspinatus 291,
triceps 191, latissimus dorsi 221 Tueing takeaway MGREY
L‘ﬂ‘ﬂ posterior deltoid 991, infraspinatus 221, biceps 131

Tueing forward swing LAY acceleration naNIe posterior

deltoid 291 luda4 early follow-through WATNANLLE
pectoralis major 99111194 late follow-through WLA1%iN
naanadAsaUIN19Y9U (%MVC) gendntinnadwandn
1 o o o 1 2 a & @ =
wamaandnneanadasiawldussAniduilafiduslungm
iRl
194 takeaway HNNaaNANATLAUTNITNIULIBINAN
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e pectoralis major §18uAY infraspinatus 93144n371In
naanandn wansintinneanadanaueanuseldualunis
anlfunnndndnnednandn

494 forward swing Lay acceleration nnaanadATIAL

o

Hn19vineuaeend1uiile biceps 19gendnateililudn Aty

7

o

NNATF (nﬁﬁmﬁﬂ biceps dnaiuualdnganiniduiu)
wansdndinneswainsauiiuua iufiazsedeAonlugas s
nsznugnunnnIniinnasedn douinnaswandnayld
swndnanife triceps V”TmmifmﬁLLmiﬁmgmd’]ﬁﬂﬂ@@‘fw
adATaulugag forward swing Lamadninneanendnwdan
wawAldAndninnedwadasauludasnenlinsznugn

194 late follow-through dinnadnadAsiauiin1svinau
geendnuiile pectoralis major 211g9n91TNNa AW aNTN
wsitinnegwandnasldnduiiie latissimus dorsi #1eunis
uanfednnesnadasiaunanauaanusaiuiazlduau
?J'J’mﬂﬂﬂdﬁl\‘i'awLﬁm@ﬁﬂﬁguﬁﬁﬁ%iﬁﬁ@ﬂﬂfﬁ’]ﬁﬂﬂ‘ﬂﬁw
BTN

‘Luﬁnn@@?ﬂm%wnﬁmﬁ@ posterior deltoid 2918013
mmm”mum (<30% MVC) m@mfsmwmummnunmu
Lu@ infraspinatus mﬁﬂumimmuﬂ@umwm (23 39%
MVC) AaeR99ERd (AanARediaseinuan ™) ol
ﬁﬂﬂ@ﬁwzﬁﬂmm’uﬁmiﬁﬂmwﬂmﬂé’wLﬁ@%mmﬁmﬁmdm
gandnagfliladAtynieaflugas forward swing way
acceleration uanIdINNagHenEnTinnsEauAaEnd e
Tugnaanfimunzan Tusasivnnednansiauiinnsld
unduiieliiminsauRetiaiiaastisuaanand e
naueanuaeTanFannifulyl

n&uiile posterior deltoid F1auasinnaanadni
NINNIUGI4R (65% MVC) lutiag forward swing LgiAen
fuauATeRduuwaile filfuigandn daundnaiie
infraspinatus $18999dnnadWe 1IN ugegn Tugag
early follow-through R I G TG L RGeS
dﬁﬁﬂﬂ@ﬁﬂ@ﬁwwmuﬂﬁwLﬁﬂﬁmﬂumm’wﬁuﬁ@ﬂwﬁw
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