
a  S c i T e c h n o l  j o u r n a lResearch Article

Mackenzie et al., J Athl Enhancement 2015, 4:5
http://dx.doi.org/10.4172/2324-9080.1000211 Journal of Athletic 

Enhancement 

International Publisher of Science, 
Technology and Medicine

All articles published in Journal of Athletic Enhancement are the property of SciTechnol, and is protected by copyright laws. 
Copyright © 2015, SciTechnol, All Rights Reserved.

Sport Specific Adaptation in 
Scapular Upward Rotation in 
Elite Golfers
Tanya Anne Mackenzie*1, Lee Herrington2, Lenard Funk3, Ian 
Horlsey4 and Ann Cools5

Abstract
Objective: Appropriate scapula position is necessary to optimise 
maximum force generation during the golf swing. Abnormalities 
in upward scapular rotation have been associated with various 
shoulder pathologies. Assessment of scapular position is 
considered an important clinical measure for sports therapists and 
trainers to prevent injury. This study investigated scapular upward 
rotation in elite golfers.

Method: Forty five male golfers on European Challenge Tour and 
thirty six non-sportsman control volunteers met the inclusion criteria 
for the study. With the participant standing, the Palmmeter was 
used to measure lateral distances of the scapula from the spine and 
these measurements were used in the sin rule to calculate scapular 
rotation in the coronal plane.

Result: The dominant scapula of controls was more upwardly 
rotated in both neutral (p=0.04, paired t-test) and in 60 degrees of 
shoulder abduction (p=0.04, paired t-test). The dominant scapula of 
golfers was significantly more upwardly rotated in neutral (p=0.01, 
paired t-test) and the lead scapula was significantly more upwardly 
rotated in 60° of shoulder abduction (p=0.01, paired t-test). 

Conclusion: Asymmetry of scapular rotation in the coronal 
plane in golfers as an indicator of risk in the golfers shoulder is 
not appropriate during screening. When compared with controls, 
golfers had a unique pattern of scapular upward rotation during arm 
abduction to 60°.
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Introduction
Appropriate scapula position is necessary to optimise maximum 

force generation in athletes [1,2]. If scapular function is compromised, 
the shoulder is at greater risk of injury [3-9]. It was advocated by 
Sahrmann [10] that deviation from symmetry between the scapulae 
was pathological; however, in athletes asymmetry may be normal 
[11,12] and using the contralateral side as a reference may not be 
appropriate. Furthermore, asymmetry in one plane may not be a risk 
factor on its own [12]. Uhl et al., 2009 [13] report asymmetric findings 
in the non-athletic population due to dominance effect, finding that 

51% of population has asymmetric scapular motion in one single 
plane and 14.3% in several planes. Despite agreement that scapular 
asymmetry may be normal, actual measures of scapular position vary 
between studies. Matsuki [14], reported dominant-side scapula to be 
more downwardly rotated by 10°. The opposite is reported by Morais 
and Pascoal, who report 15° more upward rotation on the dominant 
side [15]. Ludewig et al. [4] and Wartson et al. [16], reported that 
upward rotation of the scapula should be between 5.4° and 3.6°. It can 
be reasoned from this literature that asymmetry of scapulae should 
be considered as normal; in fact, it may be an adaptive alteration. 
It has been noted by various authors that scapular position may be 
influenced by participation in a specific sport [11,17-20], although 
differing tools and methodology do not allow exact comparison 
of results from each study. Level of participation in sport [21] and 
fatigue [22-24] have also been shown to influence scapular position, 
leading to adaptive changes in elite athletes who undertake repetitive 
arm movements. 

No previous literature quantifying scapular upward rotation in 
golfers was found in the literature. During the down phase of the golf 
swing, the shoulder accelerates quickly following the hips to generate 
energy and drive the ball; the shoulder generates 20% of the club 
speed [25]. Since scapular position is necessary to optimise maximum 
force generation [1,2] a study investigating scapular upward rotation 
in golfers is warranted. Assessment of scapular position is considered 
an important clinical measure for sports therapists and trainers. This 
study investigated scapular upward rotation in elite golfers on the 
European Challenge Tour. It was hypothesised that the dominant 
shoulder would be more upwardly rotated in both controls and 
golfers when the arms were in neutral and also when the arms were 
abducted to 60 degrees. 

Method
Power analysis

Based on a pilot study and using GPower it was calculated that 
to perform an independent t-test a sample size of at least 25 in arm 
neutral (21in 60° arm abduction) per group was required to be able 
to detect a difference with 2.4°(13.68°) means score, with an 80% 
power and a 5% (0.05) significance level. This is assuming a STD 
of 4.04°(9.68°) for the measure of scapular rotation in neutral (60° 
abduction). For a paired t-test a sample size of 24 per group was 
required to be able to detect an absolute difference of 5.14° in the 
variable scapular rotation between groups with a 80% power at a 5% 
(0.05) significance level. 

Participants

Participants were volunteers who responded to invitations 
posted at the Challenge Golf Tournaments and at the host university 
campus. Forty five of 53 male golfers met the inclusion criteria for 
the study. Thirty six of 46 non-sportsman control volunteers met the 
inclusion criteria for inclusion in the study. All golfers were currently 
playing on the European Challenge tour and evaluated during the 48 
hours prior to start of tournament. Participants included in the study 
were of full musculoskeletal development (over the age of 18 years), 
and had healthy shoulders (as determined by the exclusion criteria). 
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Participants were excluded from the study if they had: cervical, 
shoulder, or elbow pain within six months before testing; previous 
shoulder girdle or spinal fractures; shoulder surgery; or dislocation of 
the upper limb; scoliosis; leg length discrepancy; or a rheumatologic 
condition. 

The University of Salford Ethics Panel  approved the study protocol. 
All participants were provided with a detailed information sheet, 
comprising details of the study and any associated risks. Participants 
gave written informed consent to testing and anonymised use of the 
data collected. 

Instrumentation

Previous authors [26,27] have established reliability of the PALM 
to measure the lateral distance of the scapular to the spine. It was 
proposed by the present authors that these measures would be more 
useful if used to calculate the rotation angle of the scapula. In a 
pilot study, inter-rater reliability of using the PALM (Performance 
Attainment Associate, St.Paul, MN, USA) to measure lateral distance 
of the scapula from the spine and use of these measures in the sin 
rule to calculate scapula rotation was established in 20 shoulders 
(ICC2.1=0.74 to 0.88). 

Procedure

Participants stood in a relaxed posture that felt comfortable to 
them. In order to evaluate normal habitual scapular posture no attempt 
was made to make the participant conform to a single standardised 
posture. Measurements of scapular rotation in the coronal plane were 
taken in 2 arm positions, one, shoulder neutral, and two, 60 degrees 
of active abduction in the coronal plane. For the 60 degrees of arm 
abduction position, the arm was abducted to 60 degrees of abduction 
by the examiner as determined by a goniometer (Baseline plastic 
360 ISOM Goniometer 12”) and the participant was then asked to 
maintain this position actively. Once 60 degrees of abduction was 
determined for each participant, in order to assist the participant 
in maintaining the correct angle of arm abduction, a marker tape 
was placed on an adjacent wall at the level of the participant’s finger 
tips. The examiner could then ensure that the correct angle was 
being maintained by the participant while measuring. Between each 

measurement the participant rested the arm by the side to avoid the 
effects of fatigue.

The following anatomical landmarks  were  repeatedly 
palpated by the  examiner :  the  infer ior  angle  of  the 
scapula  (IAS)  (Figure 1), the root of the spine of the scapula 
(RSS) (Figure 2), and the spinous process of the thoracic spine 
(Sp) (Figures 1 and 2), before taking of each measurement. The 
participant’s skin was not marked by the examiner ensuring that 
markings could not introduce bias between during repeated palpation 
and locating of the anatomical landmarks. The PALM callipers were 
used to measure the distances and horizontal distance was ensured by 
the analogue inclinometer on the PALM. Three measurement were 
taken of the following distances: the distance between the inferior 
angle of the scapula to the closest horizontal spinous process of the 
thoracic spine (IAS-Sp) Figure 1; the root of spine of the scapula to 
the closest horizontal spinous process of the thoracic spine (RSS-Sp) 
Figure 2; and the distance from the inferior angle of the scapula to the 
root of the spine of the scapula (RSS-IAS), (Figure 3). 

Calculation of scapular rotation 

The distances IAS-Sp, RSS-Sp, and IAS-RSS were used to calculate 
the scapula rotation angle. As shown in Figure 4, if a perpendicular 
line is dropped down from the root of the spine of the scapula (RSS) to 
intersect the horizontal line between the inferior angle of the scapula 
and the closest spinous process of the thoracic spine (IAS-Sp), a right 
angle triangle is created. The hypotenuse is the distance IAS to RSS. 
The side opposite the angle θ (θ was defined as the angle between the 
hypotenuse and the vertical) and the vertical is the distance IAS-Sp 
minus the distance RSS-Sp. To calculate the angle one can apply

A positive result indicated the degree of upward scapular rotation 
and a negative result indicated the degree of downward scapular 
rotation.

Data analysis

Statistical Package for Student Statistics for Windows version 
20.0 (SPSSinc, Chicago,IL), was used for statistical analysis. 

 
Figure 1: Measurement of the distance between the inferior angle of the scapula (IAS) and the closest horizontal spinous process (Sp) of the thoracic spine 
(IAS-Sp).  
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Shoulders included in analysis were sorted according to dominant 
and non-dominant (lead shoulder in the golfer) sides. The mean of 
three measures was calculated. Outliers were removed. Normality 
of distributions was ensured with Shapiro Wilk and Kolmogorov-
Smirnow tests. Descriptive analysis was run and paired t-tests used 
for within group analyse and independent t-tests used for between 
group analysis (significance level set at 0.05).

Results
Within group analysis

Descriptive statistics and results of t-tests for both groups are 
reported in Table 1. The dominant scapula of controls was more 
upwardly rotated in both neutral (dominant side 3.72° STD 4.18° 
and non-dominant side 2.38° STD 3.41°, p=0.04) and in 60 degrees 
of shoulder abduction (dominant side 10.17° STD 6.36° and non-
dominant side 8.53° STD 3.61°, p=0.04): (Figure 5). The dominant 
scapula of golfers was significantly more upwardly rotated in neutral 
(dominant side 5.41° STD 3.22° and lead side 3.17° STD 3.80°, p=0.01) 
and the lead scapula was significantly more upwardly rotated in 60° 

of shoulder abduction (dominant side 6.89° STD 3.77° and lead side 
8.89° STD 3.36°, p=0.01): (Figure 5). 

Between group analysis

There was no significant difference in scapular rotation between 
golfers and controls in neutral but controls had significantly more 
upward rotation on the dominant side compared with the dominant 
side of golfers in 60° of abduction (∆= 3.24°, p=0.01) (Table 1). 

Discussion
It was hypothesised that the dominant shoulder would be more 

upwardly rotated in both controls and golfers when the arms were in 
neutral and when the arms were abducted to 60 degrees. In neutral, 
the hypothesis was upheld, both golfers and controls had significantly 
greater upwardly rotated dominant scapulae when compared with 
the contralateral side. The hypothesis was further upheld in controls 
where the dominant scapula was more upwardly rotated compared 
with the non-dominant scapula in 60° arm abduction. However, the 
hypothesis was not supported in golfers in 60° arm abduction when 
the golfers’ lead scapula was significantly more upwardly rotated in 

 
Figure 2: Measurement of the distance between the root of the spine of the scapula (RSS) and the closest horizontal spinous process (Sp) of the thoracic 
spine (RSS-Sp).

 
Figure 3: Measurement of the distance from the inferior angle of the scapula (IAS) to the root of the spine of the scapula (RSS-IAS).
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comparison to the dominant scapula. On between-group comparison 
there was no significant difference in scapula rotation between golfers 
and controls in neutral but controls did have significantly more 

upward rotation on the dominant side compared with the dominant 
side of golfers in 60° of abduction. Asymmetry of scapular upward 
rotation is noted in both male controls and golfers in neutral and in 

 
Figure 4: Calculation of the scapular rotation angle. Abbreviations: RSS=Root of Spine of Scapula; IAS Inferior Angle of Scapula; C7=Cervical vertebra 7; 
Sp=Spine of Scapula.
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Figure 5: Scapular rotation in golfers and controls.

Golfers
Mean (STD) degrees

Paired
t-test golfers p value

Controls
Mean (STD) degrees

Paired 
t-test controls p value

Mean difference
degrees

Independent
t- test p value

Dominant SUR 0° abd 5.43(3.18) 0.01 3.72(4.18) 0.04 -1.71 0.05
Non-dominant/lead SUR 0° abd 3.03(3.72) 2.38(3.41) 0.65 0.40
Dominant SUR 60° abd 6.93(3.78) 0.01 10.17(6.36) 0.04 3.24 0.01
Non-dominant/lead SUR 60° abd 8.67(3.52) 8.53(3.61) -0.14 0.86

Abbreviations: STD=Standard Deviation; abd=Abduction; SUR=Scapular Upward Rotation
Table 1: Descriptive statistics and results of t-tests for scapular upward rotation. 
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the early ranges of shoulder abduction. Actual measures of scapular 
upward rotation are within the ranges previously reported in the 
literature [28-33]. Asymmetry of scapular position in the coronal 
plane in golfers is also in keeping with previous authors’ findings 
relating to sportsmen [28-31,33]. 

Variation in three-dimensional scapular motion has been 
reported between baseball players with impingement and those 
without. Likewise, differences have been noted between healthy 
baseball players and non-sportsmen [31]. This variation between 
sportsmen and non-sportsmen in scapular kinematics has been 
interpreted as a response to the demands of repetitive sport on 
the shoulder [31]. Further research has highlighted that scapular 
asymmetry exists between shoulders in overhead sportsmen 
[28,30,31]. The present study adds to this body of knowledge by 
supporting the finding of scapular asymmetry in golfers. Previously 
investigated sports include baseball pitchers [31], baseball position 
players [28], overhead athletes [30]. The results of the present study 
are unique because symmetry of scapular position has not previously 
been investigated in golfers. In the previously-investigated sports, 
the upper limb movements are noticeably asymmetrical and hence 
asymmetry in scapular position can be supposed. The golf swing, on 
the other hand, has a through swing that mirrors the back swing. But 
the golf swing is complex and despite symmetry of swing motion, the 
demands placed on each shoulder vary greatly [34]. The adaptation in 
scapular position in golfers playing at the highest levels may illustrate 
chronic adaptation to the golf swing and may not be detrimental or 
indicative of pathology. 

Abnormalities in scapular kinematics, particularly decreased 
upward scapular rotation, have been associated with various shoulder 
pathologies in studies comparing healthy shoulders with those of 
patients with impingement syndrome and rotator cuff tendinopathy 
[6,7,35-38]. Underlying some of the fundamental principles in 
shoulder girdle rehabilitation are the following concepts: that upward 
rotation of the scapula is clinically important to prevent the humeral 
head from compressing and shearing against the under-surface of the 
acromion process during humeral elevation [6,39]; that congruity of 
the glenoid and head of humerus, and centring of the axis of rotation 
and stability of the glenohumeral joint, are dependent on scapular 
position [40]; that control of length/tension relationships between 
the scapular and glenohumeral muscles is affected by scapular 
position [39,41]; that abnormal scapular movement is associated with 
glenohumeral instability and subacromial impingement syndrome 
[39]. Consequently, conventional wisdom has been that observation 
and measurement of the static scapular position is essential in the 
clinical examination when investigating shoulder pathology, the 
asymptomatic side being used as a baseline reference and asymmetry 
assumed to be pathological [15]. However, this study confirms in 
elite golfers what previous authors have demonstrated [5,13-15,30], 
namely, that asymmetry of scapular position in the coronal plane is 
not an indication of risk of injury. The authors Morais and Pascoal 
[15], found that the magnitude of movement between sides was 
similar, despite scapular asymmetry in static arm positions. From this 
it could be concluded that the magnitude of scapular upward rotation 
during motion may be more important to evaluate than resting 
scapular position. Side to side differences in scapular positon may be 
due to optimal adaptation for function. Asymmetry that is continuous 

throughout arm motion may not be an indication of pathology [31]. 
Asymmetry of scapular position in the coronal plane in golfers as 
an indicator of risk in the golfers shoulder is not appropriate during 
screening. 

Limitations
Although the results of this study are useful, the current study has 

limitations that should be borne in mind when interpreting the results 
and addressed in future studies. Firstly, measurement sequence on the 
participants was not randomised when using the PALM. Secondly, in 
this study only one component of the five possible degrees of freedom 
of scapular motion was examined. Upward rotation occurs not in 
isolation but in combination with these other scapular motions. 
Thirdly, upward scapular rotation was evaluated at rest and during an 
isotonic hold of the arm; this may not represent the true influence of 
load on scapular position and does not represent scapular kinematics 
during dynamic movement. Previous authors report differences 
in scapular rotation under static and dynamic conditions [42] and 
under loaded and unloaded conditions [43]. Fourthly, blinding the 
researcher to the participant’s group identity during collection of data 
was not possible. Finally, the small group sizes in this study make it 
difficult to yield normative data; data on scapular positon in a larger 
number of golfers is warranted.

Conclusion
Asymmetry of scapular rotation in the coronal plane in golfers as 

an indicator of risk in the golfers shoulder is not appropriate during 
screening. Magnitude of scapular upward rotation may be a better 
indicator of risk to injury. 

Acknowledgements

Authors would like to thank Dr Roger Hawkes and Dr Andrew Murray of the 
European Challenge Tour medical team for their contributions.

References

1. Smith J, Dietrich CT, Kotajarvi BR, Kaufman KR (2006) The effect of scapular 
protraction on isometric shoulder rotation strength in normal subjects. J 
Shoulder Elbow Surg 15: 339-343. 

2. Kibler WB, Ludewig PM, McClure PW, Michener LA, Bak K, et al. (2013) 
Clinical implications of scapular dyskinesis in shoulder injury: the 2013 
consensus statement from the “scapular summit.” Br J Sports Med 47: 877-
885.

3. Van der Helm FCT (1994) Analysis of the kinematic and dynamic behavior of 
the shoulder mechanism. J  Biomech 27: 527-550. 

4. Ludewig PM, Cook TM, Nawoczenski DA (1996) Three-Dimensional Scapular 
Orientation and Muscle Activity at Selected Positions of Humeral Elevation. J 
Orthop Sports Phys Ther 24: 57-65. 

5. Lukasiewicz AC, McClure P, Michener L, Pratt N, Sennett B (1999) 
Comparison of 3-dimensional scapular position and orientation between 
subjects with and without shoulder impingement. J Orthop Sports Phys Ther 
29: 574-583.

6. Ludewig PM, Cook TM (2000) Alterations in shoulder kinematics and 
associated muscle activity in people with symptoms of shoulder impingement. 
Phys Ther 80: 276-291.

7. Hebert LJ, Moffet H, McFadyen BJ, Dionne CE (2002) Scapular behavior in 
shoulder impingement syndrome. Arch Phys Med Rehabil 83: 60-69.  

8. Burkhart SS, Morgan, CD, Kibler, WB (2003) The Disabled Throwing 
Shoulder: Spectrum of Pathology Part III: The SICK Scapula, Scapular 
Dyskinesis, the Kinetic chain rehabilitation. Arthroscopy 19: 641-661.

9. Laudner KG, Myers JB, Pasquale MR, Bradley JP, Lephart SM (2006) 
Scapular dysfunction in throwers with pathologic internal impingement. J 
Orthop Sports Phys Ther 36: 485-494.

http://www.ncbi.nlm.nih.gov/pubmed/16679235
http://www.ncbi.nlm.nih.gov/pubmed/16679235
http://www.ncbi.nlm.nih.gov/pubmed/16679235
http://www.ncbi.nlm.nih.gov/pubmed/23580420
http://www.ncbi.nlm.nih.gov/pubmed/23580420
http://www.ncbi.nlm.nih.gov/pubmed/23580420
http://www.ncbi.nlm.nih.gov/pubmed/23580420
http://www.jbiomech.com/article/0021-9290(94)90064-7/pdf
http://www.jbiomech.com/article/0021-9290(94)90064-7/pdf
http://www.ncbi.nlm.nih.gov/pubmed/8832468
http://www.ncbi.nlm.nih.gov/pubmed/8832468
http://www.ncbi.nlm.nih.gov/pubmed/8832468
http://www.ncbi.nlm.nih.gov/pubmed/10560066
http://www.ncbi.nlm.nih.gov/pubmed/10560066
http://www.ncbi.nlm.nih.gov/pubmed/10560066
http://www.ncbi.nlm.nih.gov/pubmed/10560066
http://www.ncbi.nlm.nih.gov/pubmed/10696154
http://www.ncbi.nlm.nih.gov/pubmed/10696154
http://www.ncbi.nlm.nih.gov/pubmed/10696154
http://www.ncbi.nlm.nih.gov/pubmed/11782834
http://www.ncbi.nlm.nih.gov/pubmed/11782834
http://www.ncbi.nlm.nih.gov/pubmed/12861203
http://www.ncbi.nlm.nih.gov/pubmed/12861203
http://www.ncbi.nlm.nih.gov/pubmed/12861203
http://www.ncbi.nlm.nih.gov/pubmed/16881465
http://www.ncbi.nlm.nih.gov/pubmed/16881465
http://www.ncbi.nlm.nih.gov/pubmed/16881465


Citation: Mackenzie TA, Herrington L, Funk L, Horlsey I, Cools A (2015) Sport Specific Adaptation in Scapular Upward Rotation in Elite Golfers. J Athl 
Enhancement 4:5.

• Page 6 of 6 •

doi:http://dx.doi.org/10.4172/2324-9080.1000211

Volume 4 • Issue 5 • 10002011

10. Sahrmann SA (2002) Does Postural Assessment Contribute to Patient Care? 
J Orthop Sports Phys Ther 32: 376-379.  

11. Ozunlu N, Tekeli H, Baltaci G (2011) Lateral Scapular Slide Test and Scapular 
Mobility in Volleyball Players. J Athl Train 46: 438-444.

12. Schwartz C, Croisier JL, Rigaux E, Denoël V, Brüls O, Forthomme B (2014) 
Dominance effect on scapula 3-dimensional posture and kinematics in 
healthy male and female populations. J Shoulder Elbow Surg  23: 873-881. 

13. Uhl TL, Kibler WB, Gecewich B, Tripp BL (2009) Evaluation of Clinical 
Assessment Methods for Scapular Dyskinesis. Arthroscopy 25: 1240-1248. 

14. Matsuki K, Matsuki KO, Yamaguchi S, Ochiai N, Sasho T, et al. (2011) 
Dynamic In Vivo Glenohumeral Kinematics During Scapular Plane Abduction 
in Healthy Shoulders. J Orthop Sports Phys Ther 42: 96-104. 

15. Morais NV, Pascoal AG (2013) Scapular positioning assessment: Is side-to-
side comparison clinically acceptable? Man Ther 18: 46-53.  

16. Watson L, Balster SM, Finch C, Dalziel R (2005) Measurement of Scapula 
Upward Rotation: A Reliable Clinical Procedure. Br J Sports Med 39: 599-
603. 

17. Crotty NM1, Smith J (2000) Alterations in Scapular Position with Fatigue: A 
Study in Swimmers. Clin J Sport Med 10: 251-258.  

18. Forthomme B, Crielaard JM, Croisier JL (2008) Scapular Positioning in 
Athletes Shoulder: Particularities, Clinical Measurements and Implications. 
Sports Med 38: 369-386.

19. McKenna L, Cunningham J, Straker L (2004) Inter-tester reliability of scapular 
position in junior elite swimmers. Physical Therapy in Sport 5: 146-155.

20. Wang HK, Cochrane T (2012) Mobility impairment, muscle imbalance, 
muscle weakness, scapular asymmetry and shoulder injury in elite volleyball 
athletes. J Sports Med Phys Fitness 41: 403-410. 

21. Thomas SJ, Swanik KA, Swanik CB, Kelly JD (2010) Internal Rotation and 
Scapular Position Differences: A Comparison of Collegiate and High School 
Baseball Players. J Athl Train 45: 44-50. 

22. Ebaugh DD, McClure PW, Karduna AR (2006) Effects of shoulder muscle 
fatigue caused by repetitive overhead activities on scapulothoracic and 
glenohumeral kinematics. J Electromyogr Kinesiol 16: 224-235. 

23. McQuade KJ, Dawson JS, Smidt GL (1998) Scapulothoracic Muscle Fatigue 
Associated With Alterations in Scapulohumeral Rhythm Kinematics During 
Maximum Resistive Shoulder Elevation. J Orthop Sports Phys Ther  28: 74-
80.

24. Su KP, Johnson MP, Gracely EJ, Karduna AR (2004) Scapular Rotation in 
Swimmers with and without Impingement Syndrome: Practice Effects. Med 
Sci Sports Exerc 36: 1117-1123.

25. Hume APPA, Keogh J, Reid D (2005) The Role of Biomechanics in Maximising 
Distance and Accuracy of Golf Shots. Sports Med 35: 429-449. 

26. Odom CJ, Taylor AB, Hurd CE, Denegar CR (2001) Measurement of scapular 
asymmetry and assessment of shoulder dysfunction using the Lateral 
Scapular Slide Test: a reliability and validity study. Phys Ther 81: 799-809.

27. Nijs J, Roussel N, Vermeulen K, Souvereyns G (2005) Scapular Positioning 
in Patients With Shoulder Pain: A Study Examining the Reliability and Clinical 
Importance of 3 Clinical Tests. Arch Phys Med Rehabil 86: 1349-1355.  

28. Downar JM, Sauers EL (2005) Clinical Measures of Shoulder Mobility in the 
Professional Baseball Player. J Athl Train 40: 23-29.

29. Laudner KG, Stanek JM, Meister K (2007) Differences in Scapular Upward 
Rotation Between Baseball Pitchers and Position Players. Am J Sports Med 
35: 2091-2095. 

30. Oyama S, Myers JB, Wassinger CA, et al. (2008) Asymmetric Resting 
Scapular Posture in Healthy Overhead Athletes. J Athl Train 43: 565-570. 

31. Seitz AL, Reinold M, Schneider RA, Gill TJ, Thigpen CA (2012) No Effect 
of Scapular Position on 3-Dimensional Scapular Motion in the Throwing 
Shoulder of Healthy Professional Pitchers. J Sport Rehabil 21: 186-193.

32. Struyf F, Nijs J, De Graeve J, Mottram S, Meeusen R (2011) Scapular 
positioning in overhead athletes with and without shoulder pain: a case-
control study. Scand J Med Sci Sports 21: 809-818. 

33. Thomas SJ, Swanik KA, Swanik C, Huxel KC (2009) Glenohumeral Rotation 

and Scapular Position Adaptations After a Single High School Female Sports 
Season. J Athl Train 44: 230-237.

34. Marta S, Silva L, Castro MA, Pezarat-Correia P, Cabri J (2012) 
Electromyography variables during the golf swing: A literature review. J 
Electromyogr Kinesiol 22: 803-813. 

35. Endo K, Ikata T, Katoh S, Takeda Y (2001) Radiographic assessment of 
scapular rotational tilt in chronic shoulder impingement syndrome. J Orthop 
Sci 6: 3-10. 

36. Graichen H, Bonel H, Stammberger T, Englmeier KH, Reiser M, et al. (1999) 
Subacromial space width changes during abduction and rotation -a 3-D MR 
imaging study. Surg Radiol Anat 21: 59-64. 

37. McClure PW, Bialker J, Neff N, Williams G, Karduna A (2004) Shoulder 
Function and 3-Dimensional Kinematics in People With Shoulder 
Impingement Syndrome Before and After a 6-Week Exercise Program. Phys 
Ther 84: 832-848.

38. Warner JJ, Micheli LJ, Arslanian LE, Kennedy J, Kennedy R (1992) 
Scapulothoracic motion in normal shoulders and shoulders with glenohumeral 
instability and impingement syndrome. A study using Moire topographic 
analysis. Clin Orthop Relat Res 285: 191-199.

39. Borsa PA, Timmons MK, Sauers EL (2003) Scapular-Positioning Patterns 
During Humeral Elevation in Unimpaired Shoulders. J Athl Train 38: 12-17.

40. Brody LT, Hall CM (2010) Therapeutic Exercise: Moving Toward Function. 
(3rd edtn), Wolters Kluwer/Lippincott Williams & Wilkins Health. 

41. Smith J, Padgett DJ, Kaufman KR, Harrington SP, Nan An K (2004) Rhomboid 
muscle electromyography activity during 3 different manual muscle tests. 
Arch Phys Med Rehabil 85: 987-992. 

42. Fayad F, Hoffmann G, Hanneton S, Yazbeck C, Lefevre-Colau MM, et al. 
(2006) 3-D scapular kinematics during arm elevation: Effect of motion 
velocity. Clin Biomech 21: 932-941.  

43. Raina S, McNitt-Gray JL, Mulroy S, Requejo PS (2012) Effect of increased 
load on scapular kinematics during manual wheelchair propulsion in 
individuals with paraplegia and tetraplegia. Hum Mov Sci 31: 397-407.

Author Affiliation                            Top
1Salford University, Health, Sports and Rehabilitation Sciences, Manchester, 
United Kingdom 
2Salford University, School of Sport, Exercise and Physiotherapy, Salford, 
Manchester, United Kingdom
3The University of Salford, Salford, M6 6PU, United Kingdom
4English Institute of Sport, United Kingdom
5Ghent University Department of Rehabilitation Science and Physiotherapy, 
Belgium 

Submit your next manuscript and get advantages of SciTechnol 
submissions

 � 50 Journals
 � 21 Day rapid review process
 � 1000 Editorial team
 � 2 Million readers
 � Publication immediately after acceptance
 � Quality and quick editorial, review processing

Submit your next manuscript at ● www.scitechnol.com/submission

http://www.ncbi.nlm.nih.gov/pubmed/12168955
http://www.ncbi.nlm.nih.gov/pubmed/12168955
http://www.ncbi.nlm.nih.gov/pubmed/21944077
http://www.ncbi.nlm.nih.gov/pubmed/21944077
http://www.ncbi.nlm.nih.gov/pubmed/24280354
http://www.ncbi.nlm.nih.gov/pubmed/24280354
http://www.ncbi.nlm.nih.gov/pubmed/24280354
http://www.ncbi.nlm.nih.gov/pubmed/19896045
http://www.ncbi.nlm.nih.gov/pubmed/19896045
http://www.ncbi.nlm.nih.gov/pubmed/22030448
http://www.ncbi.nlm.nih.gov/pubmed/22030448
http://www.ncbi.nlm.nih.gov/pubmed/22030448
http://www.ncbi.nlm.nih.gov/pubmed/22832367
http://www.ncbi.nlm.nih.gov/pubmed/22832367
http://www.ncbi.nlm.nih.gov/pubmed/16118295
http://www.ncbi.nlm.nih.gov/pubmed/16118295
http://www.ncbi.nlm.nih.gov/pubmed/16118295
http://www.ncbi.nlm.nih.gov/pubmed/11086750
http://www.ncbi.nlm.nih.gov/pubmed/11086750
http://www.ncbi.nlm.nih.gov/pubmed/18416592
http://www.ncbi.nlm.nih.gov/pubmed/18416592
http://www.ncbi.nlm.nih.gov/pubmed/18416592
http://www.sciencedirect.com/science/article/pii/S1466853X04000537
http://www.sciencedirect.com/science/article/pii/S1466853X04000537
http://www.ncbi.nlm.nih.gov/pubmed/11533574
http://www.ncbi.nlm.nih.gov/pubmed/11533574
http://www.ncbi.nlm.nih.gov/pubmed/11533574
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2808753/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2808753/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2808753/
http://www.ncbi.nlm.nih.gov/pubmed/16125416
http://www.ncbi.nlm.nih.gov/pubmed/16125416
http://www.ncbi.nlm.nih.gov/pubmed/16125416
http://www.ncbi.nlm.nih.gov/pubmed/9699156
http://www.ncbi.nlm.nih.gov/pubmed/9699156
http://www.ncbi.nlm.nih.gov/pubmed/9699156
http://www.ncbi.nlm.nih.gov/pubmed/9699156
http://www.ncbi.nlm.nih.gov/pubmed/15235314
http://www.ncbi.nlm.nih.gov/pubmed/15235314
http://www.ncbi.nlm.nih.gov/pubmed/15235314
http://www.ncbi.nlm.nih.gov/pubmed/15896091
http://www.ncbi.nlm.nih.gov/pubmed/15896091
http://www.ncbi.nlm.nih.gov/pubmed/11235656
http://www.ncbi.nlm.nih.gov/pubmed/11235656
http://www.ncbi.nlm.nih.gov/pubmed/11235656
http://www.ncbi.nlm.nih.gov/pubmed/16003663
http://www.ncbi.nlm.nih.gov/pubmed/16003663
http://www.ncbi.nlm.nih.gov/pubmed/16003663
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1088341/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1088341/
http://ajs.sagepub.com/content/35/12/2091
http://ajs.sagepub.com/content/35/12/2091
http://ajs.sagepub.com/content/35/12/2091
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2582547/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2582547/
http://www.ncbi.nlm.nih.gov/pubmed/22622383
http://www.ncbi.nlm.nih.gov/pubmed/22622383
http://www.ncbi.nlm.nih.gov/pubmed/22622383
http://www.ncbi.nlm.nih.gov/pubmed/20500559
http://www.ncbi.nlm.nih.gov/pubmed/20500559
http://www.ncbi.nlm.nih.gov/pubmed/20500559
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2681219/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2681219/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2681219/
http://www.ncbi.nlm.nih.gov/pubmed/22542769
http://www.ncbi.nlm.nih.gov/pubmed/22542769
http://www.ncbi.nlm.nih.gov/pubmed/22542769
http://www.ncbi.nlm.nih.gov/pubmed/11289583
http://www.ncbi.nlm.nih.gov/pubmed/11289583
http://www.ncbi.nlm.nih.gov/pubmed/11289583
http://link.springer.com/article/10.1007%2FBF01635055
http://link.springer.com/article/10.1007%2FBF01635055
http://link.springer.com/article/10.1007%2FBF01635055
http://www.ncbi.nlm.nih.gov/pubmed/15330696
http://www.ncbi.nlm.nih.gov/pubmed/15330696
http://www.ncbi.nlm.nih.gov/pubmed/15330696
http://www.ncbi.nlm.nih.gov/pubmed/15330696
http://www.ncbi.nlm.nih.gov/pubmed/1446436
http://www.ncbi.nlm.nih.gov/pubmed/1446436
http://www.ncbi.nlm.nih.gov/pubmed/1446436
http://www.ncbi.nlm.nih.gov/pubmed/1446436
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC155505/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC155505/
http://www.lww.com/Product/9780781799577
http://www.lww.com/Product/9780781799577
http://www.archives-pmr.org/article/S0003-9993(03)00618-X/abstract
http://www.archives-pmr.org/article/S0003-9993(03)00618-X/abstract
http://www.archives-pmr.org/article/S0003-9993(03)00618-X/abstract
http://www.ncbi.nlm.nih.gov/pubmed/16774803
http://www.ncbi.nlm.nih.gov/pubmed/16774803
http://www.ncbi.nlm.nih.gov/pubmed/16774803
http://www.ncbi.nlm.nih.gov/pubmed/21782267
http://www.ncbi.nlm.nih.gov/pubmed/21782267
http://www.ncbi.nlm.nih.gov/pubmed/21782267

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Method
	Power analysis
	Participants
	Instrumentation
	Procedure
	Calculation of scapular rotation 
	Data analysis 

	Results
	Within group analysis

	Discussion
	Limitations
	Conclusion
	Acknowledgements
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	References

